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ORGANIZATION OF WORK AND NORMS FOR THE JORK-LOAD
OF FERSONNEL ENGAGED IN THE DIAGNOSIS AND TREATMENT
OF DISEASES OF THE THYROID GLAND BY RADIOACTIVE IODINE

The Department of Roentgenology and Radiology (Chairman -- Docent A, P,
Burkalov) of the Kishinev Medical Institute and Roentgeno-Radiological
Center of the Moldavian SSR Clinical Hospital

Lfbllowing is a translation of an article by V. Kh. Frenkel'
in the Russian-language periodical
(Medical Radiology), Vol, VII, No, 11, 1962, pages 23-26,/

Radioactive iodine (I131) has occupied an important place in the
diagnosis and treatment of diseases of the thyroid gland. This was
facilitated by good diagnostics, positive therapy and simplicity of ap-
plication (A, A, Atabek, M, M, Draznin)., In addition, the possibility
of utilizing 1131 1is tied to the presence of isotope laboratories, or-
ganized and equipped in accordance with effective sanitation regula-
tions,

Due to the prevalence of thyrotoxicosis in Moldavia, inter-
regional anti-goiter dispensaries with radiological sections for ap-
plying radiocactive iodine are now being organized in various regions
of the republic. In this connection, the importance of organizing
work in the isotope laboratory is growing in order to ensure maximum
productivity with a minimum of work-connected injuries (S, M, Gorodin~-
skiy, N. T. Gusev),

The purpose of the present work is to thoroughly analyze the or-
ganization of labor and norms for the work load of personnel at the
Isotope Laboratpry of the Moldavian SSR Clinical Hospital,

The Isotope Laboratory of the Moldavian SSR Clinical Hospital
is not typical, although it satisfies all the requirements of an insti-
tution of this type. Isotope laboratories to be organized in the re-
public in the near future will also be located in suitable buildings
which differ one from another. Therefore, we are in no way making
generalizations out of our conclusfons. However, in view of the
rather large volume of work completed in four years (over 12,000 di-
agnoses and 1,100 treatments), a familiarization with our organiza-
tional experience may be of some interest, especially in view of the
light treatment of this problem in the lirerature,
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The 1sotope lahoratory of the Repuhlic's Clinical Hospital con-
sists of a stnrehouse, a washroom, a packing rcor, a treatrent room, a
walting roor for patients and a rsdlomeiric room, The snnual expendi-
ture of 1131 ig 3,600 mc (200 r& monthly), The isorope lsboratory con=
ducts diapgnnses and treatment of patlients with thyrotoxicesis, The
following time intervals are used to measure thyroid shsorptton: 2,

3 and 26 hourz after administration. The patients take internally an
indicator quantity of 11 ! Juring the firsgt two hours of the labora-
tory's work pericd eid a subsequent radiometry after four hours, This
coincides with the established six=-hour work day. Treatments are con=-
ducted on the days when radioactive fodine are given (two to three times
a month).,

In calculating the isotope laboratorv 8 capacity in diapnostics,
one must consider the radiometric eontinuity of each patient for en-
suring veliable results, As is known, & decrease in the count results.
in.a reduction of the accuracy in measuring activity, characterized by
a mean quadratic error (V, 1., Spitsyn and co-authors), The determina~
tion of the measuring time is essential to ohtaining the 1equ5red de~
pree of accutacy, and 1is made by using the formula‘

“ o Ja+w+PfJA+me
Are= et '

<. - * ' .
where J,.;s is the zctivity of measured subject with background; /..
18 a background; Jy is the activity of nessured subject without back- .

ground; u is tue relative quadratic error of the’ activity measurement.
Below is a tahle of measurinp tirmes at a degree of accuracy of
0.05 (i,e,, 5%) for various meaninga for J 44 at [/ ,= 40 impulses/min -

(Table 1).

Table 1

Jar e, Yoo Ly r
iep/rin  imp/rin < omdn
75 40 0,05 43

100 40 0,05 18

150 - 40 0,08 R

200 40 0,0% 5

250 . 40 c.05 3 !

200 40 0.08 3

350 40 0,05 )

400 40 0.0% 2

500 40 0.05 1

Upon using 3 me of 1131 under our conditions and teasuring the
thyroid gland on the B=2 or DP~100 counters with gas-charyed counters,
the count of impulses with backpround two Hours after adminiutration
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was on the average between 150 and 250 (including measurements of [rom
400~-500 up to 75 imp/min), As can be .sean from Table 1, the optimal
count continuity is from three to eiglit minutes, and on the average
five or six minutes, Along with calculating the time needed for pre-’
paring the apparatus, calculating the background and standard, and
deducting the absorption percent, one must consider that the work
capacity of tne radiometric instrument is 15 to 16 persons per work-
ing day. Any attempt to increase the laboratory's work capacity by
reducing the measuring time of each patient inevitably leads to an in-
crease in the relative error and a reduction in the reliability of the
results obtained,

The widespread use of scintillation counters with a high re-
cording efficiency of gamma—quanta makes it possible to reduce the in-
dicator dose and decrease the count time without a loss of reliability,

The most correct way of ensuring uniform reliability in radiome-
try is to calculate the time necessary for recording a given number of
impulses.

In determining the norms of the personnel's work load, is it
essential to consider the degree of irradiation incurred while carry-
ing out diagnostic procedures? Ye estimated the radiation level at
locations where the personnel were working at various stages of their
work, For this purpose we used RK 0,1 microroentgenometer,

During the work in the radiometric room the only source of ir-
radiation is the indicator portion of 1131 (in this case 3 mc) taken
internally by the patient or found in the so-called standard, Dosi-
metric checks conducted by us show that the radiation level in direct
proximity to the person internally receiving 3 mc of 1131 15 lower
than the instrument's sensitivity threshold, A measurement of the
standard is likewise unrelated to any important external irrsdiation,
In this way, the work in the radiometric room is practically safe.

The radioactive background is higher in other locations of the labora-
tory: 0.4 mr/sec in the storehouse (the irradiation dose reaches the
daily maximum ailowance f{n 12 hours) and 0,1 mr/sec in the remaining
locations (the daily maximum dose is not reached), A chronometry
showed that a laboratory worker is in a general complex for not more
than 1 1/2 to 2 minutes, including one minute at the open safe, in the
packing room for one hour and 53 minutes including five minutes of di-
rect contact with I131 (at 15 to 20 second per dose), five minutes in
the treatment room of which 1 1/2 minutes is spent holding the con-
tainer with 1131 (5 to 7 seconds per patient). In working with an in-
dicator solution (total activity of the 1131 golution is 50 mc) the
transfer of the iodine from the storeroom to the radio-handling table
with the aid of remote instrumentation, and the pouring of the iodine
with the aid of a remote forceps and pipette 30 cm long for transfer
to the patient does not give a significant general or local irradia-
tion (maximum strength of the dose is 0.1 mr/sec), Thus, the person-
nel's load in diagnosing is determined only by the time necessary for
counting to ensure the essential reliability.
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On the days when isotopes ‘are administered and therapy is
given, the radiation levels are markedly increased (Table 2),

Taﬂie 2,

Maximum Daily Dose, Maximum Daily Doase,
17,000 pr_ —£83,000 mx ~
' Ir- : S
‘ radi- : S radi-
Dosage ation Dosage © . ation
Strength, Time, Dose, - Strength, Time,  Dose,
doxk Stage mx/sec  geconds omr _ mx/sec . seconds ok
Extraction and 4 10 40 6 . 10 60
transfer of one
ampule with 25 me
from the con~
tainer to the
radio-handling
table
Opening one 0.2 60 12 20 60 1,200
ampule’ . .
Pouring out the ‘0.2 20 4 60 ) 20 - 1,200
first thera-~ ' '
peutic dose, in
4-5 me
Pouring out the <0,1 - 20 2 5 20 100
last thera-
peutic dose in
. 4=5 me"
Transferring 0.4 7 3 . 50 7 350

one therapeutic
dose of 4-5 mc
.to the patient

As can be seen from Table 2, the irradiation dose from pouring
one ampule with 25 mc and administering therapeutic doses’ of 4 to 5 me
to 5'to 6 patients is generally equal to approximately 88 wr, i.e.,
1/190 ‘of the maximuim allowed dose. Under these conditions, the {rradi-
ation dose of the hands is noticeably greater, approximately 7,260 mr,
but is still only 1/11 of the maximum allowed dose, One must once
again be reminded that the radiation levels presented by us were
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measures under conditions where protective and remote instrumentation
was utilized. It is sufficient to say that without a remote pincette
or in direct contact with an ampule containing 25 mc of 1131, the radi-
ation level 1is 3,500 mr/sec (instead of 6) and the maximum allowable
dose is reached in 23 seconds instead of three hours and 50 minutes,
Therefore, great importance is acquired by individual dosimetric con-
trol, which reflects the factual dose of personnel irradiation, taking
into account all possible errors and carelessness,

The radiation dosage strengths obtained by us are significantly
lower than the calculated data presented by D, A, Ulitovskiy, This is
explained by the fact that our investigations were conducted under spe-
cific concrete conditions., We consider that the dosimetric measure-=
ment more reliably reflects the radiation levels than tables which were
calculated without relevance to a concrete situation,

Thus, the work load in pouring and administering therapy in each
isotope laboratory must be estimated individually depending on the
available protective equipment and remote instrumentation whose appli-
cation reduces the radiation level to practically safe magnitudes.

The following order of work was adopted by us on the basis of
calculating the radiation level in administering therapy and the essen-
tial duration of radiometry in diagnosis:

8 hours to 8 hours 30 minutes -~ preparation of the apparatus;
: measuring background and

standard ‘

8 hours 30 minutes to 10 hours ~- radiometry of patients 24
hours after administration
(1131 taken night before)
Pouring and administration
of indicator doses

10 hours to 10 hours 30 minutes -- measuring the background and
new standard

10 hours 30 minutes to 14 hours -- radiometry of patients 2 to
4 hours after administra-
tion; cleaning premises,
dosimetric control

Two laboratory workers operate each working counter: one for
pouring, and the other for radiometry, Upon completion of the pour-
ing, he helps the first technician calculate the percent of thyroid
absorption, One technician is essential for each supplementary
counter,

It is expedient to receive 1131 once in ten days., Thus, thera-
peutic doses are administered in the course of two to three days every
ten-day period. After pouring therapeutic doses, the laboratory tech-
nician works in the radiometric room for the remaining seven to eight
days of the ten-day period, while his qlace is taken by the second
technician -- an alternate intake of I131,

-5 -



.. As was emphasized above,. the cited descriptions ensue from our
specific conditions and cannot be mechanically transferred to other
isotope laboratories, The development of unified organizaticnal meth-
ods of work and personnel norms in radiological sections can bée made
possible by developing nets of :typical isotope labotatories, applying
uniform protective equipment :and remote instrumentation, and unifyin
the methodology of the, diagnostic and therapeutic utilization of 113
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FIRST AID IN RADIOCACTIVE IOblNE FOISONING

Supervisor ~- Corresponding Member of the Academy of Medical Sciences
USSR, Professor V. A, Sanotskiy

L;Bllowing is a translation of an article by V, P. Borisov
in the Russian-language periodical 1
(Medical Radiology), Vol, VII, No., 11, 1962, pages 27-31,/

A number of works has recently appeared in the literature which
deals with the protective action of several preparations (6-methylthio-
uracil, BAL, iodides) in radiocactive iodine (I131) poisoning of organ-
isms due to overdoses, Several authors (L. A, Kashchenko) point out
that stable iodine is & reliable prophylactic from the protective view-
point, but is not at all a means for releasing I131 from the thyroid
gland, Others (Ya, M., Kabak, I, N, Tal'skaya) consider that stable
iodine and 6-methylthiouracil can have a protective action not only
in precautionary but therapeutic (one hour after 1131 poisoning) ap-
plications.

The present paper presents the results of experiments in investi-
gating means for reducing the accumulation level of 1131 {pn an organism
as a first aid measure., The widespread use of I131 {n therapeutic and
diagnostic practice, and the industrial preparation of this and other
radioactive isotopes of iodine demands an investigation of prophylac-
tic and therapeutic means for the purposes indicated above.

The application of various anion exchange resins, permutite and
other preparations used for distilling potable water, warrants interest
for the prevention of iodine absorption from the digestive tract. The
literature takes particular note of the increased adsorptive properties
(relative to 1131) of preparations such as activated charcoal or kaolin
when mixed with trade amounts of silver, Analysis of chemical proper-
ties would indicate a similar action with salts of copper and mercury.
There is even more data on the effect of various substances on thyroid
gland function, Many preparations have been proposed for blocking the
synthesis of thyroid hormone, such as thiourea, bromides, iodides, per-
chlorates, methylthiouracil, mercazolyl, cyanates, thiocyanates, re-
sorcin, sulfidine and other sulfanilamide preparations, many of which
are being used to treat diseases of the thyroid gland (M., N, Fateyeva,
Ya. M. Kabak and 1, B, Simon). From the first aid standpoint it was
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necessary to check these preparations in order to establish possible
doses and length of treatment necessary to ensure a proper effect,

The experiments were performed on rats and dogs. 1131 yas ad-
ministered into the stomachs of the rats with a needle-head catheter
(:llan aqueous solution), and the dogs were fed a sausage containing
1

The radioactivity of the orgdns and tissues, as well as of the
excretions was determined on beta-counters in comparison to a standard
preparation of 1131, 1In addition, gamma-irradiation from the thyroid
gland were measured in yivo by a DP-11-B radiometer and a scintillation
counter with a lead collimator. Fot the purpose of a primary epproba-
tion, the effectiveness of seventeen different subsatances was tested
on 140 rats by intra-gastric or subcutaneous injections immediately
following the administration of & mc of I131 per rat. The results are
presented in Table 1,

The data cited in Table 1 show that a particularly high degree
of action is possgssed by mercazolyl, 6-mgthylthiouracil, potassium

"iodide, Sajodin /[calcium monotodobehenatg/, silver iodide, silver
bromide and calomel (3-7% of the control, i.e., 10-20 times lower),

A noticeable effect was shown by sodium perchlorate, mercamine (beta-
mercaptoethylamine hydrochloride) at a dose of 100 mg/kg (1 ml of a
2% solution per rat weight of 200 g) =-- 13,6% of the control, i.e.,
almost an even reduction, and cystamine (18,27% of the control).

Table 1. Effectiveness of Thyrostatic
and Radioprotective Preparations .

. Radioactivity of

Dose Per’ the Thyroid Gland

. Rat (ipn =~ Method of Ad- .

Name of Preparation ml) . ministration .

Average Range
6-methylthiouracil 2. (1%) Subcutaneous 3.0 1.9- 3.8
o ? (1% Gastric 16.1 - 13,7-18,5
Mercazolyl 1 (0,1%) " 10,7 . 9.6-12.7
Thiouree 2 (2%) ‘ " 25.7 25,6-25.8
Resorcin 2020 Intra- - 11.6 .9.4-13.8

peritoneal :

iercamine 1 (2%2) " 13.6 11.9-15,2
" 1 (1%) " 41.6 35.3-51.1
: Cystamine 1 (2%) = Gastric -+ 18,2 15.0-23,7
' -2 (0,1%) M 21.5 15.2-27.3
" .2 (0.1%) " 7.5 3.1-11.1
" 2 (0.1%) Subcutaneous 10.2 6.5-13.9
Sajodin. . .2.(0.1%)  Gastric 7.7 7.3- 8,2
Potassium thiocyanate 1 (3%) " 18.2 13.4-22.8
Ammonium thiocyanate 1°(3%) e 17.1 12.6-20.6



‘ Radiocactivity of

Dose Per the Thyroid Gland

Rat. (in hthod of Ad- (percent of caontrol)
Nams of Preparation ml . mnlstrakion Averags Range

NaCl0, 1 (0,1%) Gastric . 15,6 13,3-16.5
Sulfodimezine 1 (32) ' " " 54,6 26,1-79.1
AsBr 2 (0.12) " 801 7.9" 806
Agl 2 (0.17%) " ' 34 1.4~ 5.2
CuCly 2 (0.1%) " 19.9 17.3-22.4
Calomel 2 (1%) " 8.1 7.6- 8,6
Glauber's salt 2 (20%) coon 54,7 37.1-64.5

The use of mercamine, cystamine (or their combination with more
effective thyrostatic substances) warrants attention, since these prepa-
rations simultaneocusly afford protection againat irradiation.

The following two series of experiments on 48 rats clarified the
importance of dosage and particularly the durstion of treatment with -
substances which block the accumulation of 1151 4n the thyroid gland.

The first series showed that only comparatively high (1-0,1 mg
per rat) doses of iodides give the necessary effect. Smaller doses
(0.01 mg per rat), on the contrary, increase the level of 1131 resorp-
tion by the thyroid gland, i.e,, here there is a two-phased action as
is often observed in pharmacology (Table 2),

Table 2, 1,835 ¢ 1074 mc of 1131 Administered Per Rat
(average data obtained on the basis of examining three rats --
exarination after five days)

Thyroid
Dose of Gland
K1 Per Activity Percent
Rat (in (inmec + of the

Experimsntal Variant ng) 1074 Control  BRange
Control (infected rats ] - 855.5 100,0 -
without treatment)
K1l immediately after in- 0.01 1,191.3 139.2 107-174
fection ‘
" 0.1 184.4 21.6 15.2-27.3
" 1'0 &503 5'3 4'01- 6.0
K1l three days before in- 1.0 346,6 40,5 35.4-43,6
fection



. Thyroid .
‘Dose of Gland
KL Fer ' Activity: Percent
Rat (in (inmc « of the

Experimental Varisnt b 1070 : Control  Range
Kilqne day before infection 1.0 176.3 ‘ 20.6 14,8-30.0
Kt five hours before infec- 1,0 91.8 10.7 7.8-12.8
tion : ‘ -ﬁ.%u
K: two hours after infec- ' 1.0 257.é 30.1 17;&-&3:2
tion C :

48 can be seen from Table 2, potassium 1odide is effective in
prophglactic and therapéutic applications, by accelerating .the removal
of I131 even two hours after exposure when the latter is already par-
tially fixed by the thyroid gland, N

In the second series of experiments, treatments were admin-
istered after 1nfecting the ratg’ with 1131 (dose ~- 6,240 « 10~% me)
in ‘one variant immediately after exposure, and in another four hours
after exposure, The rats were killed after 45 hours for comparing ef~
fectiveness; a part of the control rats was killed after four houxs and
27 hours in order to have some idea of the accumulation level of 1131
in the thyroid gland during this period.

As is clearly seen from Table 3, potaasium iodide and 6-methyl-
thiouracil make it possible to accelerate the removal of I131 from the
thyroid gland soon after its deposition, i.e., these substances have
both a prophylactic and therapeutic significance., A special balanced
experiment on exchange cells showed that the blocking of 1131 accumu-
lation in the’ ‘thyroid gland results in the latter's non-accumulation
in other organs and tissues, but its rapid removal from the organism,
primatily via the urine (Table 4),. .

In practicality, in spite of the complete cessation of 1131 '
fixation in the thyroid gland during the application of the. thera-
peutic preparations, the 1131 fixation in the remaining - organl and
tissues not only did not increase in comparison with the control, but
on the contrary, decreased, ‘The entire amount of the unfixed 1131
was removed from the organism in the first two days; the removal of
1131 increased from 10,7 to 75-87%. Hence it is once more apparent
that it is important to simultaneously apply protective preparations
qf the cystamine or mercamine type, 4s is known from the pharmacody-
namics of these preparations, they are removed from the organism pri-
marily through the kidneys. Therefore, one may expect a particularly
high degree of protection from cystamine or mercamine, namely for this
organ during the intensive removal of 1131 (as well as from other
radioactive isotopes eliminated through the kidneys).

-10 ~



Table 3. 6,240 « 104 ma of 1131 Administered Per Rat
(average data obtained on the basis of examining three rats)

" Thyroid Gland Activity (in

ne. . 10-4)

4 hours

after in-~
Experimental Variant fection = 27 hours 45 hours
Control (only 1131) : 3,085 3,960 3,030
Treatment with KI immediately after - - 14.3
infection '
Treatment with KI 4 hours after . 3,085 - 22.15
infection o
Treatment with methylthiouracil - : - 18.0
immediately after infection
Treatrent with methylthiouracil | 3,085 | L 26.1

4 hours after infection

Table 4, A Balance Investigation of 1131 Dynamics in the Organism,
Gastric Administration of 61 » 10-2 mc of 1131
(average data obtained on the basis of examining three animals)

activity (in me + 10-2)

' Methyl-
. : . thio-

Examination Variapt Contreol KI  ‘uracil. 4Agl
Total found in the organism and - 57.94 59.74 50.31 52.91
excretions ' 5 )
Including:

In the thyroid gland 30.30 0.17 0.18 0.17

In the remaining organs and ‘

tissues 21.4 14,47 8,25 6.46
Removed in 48 hours

From the urine. 5,45 43.94 38.71 43.15

From the feces - 0,79 1.16 3.17 3.13
Total 6.24 45.10 41.88 46.28
Percent 10,74 75.54 83.3 87.7

-11-



The following experiments on dogs confirmed the effectiveness
of several of the experimental preparaﬂidhs (K1, sulfidine, ammonium
thiocyanate) as first aid measures. Table 5 shows the results of ex-
periments on 33 doga using ‘potassium iodide,

Table 5, Reduction of the Thyroid Gland Radioactivity in Dogs
' - After KI Treatment (0.05 g per treatment).
46 me/kg 1131 Were Administered (average date
obtained on the basis of examining three-dogs)-:

Food With Infecting WQter With Infecting

1131 ..1131
Percent of : Percent. of
Control 2,159.0 100 2,381.6 100
KI treatment:
Time after exposure to ' o
1131 == 15 minutes 122.8 5.7 232,3 . 9.75
-- one hour - - 287.6 - 12,06
- .three hours 177.7 -+ - B.264 974,6. - 40,9
-- six hours 950.6 - 4@:1 - ==

A8 the obtained results show, soon after infection (1-3 hours)
it is possible to acquire a sufficiently good effect, Naturally, later
on, the effect worsens and here it becomes essential to adopt a spe-
cific course of treatment, since a eingle 0,05 g dose of KI per dog is
insufficient to rapidly decrease the .amount of 1131 in the organism.

Table 6 shows the data of an experiment on six dogs where such
a course of treatment is taken (a triple administration of potassium
iodide, 15 minutes, three hours and one day after infection), 54 mc/kg
of 1131 yere adrinistered. The effect was determined by a scintilla-
tion counter by means of in vivo measurements of thyroid gland radio-
activity.

By the 96th hour the difference between the treated and con-
trol animals (according to the thyroid gland activity) was more than
a hundred fold, ‘

Thus, the known thyrostatic substances (mercazolyl, 6-methyl-
thiouracil, thiocyanaten, perchlorates, thiourea, resorcin), organic
(Sajodin) and inorganic compounds of fodine (Ki, Agl, AgBr), certain
sulfanilamides (sulfodimezine), and radio-protective substances --
mercamtne, cystamine, demonstrate a high degree of efficacy as a first

-12-



aid measute in 1131 poisoning, by nhar&ly reducing the deposition of
this isotope in the thyroid gland and accelerating its elimination
from the organism, ,

Table 6, The Results of Treating Dogs
: Receiving 54 me/kg 11 1 With Potassium Iodide

.Activity of Thyroid Glands,
... . in'% of Adminioterod Ac-
Weight Activity of tivity =

Experimental of Dog Administered After 'After ' After
Yariant (in kg) I3 (4n me) & Hours 24 Hours 96 Hours
Control 22.8 1,248 23,0 43,9 34.8
1131 ynfection 9.8 543 11.7 54,0 40.0
17.0 930 35.5 83,2 42,8
Treatment with K1 15.5 847 5.4 6.6 0.6
(three times, each 10,1 485 7.1 5.9 0,2
with 0,05 g) 13,0 710 3.6 2.6 0.6

One may recommend the use of KI or Sajodin in ordinary thera-
peutic dosee (0,1-0,.2 g per treatment) both as a prophylaxis and a
first aid measure in 1131 poisoning. To a certain extent, the use of
mercamine (betamercaptoethylamine hydrochloride) and cystamine, thio-
cyanate compounds and perchlcorates may also be recommended, The prepa-
rations must be administered as soon as possible following the appear-
ance of infection in order to minimize the degree of thyroid gland ir-
radiation, As far as mercazolyl and 6-methylthiocuracil are concerned,
in spite of their great effectiveness in reducing the deposition of
1131 {n the thyroid gland, their recommendation should be reserved un-
til additional experimental clinical investigations can be conducted.
As is known, these compounds, particularly 6-methylthiouracil, cause
distinct side reactions, especially leukopenia, agranulocytosis which
are extremely undesirable in radiation sickness during infections by
radicactive isotopes. These preparations are especially contraindi-
cated for single applications for the purpose of first aid, but are
rather for subsequent therapy in the form of a prolonged course of
treatment,

Calomel warrants attention for the prevention of 1131 absorp-
tion from the digestive tract. When indicating this purgative in
poisoning by radioactive isotopes of iodine, one must consider the
incompatibility of calomel and iodide salts. One must also refrain
from using acid or salted foods in these cases,
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CHANGES IN FERIPHERAL BLOOD DURING RADIATION THERAPY

Fron the scientific-polyclinical section (Ye. M, Kagan) and the hema-
tology laboratory (Ye. V. Karibskaya) of .the State Scientific-Research
Roentgenoradiological Institute of -the Ministry of Health RSFSR

Lrollowing is a translation of an article by Ye, V, Karib-

skaya and T. E, Matetskaya in the Russian-language peri-

odical Meditsinskaya radiologiva (Medical Radiology),

Vol. V11, No. 11, 1962, pages 39-45,/

In the present work we assumed the task of studying changes in
the peripheral blood of patients undergoing radiation therapy for vari-
ous diseases, The blood of persons not undergoing radiation was exam-
ined for comparative purposes, We proposed a study of observable blood
changes in daily dispensary work, We were primarily interested in the
quantitative correlation between different cellular groups and the
qualitative changes in the nuclei and protoplasm in patients during
radiation therapy. To do this, we examined the amount of hemoglobin,
the number of erythrocytes, the erythrocyte sedimentation reaction,
the total number of leucocytes and a qualitative evaluation of a hemo-~
gram. The majority of the patients were observed dynamically, accord-
ing to the course of the radiation therapy, and subsequently during re-
turn visits for examination.

One hundred and forty eight persons were under observation and

undervent radiation therapy for the following maladies: melignant neo-
plalmc in the lungs =-- 31 persons, malignant neoplasms of the esophagus
and stomach =~ 21, malignant neoplasms of the mammary glandl -='5, of
‘the genitalia -~ 7, of the thyroid gland -=- 4, of the rectum -~ 12,
dermal melanoma -- 6, lymphogranulomatosis of the lunga and mediasti-
num == 13, leukemia, primarily lympholeucosis =- 4, erythrqmia -6,
ostiosarcoma -- 13, malignent neoplasms of the cheeks,,neqk and upper
jaws -- 16, non-tumerous maladies -- 10 persons,

As a rule, the patients undergoing radiation were given vitamins
and hemo-stimulators during the course of treatment.,

An analysis of our observations shows that specific changes ap~
pear in the peripheral blood as a result of radiation. The responsive
reaction to penetrating radiation is of a singular character and inde-
pendent of the form and character of radiation, First of all, one ~
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must take note of the fact that idnizing irradiation effects & change
in the leucocyte count| mainly & t:zuctton. a reduction in the number
of lymphocytes; a ¢hangs in the grahular neutrophils, a #imultaneous
incresse in the color indichtér| which is lublequentiy followed by a
change in the state of the ¥ed blood. The erythrocyte sedimentation
reaction in an overwhelming number of our patients remained high, e
could be convinced that the time and degree of the changes in the
peripheral blood depend on the method of radiation, the size of the
radiation field and the individual sensitivity of the patient, The
gravity of the tumorous process is also of great importance, In the
terminal stage of the disease the hemogram changes even without radia-
tion therapy. Thus, we consider that the method of rotational remote
gamma therapy is safer for hemopoietic organs than, for example, grid
irradiation which is reflected in the pattern of the peripheral blood.
In the rotational method, the content of hemoglobin is hardly reduced.
The average number of erythrocytes was no less than 4,500,000 per one
cu mm, and the leucocytes no less than 3,500 per one cu mm of whole
blood, which made it possible to complete the course of irradiation,

A non-stable reduction in the lymphocyte count is noted in this method
of radiation therapy, both in percent and absolute relationships (360
per one cu mm of blood), :

Morphological changes show a course toxic granulosity of the
neutrophils and a measurable fragmentosis of neutrophil nuclei, The
observed non-stable leucopenia apparently took place because of the
reduced flow of leucocytes from the hemopoietic centers to the periphe~
ral blood as a result of the rhytheic irradiation of bone marrow, ribs,
etc., in irradiating lung tumors. The following observations serve as
an illustration of peripheral blood changes in patients with malignant
tumors treated by rotational remote gamma therapy.

Patient R, 60-year-old male, with cancer of the right lung, was
given rotational remote gamma therapy with a focus dose of 7,617 r,

A moderate reduction in the total number of leucocytes in the periphe-
ral blood (examined approximately every 10 days) was observed after the
first radiation treatments, primarily because of a fall in the lympho-
cyte content which, according to the patient's general improvement and
reduction of tumor (determined by X-ray), leveled off, and even became
somewhat higher than the original figure by the end of the treatment,
At the same time, fio changes in the red blood were observed, The
erythrocyte sedimentation reaction constantly remained high., A course
toxic granulosity of the neutrophils and fragmentation of neutrophil
nuclei were morphologically observed in the blood cells (Diagram 1).

Patient K, male, Diagnosis: cancer of the supralobar bron-
chus, Subjected to rotational remote gamma therapy. Focus dose
7,615 r, The peripheral blood showed moderate leucopenia, a small
drop in the lymphocyte count which leveled off by the end of the
treatment equal to the initial counts, along with an improvement in
the general condition of the patient, The red blood cells showed an
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insipgnificant reduction in the hemoglobin content without & reduction
of the erythrocytes, The erythrocyte sedimentation reaction was high.
Qualitative chenges in the cells showed up as toxic granulosity of
neuatrophil protoplasm and a moderate fragmentation of neutrophil nuclei
(Diagram 2). Periocd of observation was 2 years, ‘

Diagram 1, Hemogram of patient R,
a) hemoglobing b) time when
analysis teken; ¢) srythracytes;
d) leucoeytes; e) neutrophils;

f) lymphocytee; g) erythrocyte
count, mrillions; h) hemoglobin,

%3 1) totel number of leucoeytes,
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Patient L, 35~year-old mala, Diagnosis: cancer of the left
lung, Subjected tn rotational remote gamma therapy., Focus dose
6,600 £, The peripheral blood showed moderate leucopenia (total leuco=
cyte count was not lower than 4,100 per 1 cu mm of blood), lymphopenia
with relstive nautrophilosis, a small transient reduction i{n the hemo~
globin and erythrocyte content, The erythrocyte sedimentation reac~
tion was markedly reduced. Morphological determination of a texic
neutrophil granulosity, uniform giant neutrophils (Diagrem 3), Pertod
of ohwervation was eignt monthe,

Diangram 3, Hemogram of patient L.
a) hemoglobini b) time when
analysis takeni ¢} erythrocytes;
d) leucocytes; e) neutrophils;

£) lymphocytes; g) erythrocyte
s count, millicng; h) hemoglobin,

%Z; 1) total number of leucocytes,
thousande; j) neutrophils;

k) lymphocytess 1) beginning of
observation,
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The same kind of peripheral blood changes were observed in rots-~
tional remote gamma therapy of malignant tumors of the esophagus and
stomach, where theve was a reduction of the hamoglobin and erythrocyte
content, moderate leucopenia and lymphopenia which disappears by the
end pf the treatment, At the same time there ia a noticesgble improve-
ment in the patient's general condition and ability to swallow, The
following example will ba cited.

Patient 8, a 50-year-old male, Diagnosis: esophogeal tumor
(at levsl Dg), Rotational remote gamma therapy administered. The dose
in the focus region was 6,712 v, Period of observation was 1 year and
3 months, The peripheral blood showed toxic granulosity of neutrophil
protoplasm and fragmentosis of neutrophil nuclei. The platelet count
was in tne normal range (Disgrem 4),

The efferct of grid radiation on the peripheral blood is certainly
of interest, and is amply {llustrated by the following obsérvation,

Patient D, & 5S0-year~-old woman, Diagnosis: malignant tumor of
tha middle third of the esophagus. Radiation given from four fields
(two forward end two behind), ecach through a grid at 8,000 v, FYeriod
cf observation was four months, Coincident with irradiation, the hemo=
gram shoved a gradual fall in the hemoglobin content (10,6 g % from 16),
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a reduction in the ervthroeyte count (3,000,000 per cu mr of whole

blood from 5,000,000), a

reduction in the total nurber of ieucocytes

(4,000 from £,100) with an acute lymphopenia (220 celis in absolute
numbers)., Morphological deronstration of hypochromia, anisocytostis
of the leucocytes, and toxic granulosity of neutrophil protoplasm,
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Diagram 4, Hemogram of patient S,
a) hemoglobin; b) time when
analysis taken; c) erythrocytes;
d) leucocytes; e) neutrophils;

£) lymphocytes; g) erythrocyte
count, millions; h) heroglobin,

%3 1) total number of leucocvtes,
thousands; J) neutrophils:

k) lymphocytes; 1) bezinning of
observation,

In this cese the peripheral blood changes sharply differ fror

those ohserved in rotational remote pamma therapy.
predictably less favorable (Diapram S),
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These changes are

Diagram 5, Hemopram of patient D,
a) heroglobin; h) time when
analvsis taken; ¢) erythrocytes;
d) leucocytes; e) neutrophils;

£) lymphocytes; g) erythroeyts
count, millions; h) hemoglohin,

%; 1) total number of leucocytes,
thousands; §) neutrophils;

k) lymphocytes; 1) beginning of
observation,



In the radiation therapy of patients with malignant neoplasms
of various organs, variable tumor localization as in all other cases
of radiation therepy, one can notic¢e a toxic granulosity of neutrophil
protoplasm and a fragmentosis of nautrophil nuclei, whereas in cancer
of the uteral cervix, rectum, and dermal melanoma there is a reduction
in the content of hemoglobin, erythrocytes, leucopenia, lymphopenia,
eosinophelia and monocytosis. These indicators sometimes vascillate
in a seemingly disorderly manner (and in the majority of cases they
do not return to the initial magnitud‘l at the end of the obeervation
P.f‘“) .

The following sxample is eited,

Patient A, a Sl-year~old woman, Diagnosis: malignant tumor of
the rectum, progressing to the rear wall of the vagina and perineum,
complicated by paraproctitis, The pertiod of observation was four
months. The patient was given radiation therapy with a RUM=~7 apparatus
from two fields, each from which she received 5,715 . The prognostic
blood pigture was not satisfactory, since there was a sharp fall in
the hemoglobin c¢~tent (to 6.6%), a reduction in tha erythrocyte num=-
ber (to 2,300,000), an incresse in the total number of leucocytes whare
there was a two-phased leucocytosis (a drop phase and a new increase
phase), a left shift in the hemogram, lymphopenie, hypochromia, aniso~
ecytosis and a course toxic granulosity of neutrcphil protoplasm (Dia~-
gram 6), i

" Diagram 6, Hemogram of patient A,
a) hemoglobin; b) time when
analysis taken; ¢) erythrocytes;
d) leucocytes; e) neutrophils;
£) lymphecytes; g) erythrocyte
count, millions; h) hemoglobin,

%3 1) total number of leucocytas,

. thousands; 3j) neutrophile;

k) lymphocytas; 1) beginning of
observation,
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. In patients not undergoing irradiation and suffering from rheu~
matic carditis, gall stones, etc., the peripheral blood pteture showed
a reduction in the hemoglobin level and the erythrocyte number, leuco-
cytosis with a moderate shift to the left. Morphological changes in
the cells showed a toxic granulosity of nautrophil protoplasm, in in=-
dividual cases there was fragmentosis of thair nuclei, anisocytosis
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Patient P, a 32-year-old male. Diagnonia. thymoma of the an=-'
terior mediastinum, Operated on; no radiation therapy received, The
peripheral blood picture coincided with that dqpcrlbcd above .nd becaine
norral by, the ‘time the patient recovered (Diagr‘n .

|
|
!
|

|
|
|

Disprar 7. Microphotograms of blood cells, The most frequently en~
countered qualitative changes in peripheral blood cells during radia-
tion of patients,

a) toxic granulosity of neutrophils, hypersegmentosis, angular shape
of cell; b) giant neutrophil with hypersegmentosis (on the left), next
te a neutrophil of & normal size (on the right); ¢) vacuolization -of
monocvte protoplasm; initial stage of nucleaar rupture; d) degenerate
lvrmphocyte with karvorxis. .

Inasmuch as our purpose was to deteéct i{n as much detail as pos=

‘sible the rorphological changes in peripheral blood cells subjected and
rot subjected to penetrating irradiation, we, in addition to describing
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constantly observed qualitative symptoms in the cells, clarified o
number of morphological details which are not ususlly noticed when
examining blood in every day dispensary practice (Diagram 7)., Thus,
for example, the round shape of a neutrophil changes to an angular
form with five or six sharp corners, At the same time a shallow dust-
like granulosity appears in the protoplasm, the shape of the nucleus
changes and is often located in the wide section of the protoplasm and
sometimes extends along the entire length of the cell creating distor-
tion in relation to the nucleus and protoplasm, There also appear
ciant neutrophils and polysegmentosis, The number of neutrophils with
toxic granulosity rapidly increases and the granulosity becomes dense
and coarse. Instead of an angular protusion of protoplasm the con-
tours of the protoplasm begin to erupt and cytolysis takes place,
These changes in the shapes of cells are also frequently noticed in
sosinophils, lymphocytes and monocytes, Eosinophelia, observed in the
beginning of treatments, gradually disappears, the number of eosino-
phils increase and vacuolization of the protoplasm takes place as well
as lysis of the eosinophil nuclei., Non-granular forms of leucocytes
also change their forms: wide-protoplasmic lymphocytes and lympho-
cytes with plasmotized protoplasm with vacuolization and nuclear frag-
mentation, Histiocytes are very often observed (three per 100 leuco-
cytes)., Among the monocytes Rider (degenerate) forms appear, and
monocytes with nuclear and protoplasmic vacuolization are observed.

The qualitative changes in blood cells of patients not receiving
radiation therapy and suffering from sepsis, rheumatic carditis and
cholecystitis primarily show a toxic granulosity of neutrophil proto-
plasm which suggests the variasble character and etiology of this
granulosity. This situation must be the subject of subsequent and
specialized research,

Conclusions

1. The peripheral blood picture definitely reflects the pa-
tient's general condition and the organism's reaction to irradiation,

2., The character of peripheral blood changes in irradiated pa-
tients depends on the dose, size of the radiation field, method of
irradiation and the organism's individual sensitivity,

3., Changes in the peripheral blood picture which are con-
nected with the gravity of illness are observed near the terminal
phase of the process. ’

4, The peripheral blood picture, in combination with other
clinical data, can be of prognostic value,

5. Rotational irradiation 18 the safest method of radiating
peripheral blood.

6., The toxic granulosity of neutrophil protoplasm observed in
irradiation as well as in other conditions of persons not undergoing
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radiative stimulation; must be a subject for further and sp.cialized
study.
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EARLY CHANGES IN THE SKIN CHRONAXY AND VISUAL ANALYSORS
"IN PERSONS EXPOSED TO A SINGLE LOCAL X-RAY TREATMENT

From the fathological Phylioiogy Laboratory (Chief -~ Candidate of'
Medical Sciences V. 5., Genes) of the Khar'kov Inltitute of Madical'
Radiology '

[Eollowing is a translation of an article by A, S, Yefi-
mova in the Russian-language periodical Maditsinskava
radioloeiva (Medical Radiology), Vol. VIIL, No. 11, 1962, -
pages 45-50,/ ,

The functional changes in the receptor apparatus during the ion-
izing radiation of an organism have not been sufficiently studied to
date, Many authors attach great importance to the pathological impulsa-
tion, developed in radiation sickness, from various receptors to the
centers of the nervous system (Ye., 1, Bakin, M, I, Livanov, A. B,
Tsypin). The study of changea which occur both in the analysors as a
whole and in their various links is essential to ascertaining the rea-
sons and meaning of shifts occurring in the central nervous system un-
der the effect of ionizing radiation., This problem has received par=-
ticular attention during recent years.

Studies were made of functional changes in a cutaneous analysor
in both chronic small dose and large dose radiation (Lindenbaum, Ya. L.
Geynisman and Ye. A. Zhimurskaya, N. S, Delitsina, M. N, Livanov), A
decrease in the gustatory and olfactory sensitivity in persons working
around fonizing radiation activity was found by A, L. Morozov, E., A,
Drogichina, M. A, Kazakevich, N, A, Ivanov, S, F, Belov, S, P,
Afanas'yev, V., A, Golovina, M. M. Komochkov, V, N, Mekhedov, K. O,
Oganesyan, V. Ye. Rozhkov, A. M, Rozanova and M. I, Fateyeva, Analo-
gous changes were found in the olfactory and guntatory analysors of
persons subjected to massive local irradiation (L., B. Koznova, M. P,
Domshlak, N. G. Darenskaya, G. F. Nevskaya, V. I. Nesterova, N, Ya,
Tereshchenko). ‘ '

A change in the vestibular analysor of irradiated animals was
found by V, V, Petelina, Quastler, O, I, Chulkova. Phase changes of
the functional properties of an internal analysor were observed by V. A,
Chernichenko, Yu, M. Zaretskaya, Ye, A, Komarov, N, S, Delitsina and
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others, Ionizing radiation of an Orpanism was observed to have also
changed the functional state of the visual analysor's afferent component
(Lipetz, A. B. Tsypin, G. G, Demirchoglyan; G. T, Adunts, Ts, M, Avak-
yan, Motokawa and coworkers),

Therefore, functional changes in analysors may take place either
in direct ionizing radiation or in irradiation of remote segments of
the body. The change can be brought about by either systematic ir-
radiation in small doses or by short-termed irradiation in large doses.
As a rule, the indicated changes are manifested by a reduction of ana~-
lysor sensitivity to supplementary stimulation, However, in & number
of cases (e,g., irradiation of visual and cutaneous analysors) the
analysor reacts to the radiation by an increase of specific activity,
A number of important problems related to functional changes in ana~
lysors during ionizing radiation has not been sufficiently studied,
What is primarily unclear is the mechanism by which the changes occur
in the receptors. The fact that they occur during irradiation of re-
mote sections of the organism indicate the possibility of their in-
termediary origin., However, the correlation of direct and intermediary
changes, the significance of changes occurring in irradiated internal
organs have in fact not been studied to date. Therefore we assumed
the task of investigating the correlation between changes in receptors
subjected and not subjected to irradiation and related and unrelated
functionally to the frradiated organs.

The investigation was carried out during a clinical physiologi-~
cal study of patients with cancer of the uteral cervix who underwent
X-ray therapy., The cutaneous receptors and visual analysor were exam-
ined in 24 patients prior to irradiation and 30 minutes after irradi-
ating the repion of the parametry (300 r on both fields consecutively),
The state of the receptors was examined by determining the sensitivity
threshold to a constant electric current and by measuring the chronaxy
with the aid of an ISE-01 impulse electronic stimulator. An inert
electrode of 100 cr in area was attached to the dorsum for determining
the sensitivity threshold and chronaxy on the anterior surface of the
trunk and visual chronaxy, or to the chest for determining the sensi-
tivity threshold and chronaxy on the back, All investigations were
conducted always under uniform conditions at the same hours of daylight
illumination on the premises, We used an electrode 1 sq mm in area
for determining the sensitivity threshold and cutaneous sensory chron-
axy. During this examination the patients were placed in a horizontal
position, The functional condition of the receptors were examined at
strictly defined points, as practiced in Chinese medicine (Chzhen'-tszu
therapy), reflexly related to the internal organs (lungs, liver, stom-
ach, intestine and urogenital organs),

1. Foint shu-fu, reflexly related to the lungs, located at the
lower edge of the clavicle two proportional tsuns away from the medial
line of the body (one proportional tsun for points located on the chest
and back is equal to 1/7 of the distance between the xiphoid process
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and the umbilicus, and for points located on.the back, 1/5 of the dis-
tance between the umbilicus and the upper margin of the-pubic sym=
phisie),

2. "Point lin-syui, reflexly related to the lunga, located {n
the third intercostal, two proportional tsuns.away from the medial
line,- ' . .

3. Point shi~dou, reflexively related on the right side to the
liver, located in the fifth intercostal, six proportional tsuns away
from the medial line.

4, Point da-bao, reflexively related to the liver on the right
side, located at the level of the middle subaxillary line in the sixth
intercostal,

5. Point u-shu, reflexively related to the urogenital organs,
located above the anterior iliac spine on a transverse line three pro-
portional tsuns below the umbilicus,

6, Point tszyui-tsyue, reflexively related to the stomach, lo-
cated one proportional tsun lower than the xiphoid process,

7. Toint tszyan-11, reflexively related to the stomach, located
four proportional tsuns lower than the xiphoid process and two tsuns
away from the medial line.

8, Point shui-fen, reflexively related to the intestine, lo-
cated one proportional tsun above the umbilicus.

9., Point vai-lin, reflexively related to the intestine, lo-
cated one proportional tsun below the umbilicus and two proportional
tsuns away from the medial line, ‘

10, Foint shui-dao, reflexively related to the urogenital or-
gans, located three proportional tsuns below the umbilicus, two tsuna
away from the medial line,

11. Point guan-yuan, reflexively related to the urogenital or-
gans, located three tsuns below the umbilicus,

12, Point fu-fen, reflexively related to the lungs, located
away from the interval between the spinal processes of the 11 and III
thoracic vertebra three proportional tsuns away from the medial line.

13. Foint geo-khuan, reflexively related to the lungs, located
three proportional tsuns away from the interval between the spinal
processes of the IV and V thoracic vertebra,

The cutaneous sensory chronaxy was measured immediately after
measuring the sensitivity threshold. The sensitivity threshold and
chronaxy was determined from large to small magnitudes, since the sub-
jects under study could determine the disappearance of the current
sensation better and more accurately than the appearance of the cur-
rent, We used non-differential skin sensation as the indicator of the
current's stimulatory action. A special optical electrode, attached
‘to the external third of the superciliary arc, was used to determine

- the sensitivity threshold of the optic analysor and optic chronaxy,
The experimental subjects were seated with their backs to the light
source (window). The investigation was conducted with eyes open,
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Feripheral colorless phosfhetie; alwaysé appearing in the temporal re-
glon of the field of vision, was used ds an indicator of the current's
excitatory action, '

The obtained data was processed statistically by the Fisher
method for related selections (according to difference); the combined
materials are presented in Tables 1 and 2, Table 1 shows the data on
measuring the sensitivity threshold.

Table 1

Average Average
tagnitude Magnitude Proba-
Before Ir- After Ir- Percent bility
- Zoint radiation  radiation  DRifference Change ~ of R

Right Rheo-base

Stu=-fu 7.47 7.10 0.37 -5.00 0.433
Lin-syui 8,85 10,31 1.50 17.60 1.000
Shi=-dou 8,50 8.58 -1.50 0.90 0.623
Da=bao 8,62 9.33 -0,70 8,20 0,040
U=-shu 8.47 8.54 0.07 0.80 0,844
Tszyan-11 9,58 } 9,41 ~0.17 . 1.80 0.379
Vay~1in 11.87 11.38 0.49 4,10 0.329
Shuy-dao 10,06 9.92 0.14 1.50 0.244
Fu-fen 10.79 10,41 0.38 3,91 0,244
Gao-khuan 10.18 9.71 0.47 4,70 0.208
Optic 4.75 4,79 -0.04 0.89 0,433

Rheo-base for the Medial Line

Tszyul-tsyue 10,25 11,00 -0.75 7.30 0,244
Shuy-fen 11.39 11.27 0.12 0.20 0.767
Guan-yuan 10.18 11.04 -0.80 8,40 0.284

Left Rheo=base

Shu~fu 7.10 6.90 0,23 2.82 0,623
Lin-syul 8,68 9,41 -0.73 9,40 0.329
Shi~-dou 8.80 8.63 0.17 1.95 0,492
Da-bao 9,48 8.81 0.67 7.20 0,009
U-ghu 9,54 8,87 0.66 7.10 0.002
Tszyan~-l11 9.72 10.07 -0.35 3,60 0,693
Vay-1in 11.80 11.40 0.50 4,10 0.339
Shuy~dao 10.37 10.25 0.12 1.20 0,84/,
Fu~fen 10,68 10,62 0,06 5.80 0,623
Gao~khuan 10,66 10.45 0,21 1.90 0,001
Optic 4.68 4,56 0.12 2.60 0.492
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. . As can be seen from Table 1, reliable changes in the sensi-
tivity threshold are related only to four points (da-bao from both
sides, u-shu from the left side and gao-khuan from the left side).

The remaining changes are not certain. Three of the points which
showed reliable changes were not subjected to direct irradiation and
were not reflexively related to the irradiated organs (da-bao from
both sides and gao-khuan from the left side), The sensitivity thres—

. hpld increased in the poant da-bao from.the right side, and decreaaed
in the points da-bao and u-shu, both from the left side. Only one’
point (u-shu) proved to be reflexively related to irradiated organs

-(urogenital system).

Table 2, constructed analogously to Table 1, shows the data on
chronaxy changes. All the average magnitudes, obtained after irradia-
tion, were smaller than the original ones, and all shifts were reliable,

Table 2

Average - Average ) ) ) ‘ ’

Magnitude Magnitude _ ‘ " Proba-

Before Ir~- After Ir- Percent  bility

Boint xadiation  radiation - 21££s:=nss. Change . of R

Right Chronaxy

Shu-fu 0.205 0.127 . 0.078 38.1 0,021
Lin-syui 0,170 - 0,117 0.053 . 31.1 0,000
Shi-dou 0.170 0,090 0.080 47.1 " 0,000
Da-bao 0.180 0.110 .. 0,070 . 38,9 0.000
U~-ghu 0.214 -0.110 0.104 48,6 ~ 0,003
Tszyan-1i 0,216 0.121 0,095 . 44,0 " 0,000
Vay~1in 0,200 - 0,122 - 0.078 40,0 ' 0,000
- Shuy-dao 0.149 0.068 0,081 54.4 0,000
Fu-fen 0.208 0.145 ‘ 0,063 .30.3 0.000
- €ao-khuan 0,186 0,130 0.150 30,2 0.001
Optic 1.100 0.950 0.150 13.7 0.003

Chronaxy for the Medial Line

. Tezyui-tsyue 0,230 0.140 0.090 8.1 0.000

Shuy-fen 0,220 0,120 0.100 45,5 0.000
Guan-yuan 0.228 0,104 0.124 Sh.4 0,040

Left Chronaxy

Shu-fu 0,219 0.139 0.080 .  36.5 0.000
Shi-dou 0.175 0.103 0,072 41.2 0.001
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Average Average o
Magnitude Magnitude : . Proba~

Before Ir- After lr~ Percent bility
Eoint radiation  xadiation  Riffexrence Change ~ of R _
Da-bao 0.170 0.100 0.070 41.2. 0.000
U-shu 0.220 0.110 0.110 . 50.0 0.000
Tszyan-11 0.184 0,113 0.071 38.6 0.000
Vay-lin 0,200 0.120 0.080 40,0 0.001
Shuy-dac 0.175 0,070 ‘ 0.105 59.5 0,000
Fu-fen 0,210 0,140 0,070 33.4 0.000
Gao-khuan 0.190 0.130 0,060 31.1 0.000
Optic 1.120 0.960 0.160 20,0 0.000

The greatest changes (from 54 to 597) were recorded in the
points shuy-dao and guan-yuan from both sides, located in places of
direct irradiation and related to the urogenital organs which were
irradiated, Then, in order of decreasing chronaxy changes, come the
points sjuy-fen, vay=-lin, reflexively related to the irradiated in-
testine, the points tszyui-tsyue and tszyan-1i, reflexively related
to the intestine not directly irradiated. The smallest changes were
recorded in points lin-syui, fu~fen and gao-khuan from both sides,
These points are reflexively related to the lungs. Their chronaxy
changes were from 29,5 to 30.2%. The chronaxy changes in all points
were approximately symmetrical. The optical chronaxy showed the small-
est changes, decreasing by 13.7% from the right, and by 207 from the
left,

Five laboratory coworkers, whom we used as a control, were sub-
jected to a dual measurement of sensitivity threshold and chronaxy at
a one-hour interval. These indicators showed no noticeable changes,

The obtained results show that there is a change in the func-
tional state of receptors in organisms undergoing ionizing radiation.
As was seen from the brief review of the literature, ionizing radia-
tion of receptors results in either an increase or decrease of the
densitivity threshold depending on the dose and period of irradiation
followitig the change. Our investigations did not conclusively show
any changes in the sensitivity threshold with the exception of four
points which were not directly irradiated and reflexively related to
non-irradiated liver, lungs and irradiated urogenital organs, Chron-
axy, which is an index of lability and reflects both the properties
of a nerve and the state of the central nervous system, i8 a more sen~
sitive indicator of ionizing radiation's effect on the functional con-
dition of the nervous system, As a rule, we observed a decrease in
the chronaxy which indicates an increase in receptor lability during
ionizing radiation, .

Our investipations showed that the changes in the functional
condition of receptors were observed both in the regions of irradiation
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and in.rerote points reflexively unrelated to trradiated organ-,;

This indicates that the initiating mechanism is‘affected by a change
in the centers of the nervous system; reached by impulses. ftom irradi-~
atad sections of the body or acted upen by lubltanccn fotqu in the
irradiated regions and circulating in the. blood, However, the,ir-
tadiated sections reflected greater changes, which indicates the di-
rect action of radiation on the receptors or on the tissues surround- -
ing them, as well as the possible reflexive influence of irradiated .:
orpans.,
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LUMINESCENT-MICROSCOPIC EVALUATION OF THE BLOOD
AND BONE MARROW DURING X-RAY IRRADIATION

lFollowing 18 a translation of an article by V. A, Kolpa-
kov, Department of Roentgenology and Radiology of the
Yaroslav Medical Institute (Chairman, Professor M, M,
Popov), in the Russian-language periodical

radiologiva (Medical Radiology), Vol, VII, No, 11, 1962,
pages 50-53,/ .

The luminescent method for studying the early reactions of or-
gens and tissues to external radiation is quite promising. Data in
the literature indicate definite morphological and cytochemical changes
in the blood and bone marrow of irradiated animals, as shown by fluo-
rescent dyes (M, N, Meysel', B, A, Sondak, T. M, Kondrat'yeva, 0. S,
Klimenko, M. Ya. Khodas and others).

However, the results obtained by various authors are not iden-
tical, and sometimes contradictory. O, S, Sergel' and A. A. Klimenko
obtained a green coloring of nuclear cell elements under normal con-
ditions as well as red, which several authors consider to be a conse-
quence of cell injury (M, Ya. Khodas)., What is still unclear is the
correlation between the fluorescent color change upon coloring with
acridine dyes and the extent of cell injury, Unstudied is the effect
of a number of physical, chemical and biological factors, many of ‘
which influence the luminescence of the elements under study.

We studied the effect of general external X-ray irradiation on
the luminescent pattern of the blood and hone marrow of white rats
with respect to laboratory conditions and the activity of certain
factors (pH rediur, time of dyeing, mechanical compression of the
preparation), The rats were irradiated at doses of 200, 500 and 700 r
(180 kv, 15 mA, filter -~ 0,5 mm Cu, distance =- 30 cm, dose concen-
tration ~=- 69 g/min). A working solution of orange acridine fluoro=-
chrome in concentrations of 1:500 to 1:10,000 were prepared immedi-
ately before examinations in buffered isotonic mixtures. In order to
obtain more stable results, the blood was fluorochromed in a blender
with dyes at a ratio of 1:10, The time for dyeing was from two min-
utes to five hours.
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The study was conducted with the aid of a MBR-1 microscope in
the blue-violet region of the spectrum according to the method of
crossed filters, The principal features of our methodology included
the use of a dark-field condenser, an auxiliary filter which elimi-
nates the basic Z2hS-17 type fluorescence and a specially mounted 1l-
luminator with a K-22 cine-lamp (30 V, 400 W) which allowed the use
of strong lens for magnifications of 600 to 800 times. This made it
possible, under other similar circumstances, to use lens of less mag-
nification but with a greater depth of acuity. Ordinary dark field
and luminescent microscopy of bone marrow and blood in non-irradiated
rats was used for basic control tests,

The effect of the reaction medium on the luminescent pattern
was studied by preparing a working mixture of blood or bone marrow
with fluorochrome in buffered solutions at pH 4, 5, 6, 7, 8, and dye
concentrations of 1:10,000, In both the irradiated and control ani-~
mals, at a pH of 4 the nuclei of the cellular elements were dyed
moderately, but the cytoplasm had a faint green color. There was no
red cytoplasmic granulosity of the leucocytes and bone marrow ele-
rents, nor the fibrous network of the reticulocytes. There was a
significant 'discoloring" of the preparation under the effect of
blue-violet rays, which apparently depended on the small arount of
dye related to the given pH.

As soon as the blood on the pglass slide contacted the fluoro-
chrome. (primitive humid chamber), a brick-red luminescence of the en-
tire mass of erythrocytes was obtained. A similar luminescence did
not occur during a correspondingly equal blood dyeing time in the
blender, but did show up only in significant concentrations of the
dye (about 1:500) in the working mixture. Therefore, we started to
dye the blood in the blender and examine it immediately after placing
it under a cover slide, When the blood being dyed was left in the
blender for more than 1 1/2 to 2 hours, radiation-type cell injury
took place, as demonstrated by the protusion (potocytosis) of the
nuclear content into the cytoplasm, and its homogenization without a
color change in most cases. Large red granules and optically clear
vacuoles appeared in the cytoplasm of the cells. In some of the cells
with an ordinary green-colored nucleus, strong Brownian movement of
granules took place in the cytoplasm, which, according to certain data
(Ye, I. Freyfel'd), indicates cellular death, We observed green-
colored nuclei in cells whose cytoplasmic contents had proliferated
into the surrounding medium,

The acquired data make it necessary to cautiously evaluate the
pattern of radiation injury to blood cells and bone marrow dyed with
acridine oranpe only on the basis of color change., The data must be
aupmented by a consideration of the structural changes of the nucleus
and protoplasm,

One must also remember the possibility of injuring the cells
by compressing them under the cover slide for the purpose of increasing
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the contrast and clarity of the elements under study, These types of
cell changes are accompanied by a coarsening of the nuclear chromatic
structure, and in more acute cases, 'potocytotic" phenomena and the
formation of variously sized non-luminelcent zones of cytoplalm around
the nucleus,

The above~described changes in blood cells and bohe marrow also
occurred in X-ray irradiation, Depending on the dose and time of
initial irradiation, the cellular elements show initial destructive
nuclear changes followed by fragmentation without color changes, de-
struction of the nuclear membrane and the passing of the .nuclear con=-
tents into the cytoplasm, Large red granules were formed in the cyto-
plasm of peripheral leucocytes followed by the conversion of some
cells into homogenous astructural formations of a red color. This
conversion was actelerated by blue-violet ray illumination of the
cells, The bone marrow demonstrated similar changes at ‘an earlier
period, Thus, in rats irradiated at a dose of 500 r and killed six
hours after irradiation, there were red, astructural, diffusely col-
ored cells along with the green colored injured cells, ' In some of
them one could see clear red inclusions, similar to the residue from
degenerated nuclei,

An important fact is the clear disappearance of the lurinescent
reticulocytes from the blood of the irradiated animals, which is re-
lated to the dose size, These elements were not demonstrated in rats
irradiated at a dose of 700 r for three days. The disappearance of
the reticulocytes was not observed in the blood of rats irradiated at
a dose of 200 r (an analogous disappearance of reticulocytes was ob-
gserved in blood remaining in the blender for more than 1 1/2 to 2
hours),

We did not observe luminescence of erythrocytes as a conse-
quence of even small radiation doses -- 500 to 100 r (0. S, Sergel!'
and A. A, Klimenko), It is quite possible that it does occur at sig-
nificantly greater doses, as described by M, N, Meysel' and V. A, Son~-
dak, However, in investigating the blood of persons with various
color indicators and amounts of erythrocytes, luminescence of these
elements took place only in high concentrations of dye (1:500 to
1:1,000) and did not depend on the indicators of erythrocytes,

Conclusions

1. pH 7 or 8 are optimal for fluorochroming of blood and bone
marrow elements with acridine orange.

2. The luminescent color change of blood and bone marrow in
irradiated animals upon dyeing with acridine orange cannot be a re-
liable criterion for evaluating the gravity of radiation sickness,

3., A proper evaluation of the degree of injury to cellular
elements must include a consideration of the cellular structural
changes,
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4, 1In view of the high degree of sensitivity of the lumi~-
nescent method to changes in the laboratory conditions, it is essen-
tial to carefully standardize them in order to obtain reliable and
uniform results.
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TREATMENT OF RADIATION.SICKNESS
BY HOMOTRANSPLANTATION OF FRESH AND PRESERVED SPLEEN

LFollowing is a translation of an article by V. A, Revis,
Kalinin Medical Institute of the Oblast Clinical Hospital
(Chief Fhysician -- Honored Physician of the RSFSR A, A,
Sokolov), in the Russian-language periodical

radiologiva {(Medical Radiology), Vol, VII, No,.11, 1962, .
pages 65-73,/ o : .

" The great interest expressed at the present time in transplanta-
tions of hemopoietic tissues in radiation sickness is primarily due to
the protective action which they afford in this serious pathological
condition, ' It is known that hemopoietic organs are very sensitive to
ionizing radiation, and therefore many authors attribute a leading
place to their affectation in the complex and varied pathogenesis of
acute radiation sickness, It is therefore understandable that among
the many various means and methods proposed for the treatment of radi-
ation sickness, transplantation of hemopoietic tissues is considered
to be most pathogenetically directed.

The utilization of hemopoietic tissues, particularly those of
the bone marrow, as a protective against acute radiation sickness has
been amply elucidated in the literature, so we shall merely cite the
principal works which directly deal with transplanting spleen.

The first: report on the protective role of spleen in radiation
sickness was made in 1949 by Jacobson, Simmons, Block and was later
confirmed by innumerable experiments with shielded spleen during X-ray
irradiation of animals (N, I. Shapiro and co-authors, 1955; V. Ya.
Lavrik and G, I, Levchuk; L, I, Geller; Jacobson, 1952; Langendorff,
Koch, Sauer; Jacobson, Simmons, 1960), These works showed that lead-
shielded spleen, separated externally in surgery or located in the ab-
dominal cavity,: but shielded by various means (extra- or intra-
abdominally), markedly increases animal survival during X-ray irradi-
ation (up to 70 to 76% in comparison to 100% death in the control),

On the other hand, '‘acquired data indicate that extirpation of the
spleen leads to a significant increase in the mortality of irradiated
animals (Riventos; Yu. M. Zaretskaya, 1960, and others). All of these
observations initiated the concept of '"the protective factor of the
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spleen," the logical culmination of which was the attempt to trans-
plant spleen for the purpose bf treating acute radiation sickness,

Jacobson &nd coworkers (1951) showed that the implantation of
spleen into the abdominal cavity of mice irradiated with a dose of
1,025 r markedly increases their survival. Even better results (up
to 70% survival) were obtained by authors who injected spleen suspen-
sion intravenously,

Further work in this area, constituting different variations of
Jacobson's experiments, was undertaken to clarify the protective ac-
tion of spleen on an irradiated organism during implantation and plas-
tic transplants, during administration of homo- and heterogenous
spleen suspensions, and non-cellular extracts of spleen tissue, A
number of authors succeeded in obtaining a definite protective effect
during irradiation from spleen transplants into the abdominal cavity
(Barnes, Loutit, 1953; Vogel ‘and coworkers; V, P. Teodorovich), under
the renal capsule (May, Thillard), and subcutaneously (A. G. Kara-
vanov and coworkers), Thom observed a therapeutic effect when admin~-
istering spleen homogenates both intravenously and intra-abdominally
to white rats irradiated at a dose of 800 r, Several investigators
obtained a good therapeutic effect by administering suspensions of
spleen cells intra~abdominally to the irradiated animals (Cole, Ellis,
Thom), and others, by intravenous administration (Soska, Drasil; Sul-
livan, Stecher, Sternberg)., These experiments on various animals
showed that spleen honogenates quickly restore the functions of hemo-
poietic organs and increase the survival of irradiated animals by 22,
75 and 100% (by various authors).

Of interest are the sttempts to use non-cellular spleen ex-
tracts for the purpose of preventing acute radiation sickness (El~-
linger, 1956, 1960). Goldfeder, Clarke observed a protective effect
of these extracts when irradiating mice and guinea pigs at doses of
425 and 700 r, whereas Miya, Thorpe and Marcus did not get such good
results, According to their observations, the mortality of mice
treated with spleen extract was the same as that of the control ani-
rals., It is essential to emphasize that there was much contradiction
among the research data of many authors on the protective effect of
spleen transplants and preparations in the form of iso-, homo- and
heterogenous horogenates and non-cellular extracts. Along with the
favorable therapeutic effect obtained by experimenters in the above-
indicated work, one may cite a number of instances where the authors
could note no marked therapeutic effect from this method of treating
radiation sickness, Other authors obtained a completely opposite re-
sult in the form of aggravation of the radiation reaction and an in-
crease in the mortality of animals to whom splenic tissue was admin-
istered (Mandart, Lambert, Maisin; Rudali, Bonet-Maury; Santos, Cole,
Yu, M, Zaretskaya, 1958, 1961),

While we cannot thoroughly analyze the reasons for so many con-
flicting results, we would point out that in a number of works under-
taken to clarify this point it was shown that the degree of the
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spleen's protective activity during irradiation depends on the type of
the experimental animal, the age and visual characteristics of the
donor as well as the route of administering the spleen tissue (Friedell,
Salerno; Jacobson, Marks, Gaston, 1956; Makinodan, Gengozian, Shekarchi;
Deniell, Crosby)., All of this indicates that the problem of trans-
planting splenic tissue in acute radiatfion sickness is still not

solved, and requires further intensive study and research.

In the beginning of our own work we treated acute radiation
sickness in rabbits by using homoplastic transplantations of native
(fresh) spleen from a healthy donor, and after having developed a
method for preserving it, conducted a series of transplants with pre~
served spleen.

The experiments were conducted on rabbits of the same species
of five to six months of age, weighing from 2,6 to 3 kilograms, The
animals were irradiated dorsally with a RUM-3 X-ray therapy machine
under the following technical conditions: voltage =-- 180 kV, current
strength -- 10 mA, filter == 0.55 mm Cu and 1.0 mm Al, layer of semi-
dilution =- 0,8 mm Cu, focal distance -- 40 cm, irradiation dose =--
1,100 r, An evaluation of the gravity of the developing radiation
sickness was made by estimating the following indicators: general con~
dition and behavior of the animal, systematic examination of the blood
and hemopoietic bone marrow, determination of body weight and skin
temperature, In addition, we considered the survival of the animals
and the pathological autopsy findings in the deceased animals, In
order to clarify the protective mechanism of the spleen transplants
against radiation sickness, we sectioned the animals at different
timas after irradiation for histological studies,

The control series of animals, irradiated at the same doses,
congisted of fifty rabbits of which only seven survived, Five animals
died during the first 24 hours, or more accurately, within the first
few hours following irradiation from X-ray shock. The remaining 38
died from the second to 33rd day, with the majority (20) dying between
the 11th and 18th day after irradiation, A severe form of radiation
sickness developed in the control rabbits irradiated at a dose of
1,100 r., A worsening of the animals' general condition was observed
at the onset of the third to fourth days: refusal to est, severe
thirst, catarrhal phenomena of the conjunctiva, nasal mucous, diarrhea
in half of the animals, and an intensive loss of hair in the majority
of animals, During the course of a week, the rabbits lost from 300 to
1,100 grams in weight, and up to an additional 250 to 300 grams by the
18th to 20th day after irradiation, The animals' temperature was sub-
febrile for the first three days after irradiation, but from the fourth
to fifth days, the temperature range was constantly between 39 to 419,
Regular changes were noted in the peripheral blood: during the first
24 hours after irradiation there was a neutrophilic leucocytosis of up
to 21,600 cells per 1 cu mm of blood and a significant decrease in the
lymphocyte count, a rapid decline in the leucocyte count in one to two
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days which attained the loweet level by the third to fifth days (540
te 960), by this time the number of Iymphocytes was sc amall that a
percentage calculation ¢ould not be wade, and s shift to the right
vas cbserved in the formula, From the £1fth to seventh dav following
{irradiacion, the nunher of Yeucacytes began to gradually incresse.

As a vule, by the 12th to 15th day there was a second cecrease in the
number of leucocytes, hut not as lerge ss the first, Leukopenia did
not axceed 1,500-2,000 celles per 1 cu mn, A final norralization of -
the leucocytes took plece by the 60th day sfter irradiation {see dia-
gram),

] ‘ Changes in the leucocyte count of
- peripherel bloed of centrel and

tust rabthits (irradiation dose,

1,100 ),

wwwmm cOntrol

el 11:3"

leunccevte count,

thousands

IS0 W &
davs of abservetion

The erythrogyte and hemoglobin content, beglianing with the sec~-
ond to third day after Jrradiation, slowly decreaved up to the 40th day
after irradiation, hut did pet lower then 50-55% of the oripinal level,
The erythroeyte sedirentetion reagtion in the rejority of the rabbits
during the clinicel developrment of the dfsoase ranged from 28 to 40 om
per hour, a-7 60 to 70 rm in some of ther, The suppression of bone
rarrow hemopoiesis in the control enirdie centinued for an averape of
10 to 13 days. The nuclear eell count of the done marrow was the iow-
est durins the seventh to thirteenth days affer irr diation, fror 8,000
to 12,000 cells per cutlc millireter leccordine to ocur date the vore
was 10,500 cells per cubic millimeter). The severe course of acute
radiation sickness in the control rabbits was respensitle for their
high mortality,

The second series of experirents, conductad on fifty rabbits,
was for the purpose of explaining the protective action of homoplastic
spleen transfar in ecute redfation sickness, The method of irradi-
atinp the animals and Jorape were the same as in the control series
of experiments, sad the ssre tests were used to evaluate the severity
of developing radiation sicinmess,

Twenty-four hours after irrediation, using local aneathesis,
we transplanted & half spleeng 0,75 to 1 grum i{n weight, of & healthy
rabbit-doner., The rethod of operation was the foliowing: In the re=
plon of the animal's spine, a4 1 to 1.3 om incicion was made of the



skin and subcutaneous tissue up to the aponeurosis, With the aid of
a blunt instrument, a '"pocket" was formed in the subcutaneous adipose
tissue where half of a spleen, freshly removed from the donor, was.
transplanted, The wound was tightly sutured with 2-3 nodular silk
stitches.

" The survival of the irradiated animals after the fresh spleen
transplant in comparison to the control date is shown in Table 1
({rradiation dose, 1,100 r).

. Tabbe ¥

Character of Number of Day of Death
Exnszim:ns__ Exasximsn&s. 1st 2nd 3:n. é:h ath 2th 8th 2th . 10th
Control rab- .50 5 2 1 - 2 3 4 2 2
bits < . .
Rabbits with 50 - m- - 1 1 == == == 2
transplanted
stleen '

Dmf_nnm - Sur-

'4 6 -~ 3 . 4 3 - - 1 1 7

- - 1T - 2 3 1 N

Of the 50 animals with the transplanted spleen, 38 survived and
the remaining 12 perished between the fourth and twentieth days after
irradiation. 1In analyzing the rabbit mortality of this series, we
turned our attention to one interesting circumstance. As a rule, both-
rabbits receiving the transplanted spleen from the same donor died (one.
donated spleen was transplanted simultaneously to two irradiated rab~
bits). This gives us reason to assume that spleen does not have the
sare full protective properties in all rabbits,

The clinical pattern of acute radiation sickness in rabbits
after spleen transplantation was significantly less severe than in the
control animals. The maximum weight reduction in the first ten days
after irradiation did not exceed 1,000 g, and ranged from 350 to 450 g
in the majority of rabbits. Catarrh of the ocular conjunctiva and
upper respiratory tract was noted in 12 and diarrhea in 9 animals,

The temperature in 16 ‘of the rabbits was sub-febrile, and the tempera-
ture curve in the remaining animals ranged between 38 and 39°, 4s a
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rule, the wound suture at the sight of the spleen transplantation was
of primary taughtness. Only in two rabbits was there suppuration of
the wound. They both subsequently died on the 10th and 14th days after
irradiation,

Blood changes 24 hours after 1rrad1ation, immediately prior to
transplantation were the same as in the control animals. In the fol-
lowing days the leucocyte count progressive decreased, and reached a
minimum count on the fifth day after irradiation, In contrast to the
control data, the minimal leucocyte count by this time ranged from
1,200 to 1,600 per cubic millimeter of blood. Only in a few rabbits
did the leukopenia reach 1,000 cells per cubic millimeter. Lympho-
penia was noted in all of the rabbits beginning with first day after
irradiation, although the lymphocyte count in. the majority was not
lower than 10% in one week, Characteristically, the lymphopenia in
the rabbits with the transplanted spleen was a stable symptom for a
prolonged period of time, and held at a 10-15% level for a month. In
15 animals the lymphocyte count reached a normal level during the
fifth week after irradiation. In the remaining cases, in spite of
the good condition of the rabbits and virtually complete recovery,
the lymphocyte count remained in the range of 507% of the original
count for a period of 1 1/2 to 2 months, Normalization of the total
leucocyte count took place in the rabbits after spleen transplantation
by the 45th to 50th day after irradiation. The erythrocyte sedimenta-
tion reaction in 26 of the animals ranged from 30 to 50 mm. per hour,
and from 10 to 30 mm per hour in 12 animals,

The suppression of bone marrow hemopoiesis in the test rabbits
lasted for the same time as in the control animals (10 to 13 days),
although the maximum decrease in the bone marrow nuclear cell count
did not exceed 13,500 to 19,000 per cubic millimeter during the 6th
to 12th days after irradiation. Of additional interest was the pro-
longed (up to a month) decrease in the lymphocyte count of the bone
marrow which indicated the persistent decrease in the number of. these
cells in the peripheral blood,

Therefore, the experiments with homotransplantation of fresh
spleen to irradiated rabbits showed that this method of treatment is
an effective means of protecting rabbits from radiation sickness and
significantly increases their survival.

Nevertheless, we proposed that the practical value of the in-
dicated method for treating radiation sickness would be much greater
if a method for preserving hemopoletic tissue were developed, which
would make it possible to retain their protective-biological proper-
ties against irradiation for as long a time as possible, Therefore,
we assumed the task of developing an effective method for preserving
and storing spleen,

Recent advances in the preservation of homotransplants were
made by developing a method of preserving tissues by freezing at low
temperatures. This method makes it possible to create conditions
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which lower the antigenicity of the ttansplanta and at the same time
eliminate the biological incompatibility of the tissues as well as
insure prolonged storage and yetention of viability. The freezing
method was given added impetud when it wés established that glycerine
solutions have a remarkable property of protecting live cells from
injury during freezing up to -800, after which they are able to fe-
sume normal activity (Polge, Smith; Smith, Sloviter; Barnes, Loutit,
1955; Billingham; Thomas, Lochte, Lu, Ferrebee; L, M, Spizharskaya

and T, K, Mamysheva; Yu, F. Neklasov; A. G. Fedotenkov, N, A. Mefedova,
1. P, Dishkant),

We preserved spleen by freezing at -75° for 24 hours in various
preserving media: in preservative TsOLIFK-7 (Tsentral'nyy ordena
Lenina institut gematologii i perelivaniya krovi -- Central Institute
of Hematology and Blood Transfusion of the Order of Lenin), both pure
and with 307 glycerin added (by volume), in glycerin solutions of
various concentrations (100, 30 and 15%) and in autolytic serum., The
preserved material was transferred to a refrigerator after 24 hours
where it was kept at 15° from 10 to 45 days up to the time of trans-
fer, Prior to transfer, for the purpose of removing the preservative
and defrosting, the spleen was placed in a sterile physiological solu-
tion for 10 to 15 minutes with a small amount of penicillin at a tem-
perature of_37°, after which it was transplanted to the irradiated
recipient /See Note/, The best results from the standpoint of pre-
serving the morphology of the spleen tigssue was obtained by preserving
the material in TsOLIFK~-7 with 307% glycerin and in a 307 glycerin so-
lution, apd sgmewhat worse in a 157 glycerin and blood serum solution,

(/Note/: A more detailed method of preserving hemopoietic tis-
sue is described by us in the journal '"Froblemy hematologii i perili=-
vaniya krovi" (Problems of Hematology and Blood Transfusion), 1961,
No., 9.)

A study of the morphological chanpges that take place in the
spleen as affected by the preservative in 307 glycerin and preserva-
tive TsOLIPK-7 with 30% glycerin showed that freezing at -75° in one
day does not cause any changes in the histological pattern of the
splenic tissue which in no way differs from fresh tissue. No mor-
phological changes in the spleen were observed up to the thirtieth
day. Beginning with the 31st or 32nd day, sections with nuclear cell
deformations began to appear in the preparations alongside normal
spleen tissue. The former took up dyes somewhat more weakly. The in-
dicated changes were the only ones up to the 45th day of preservation.
In spleen preserved in 157 solutions of glycerin and autolytic serum,
nuclear cell deformations and their weaker dying capacity were observed
on the 23rd or 25th day of preservation, although there were no signs
of tissue necrosis or autolysis up to the 45th day.

Thus, our method of preserving spleen guarantees good preserva-
tion of structure up to 45 days. However, we were also interested in
how well the protective-biological properties of splenic tissue were
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retained during preservation and in acute radiation sickness after its
transfer to irradiated recipients. To do this, one-half of a donor's
spleen, preserved by the indicated methad was transplanted to 60 rab-
bits 24 hours after a total X-ray. irradiation at a dose of 1,100 r.
The technique of irradiating the animals.and transplantations were
analogous to those which were adopted:in the preceding séries of ex-~
periments, Thirty rabbits received spleen preserved in preservative
TsCLIPK-7 with an addition of 20% glycerin preserved from 20 to 45
days, Thirty rabbits received spleen preserved in 307 solution of
glycerin at’ the same period of preservation. The survival of the ani-
mals irradiated at a dose of 1,100 r following the transfer of the
preserved spleen is indicated in Table 2, ’

4

Table 2
Period of
Number of Preserva- _Day of Death
th_mgumm Experiments tion, davs Zth 10th 12th
Transfer of spleen, 15 20 -— - 1
preserved in preserva- '
tive
TsOLIPK-7 + 307% glycerin 15 , 45 -2 -
Transfer of spleen, 15 20 - 1 -
preserved in 307 15 45 R 2
glycerin , .
Dav_of Death Sur-
13th 14th 16th 18th 19th 21st 30th wived
- - 1 - - - 1 12
1 - -- 1 1 - -- 10
-- -~ - 1 - 1 - 12
- 1 - 1 1 - - 9

Thus, of the 60 rabbits irradiated at a dose of 1,100 r, 43 sur-
vived in comparison to the survival of the control animals (7 out of
50). This indicates that the protective-biological properties of the
spleen against irradiation is retained during its preservation process,
A lengthening of the preservation period from 20 to 45 days has someé’
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effect on the survival of the irtadiated recipients, since 24 out of
30 animals survived in the transfer of spleen preserved for 20 days,
and 19 out of 30 rabbits survived in the transplantation of spleen
preserved for 45 days. Judging by the survival, the difference in
the preserving medium (preservative TsOLIPK-7 + 30% glycerin or 30%
glycerin) does not have an important effect on the retention of the
"protective factor" of the spleen during its preservation,

The clinical pattern of acute radiation sickness in rabbits
irradiated at a dose of 1,000 r and having received preserved spleen,
is practically the same as that which was observed in rabbits after a
transfer of fresh spleen, although certain symptoms would indicate a
more severe course of the disease, The temperature in 23 animals was
sub-febrile, in 25 it remained steadily between 38 and 390, and in
12, varying up to 41°, The minimal reduction in the leucocyte count
of the peripheral blood ranged from 1,000 to 1,400 cells per cubic
millimeter, The leucocytes in the rabbits of this seriees became nor-
mal 45 to 55 days after the inception of irradiation.

In comparing the dynamics of the morphological changes occur~
ring during various stages of the transplantation with the indicators
of the functional condition of the frradiated recipients and their
survival, a definite judgment can be made with respect to the mecha-~
nism of the protective action of the spleen transfer in acute radia-
tion sickness, To do this, we made excisions of transplanted spleen
in the surviving rabbits together with the surrounding tissue for his-~
tological studies on the 6th, 8th, 10th, 12th and 14th day after ir-
radiating the animal, The excision was made under local anesthesia
aseptically, The histological preparations of the spleen transplants
were dyed by two methods: hematoxilin-eosin and azure 1l-eosin,

A serial study of these preparations showed that the spleen
transplant, transferred to the subcutaneous tissue of the irradiated
recipient, retains its structure for &4 to 5 days after irradiation,
From the 7th to 8th day after irradiation certain necrobiotic processes
begin to rapidly grow in the transplant. Eight days after irradiation
the spleen transplant already looks like a astructural mass. Rarely
does one find preserved walls of small arterioles around which are in-
significant amounts of weakly dyed cells. On the 10th and 11th day
after irradiation, the spleen transplant undergoes complete necrosis,
The same changes take place in the transplants of preserved spleen,
although the necro-biotic processes begin later than in the trans-
plants of fresh spleen (on the 9th and 10th day), and the conversion
into the astructural necrotic mass is observed on the 15th to 17th
day after irradiation.

The results of the macro- and microscopic investigation of
transferred spleen transplants showed that the mechanism of its pro-
tective action cannot be explained by the formation of extra-medullary
foci of hemopoiesis in the irradiated recipient due to the adaption
of the transplants, Humoral stimulation of the irradiated organism
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and its hemopoietic system is a more probable path. This is indi-
cated by the significantly lighter course of Aoute radiation sickness
in these animals and the lesser suppression.of hemopoiesis, and by, .
the data from the histological study of the transplants which demon-
strate that there i8 no adaption in the subcutaneous tissue oﬁ the '
recipient,

'Conclusions

1. Transplantation of fresh spleen has a definite therapeutic
effect in acute radiation sickness in rabbits irradiated at a dose of
1,100 r, This effect is manifested by an increase in animal survival
and a less severe clinical course of radiation sickness,

2, Preservation of spleen by daily freezing at -75° in glyce-
rin media and preservative TsOLIPK-7 insures good retention of spleen
tissue structure up to 45 days.

3. Preserved spleen retains its protective-biological proper=
ties against radiation sickness and transferred 20~ and 45~day pre-
served spleen significantly increases the survival of irradiated ani-,
mals and facilitates 8 less severe course of radiation sickness. v
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EXPERIMENTAL EFFECT OF SEVERAL PHARMACOPEIAL PREPARATIONS
ON RADIATION SICKNESS

[Following is a transletion of an article by A, V. Shu-
bina, Moscow, in the Russian-language periodical
Meditsinskava radiologiva (Medigal Radiology), Vol,
VI1, No. 11, 1962, pages 83-85,/

Two plant substances were tested: Aralia mandshurica and
plowed restharrow /Ononig/, as well as a chemical preparation, leuco-
gen, in acute radiation sickness, The experiments were conducted on
300 white rats weighing from 159 to 170 g, irradiated by an X-ray unit
RUM~3 at & dose of 700 r under the following conditions: voltapge =--
180 kV, current strength -- 15 mA, distance -- 40 em, filters -- 0.5
mm Cu and 1.0 mm Al; dosage strength -- 34 r/min, The aralia and
restharrow were used in 0.8 ml decoctions and the leucogen in tablets
at 0,003 g per rat. Indicators of the preparations' efficacy in-
cluded the condition of the animals, their weight, general blood
analysis with a strict consideration of changes in blood composition,
reticulocyte count, thrombocyte count and bone marrow. The prepara-
tions tested on the non-irradiated rats showed that each of them has
its own effect on the blood of healthy animals.

Two series of experiments were conducted on the irradiated
rats. In the first series aralia and restharrow were administered
immediately after completing the irradiation and subsequently every
day for a period of 30 days. No positive action resulted from this
routine, which was most clearly demonstrated by the beginning of the
15th day. The general condition of the rats was even worse than in
rats which did not receive the preparations, Survival was 57 lower
than the control with aralia and twice as low with restharrow. The
weight of the rats having received the preparations was on the average
4 to 5% higher than in the control sanimals. The preparations showed
no negative effect on the circulatory system,

Upon using restharrow on the 20th day after irradiation, the
leucocyte content was 11.3% higher than the control, hemoglobin 8.3%
higher and monocytes 277 higher, although the number of erythrocytes,
thrombocytes and reticulocytes was lower than the control (by 7.34%
and 26% respectively). Upon using aralia, the blood indicators were
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somewhat worse than in the control (the erythrocyte and thrombocyte
count decreased by 17% and lymphocytes by 21.67%), but the number of
reticulocytes and leucocytes exceeded the level of the control group
(by 37% and 5.7%7). Qualitative changes in the blood composition in
the rats from the experimental group were less. Aplasia was not ob-
served in their bone marréw (which did take place in the control),
restoration took place earlier and the megakariocyte content was
larger.

Six months after irradiation, complete vestoration of hemb=-
poiesis did not take place in the control irradiated rats and all the
blood indicators were a little lower than in the non-irradiated rats
which were tested simultaneously with the irradiated, The erythro-
cytes were restored better in the rats which received the preparations
than in the irradiated control animals, although the restoratfon was
slower than with the leucocytes., The reticulocytes vigorously regen=-
erated (their content was several times greater than normal). The
leucocyte count and the majority of leucocytic indicators were in the
normal range by this time (only in the rats having received aralia
was the leucocyte count lower then in the remaining groups). The lack
of eosinophils in the irradiated control rats was .indicative of radi-
ation sickness., The thrombocyte count in the rats receiving resthar-
row was lower than in the other groups.

At an earlier date, we acquired data (Ye. A. Abaturova, G, N,
Yelpat'yevskaya, N. K. Sviridov, A, B, Shubina) which showed that
during the first days after irradiation it was better to administer
preparations which do not increase the oxidative processes (e.g.,
leucogen). Aralia and restharrow, as was shown by Ye. A. Abaturova's
experiments, increase the oxidative processes, Apparently, this eéx-
plainse the absence of e pcsitive effect from these preparations in the
first series of experiments,

In the second series of experiments leucogen was given to the
rats immediately after irradiation, and aralia and restharrow yere
given six days later. The following groups of animals comprised the
experiments: First -~ control (irradiation); second and third -- ad-
ministration of aralia and reetharrow (on the sixth day); fourth -~
adminigtration of leucogen (on the first day); fifth and sixth ~- im-
mediate administration of leucogen, and aralia and restharrow on the
sixth day.

The last two combinations of preparations proved to be the most
favorable, During the course of the entire experiment the condition
of the rats from these groups was best, the weight fell less and was
regained faster than in the other animals, The survival of these
rats was twice that of the control animals, and 1 1/2 times when.
using leucopen, aralia or restharrow alone. The blood indicators
were significantly higher than the control even during the peak of
the radiation sickness (14th day) upon administering leucogen with
aralia, and especially with restharrow. The leucocyte count in these
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animals was 737 higher than the control, hemoglobin 23% higher, lympho-
cytes almost two times greater and monocytes 1 1/2 times higher, which
is indicative of lesser severity of the blood system infection as a
result of the therapeutic ag¢ticn of the preparations,

Upon administering one preparation, the leucocytic indicators
were also higher than the cohtrol (with the exception of the rats to
whom aralia was administered), although the erythrocyte pattern in
these animals changed more sharply., During the period of restoration
{by the 20th day), many young cells appeared in the blood of rats
given the preparations which is indicative of the vigorous regenera~
tive processes. The group of animals which received restharrow with
leucogen showed the smallest amount of qualitative changes in the
bloodo

Six months after irradiation, the irradiated control rats
which received only restharrow showed alopecia and their weight lag-
ged behind that of the non-irradiated animals, The general condition
and blood indicators of the rats which received restharrow with leuco-
gen, was closest to that of the healthy animals., Only the thrombocyte
was lower by 107, The number of reticulocytes in all groups was
sharply increased (by 2 to 5 times) in comparison to the non-irradi-
ated rats, The hemoglobin and erythrocyte ccunts were near normal,
the leucocyte count somewhat exceeded the normal (with the exception
of the rats given leucogen and leucogen + restharrow, Their leuco-
cyte level was near normal), Qualitative changes were observed dur-
ing this time, too, in all groups (cells with vacuolization of the
nucleus and protoplasm, presence of atypical cells, etc.).

Thus, the preparations under study variously effect the or-
ganism in radiation sickness, dependent upon their period of use and
combination of administration,

6289
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SCIENTIFIC CONFERENCE ON RECOVERY FROM RADIATION INJURIES

[Following 18 a translation of an article by O. V, Popov
in the Russian-language periodical Meditsinskava radio-
logiva (Medigal Radiology), Vol, VII, No. 11, 1962,
pages 92-94,/

From the 29th to the 315t of May 1962 there convened a scien-
tific conference of institutions of the Ministry of Health USSR, the
Academy of Medical Sciences USSR, and other agencies on examining the
restorative processes in radiation injuries.

In opening the conference, active member of the Academy of
Medical Sciences USSR, Professor A, B, Lebedinskiy, noted the im-
portance of studying in‘detail the restorative processes in an ir-
radiatcd organism, since prophylactic and therapeutic means and re-
covery in radiation sickness is related to the restoration of func-
tions disrupted by irradiation,

A large part of the 34 reports heard at the conference were
devoted to explaining the mechanisms of recovery in radiation in-
juries at various levels, from molecules and cells to the various
tissues and systems of the organism, Unfortunately, in a part of
these reports interesting experimental data on changes occurring
after irradiation were presented without a corresponding analysis of
the restorative process,

The report of N, V, Luchnik, N, A. Poryadkova, L, S, Tsarapkin,
N. V. Timofeyev-Resovskiy, ''The Mechanism of Recovery From Radiation
Injuries on the Cellular Level," dealt with proving the presence of a
recovery from cytogenetic injuries and an examination of several
mechanisms of this process.

The report of V, M, Mastryukova and A, D, Strzhizhovskiy con-
tained data concerning neutron irradiation., A determination of the
mitotic activity of corneal epithelium in white mice subjected to
mixed gamma-neutron irradiation, showed that the restoration rate at
a dose of 50 rad is 0,52 per 24 hours, and 0,26 per 24 hours at a dose
of 200 rad.

G. P, Gruzdev, M, I, Fedotova and Ye, N,. Shcherbova, in deter-
mining the mitotic index and amourt of chromosome aberrations in the
bone marrow cells in rats after gamma-irradiation at doses of 150 to
5,000 r, concluded thet the restorative process in the bone marrow is
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1imited by the disruption of the cell division function where qualita-
tive mitotic disruptions manifested as chromosome aberrations are the
basic factors,

S. N. Aleksandrov in his report, "The Pathogenesis of Remote
Consequences of Irradiation," indicated the partially or completely
reversible and irreversible changes occurring at specific doses and
conditions of irradiation, He examined the partially or completely
irreversible changes which were primarily later consequences of ion-
izing {rradiation, Sy

I. K. Petrovich reported interesting data on experiments on
rats beginning with the third to fifth day after irradiation, where
regenerative processes were observed in the blood system of all ani-
mals both in survived animals after irradiation at ‘doses from 50 to
400 r as well as in those which subsequently died (at.doses of 1,000 r
or higher).

T. M. Kondrat'yeva and V. G, Safronova, while not analyzing the
restorative processes, consider that complete normalization of hemo-
poiesis does not occur after x-ray irradiation of rats at'a dose of
500 r.

V.,N._Strel'tsova, in the report,"Several Features of Restora-
tive Reactions in Organs Containing Radioactive Isotopes," cited ma-
terials_indicating the qualltative character and distortion of the
restorative process in the liver stimulated by isotopes of Cel
Rul 47 Pu?39 and Lal

L. A. Aftikanova, in the report, "Disruption of the Regenera-
tive Processes in Healing the Focus of Acute Radiation Necrosis of the
Skin," presented the morphological picture of various types of repara-
tive processes after radiation necrosis of the skin, and showed the
importance of the general state of the organism in total radiation
and indicated that the tissue's proliferative capacity is not dis-
rupted during the reparative phase after radiation injury, but the
differentiation stage of forming tissue structures is affected.

G. A. lLebedeva's report, '"Regenerative Processes in the Gastro-
intestinal Tract During Stimulation by Certain Radiocactive Substances,"
showed general directions of restorative processes in radiation by
various isotopes (Cel44, Fo210, Sr90); inhibition of regeneration,
delays in tissue structure differentiation and differences in the ac~

tion of each of these isotopes.

N. N. Xrushekova and A, Ye. Ivanov showed that the morphologi~
cal restoration of cells and fibrous structures of lung tissue in {r-
radiated rabbits takes place earlier than the complete restoration of
various types of intracellular exchange when there is still a histo-
chemical reduction of RNA and DNA in the cells, activity reduction of
the cytochromo-oxidase and succindehydrogenase, an increase.in. the ac-
tivity of alkaline phosphatase, an increase in the mucopolysaccharides
in the walls of the blood vessels, and increase in the- polymerizability
of hyaluronic acid. .
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N. G, Akoyev and M!. A. Lagun reported data on the reduction of
resistance of irradiated mice to the toxin Bac. perfringens as a mani-
festation of irreversible radiation injuries,

I, M. Shur'yan, V. V, Andryushchenko, and G. M. Rekun noted the
characteristic reaction of the hemopoietic system to various sources
of ionizing radiation, and the slower restoration of the hemopoietic
syster in P32 radiation as opposed to X-ray irradiation.

The presence of polyurea and an increased chloride elimination
in dogs as a result of increased glomerular filtration as compensa-
tory mechanisms in relation to disruption of renal hemodynamics was
demonstrated in the report by Z, I, Poluboyarinova, entitled "Com~
pensatory Changes in Renal Function and Water-Salt Exchange in Dogs
in Chronic Radiation Sickness Caused by Sr90,"

D, 1. Zakustinskiy, L. N. Burykina, Ye. N, Klimova, in the re-
port '"Characteristics of the Compensatory-Restorative Processes in
Chronic Injury of Dogs by Sr90," indicated the possible agpeatance of
compensatory and restorative processes in both chronic Sr90 exposure
of animals (from 2 + 104 to 2 . 10-1 mc/kg per day for 3 to &4 years)
and subsequent observation for two to three years, in the central ner-
vous system, the blood system, endocrine, cardiovascular and other
systems of the organism, which are unstable and combined with a pro-
longed retention of changes in the indicators under study,

Also heard were the report of V. S, Barsukov, O, V, Malinovskiy
and M. I, Mityushov on the importance of cytoplasm in recovery from
radiative genetic cell injuries; M, G. Chumak on the restoration of
mitoses in variably radiosensitive tissues; T, S, Remezova and V, P,
Tret'yakova on the effect of the energy exchange on the recovery of
irradiated yeast cells; A, L. Shabadash on the cytochemical charac-
teristics of nervous system cells in radiation injuries; A, G, Khanin
on the recovery of synaptic structures of the brain after irradiation.

V. B. Mikhaylov and N, F, Mayorova reported on the normal
reparative regeneration of the mesothelium of the abdominal cavity in
acute radiation sickness in rabbits, and K, M, Svetikova on the ab-
sence of any disruption of reparative regeneration of skin and in-
testinal epithelium in local irradiation at & dose of 1,000 r in rats,

Data presented in the report of V. N, Zvorykin were on the
restoration of stomach's secretory functions after irradiation, N, A,
Lapshin's report on the restoration of reflex reactions, A. G. Kuzokov
on the restoration of functions of the hemato-encephalic barrier,

N. Ye. Kuznetsova on the participation of the acetycholine—cholin-
esterase system in compensatory reactions. V., A. Rezontov and others
reported data on studies of restoration of disrupted indicators by
secondary irradiation,

Interesting data on the stimulation of the restorative proc=-
esses in the ifrradiated organism are presented in another group of
reports, V, 1. Korogodin demonstrated a need of energy exchange by
the restorative process in irradiated yeast cells, By changing the
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temperature and compositior of the nutritive medium, it is ppssible
to effect the restorative processes and alter cell hurvival from o, 65%
to %7-.

N. N. Klemparskaya and G. A, Shal'nova, in the report “Reatota-
tion of Imnunogenesis in Irradiated. Animals," showed that the ability
to produce antibodies and phagocytic activity of leucocytes as well as
the normal reaction of the organism on the microbial antigens in sur-
vived animals in semi-lethal doses of irradiation is restored approxi-
mately one month after irradiation. Interesting dats were also cited
on the ways of compensating for the disruption of the immunological
reactivity of an irradiated organism and acceleration of the restora-
tive processes by combined inoculations prior to irradiation with re~
vaccinations after irradiation, and by means of combining ordinary vac-
cination preparations with killed-cell vaccines of BCG and others.

The report of R, V. Petrova and Yu. M. Zaretshkaya examined the
possibility and ways of using transplantations of hemopoietic tissues
for compensation in radiation injuries and showed the role of this
method in intensifying the restorative process in an irradiated or=
ganism,’ ,

* 6. S. Strelin and N, K, Shmidt showed that vascular administra-
tion of bone marrow cells taken from the femoral bone of the rat's ex~
tremity which was shielded during irradiation, significantly stimulates
the restoration of the blood system and increases the sutvival of the
irradiated animals,

In the report of L, V. Pozheleyev and his coworkers, data were °
reported on the fact that certain preparations prepared from skeletal
muscle, liver, spleen and other tissues of a rabbit which were taken
in a fresh, boiled, frozen and lyophilized state, and their basic act~-
ing components =~ RNA and ac¢id albumin, stimulate the regeneration of
amputated extremities in irradiated axolotls.

1. F. Fopova showed that skeletal muscle transformed to a plas~
tic state by ‘mechanical trauma or denervation becores more radio-
resistant alony with neighboring muscles, After locally irradiating
such muscles at a dose of 2,000 r, post-~traumatic’ regeneration pro-
ceeds almost without disruption.

. The report of A, 5. Mczzhukhin was devoted to a description of
experiments which showed the various degree of protective action of
cystamine at various doses and strengths of irradiation, The authors
consider that cellular protection is the basis of stimulating restora-
tive processes with this preparation,

N. V. Traskunova reported on the effect of substances blocking
the transmission of impulses in the various links of the autonomic
nervous system, and the blood system in rabbits with acute radiation
sickness,

In closing the conference, active member of the Academy of Medi-
cal Sciences USSR, Frofessor N. A, Krayevskiy,: together with all in
attendance, warmly congratulated A. V. Lebedinskiy on his 60th birthday
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and 40th year of scientific-pedagogical activity. N. A, Krayevskiy
noted the value of domestic research on reatorative processes in an
irradiated organisn,

The conferente adopted a final resolution which particulerly
took note of the advarnces in the study of restorative mechanisms in
radiation injuries and the necessity of further research in this
fie‘ldq

- END -
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