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THE EFFECT OF DIFFERENT DOSES OF X~-IRRADIATION OH
THE CORTICOSTEROID SECRETION IN RANBITS

[Following is a translation of an article by -
VY. M. Rodionov, L, 0. Orlova and L. I, Tuul

in Patolog., Pilziol. 1 Eksper. Terapilyz (Patho-

logical Physlology and Experimental Therapy),

Vol. IV, No. 1, 1960, pages 24-28,

== From the Institute of Biological and Medical Chemistry of the Academy

%of Medical Seciences USSR.

In the study of the function of the cortical layer of the =prarenal

- glands in irradiated vebbits (two) and rats (one) it has been shown that the

irradiation substactially changes the nature of secretion of these glaads. An

increase in the content 'of 17-cxycorticosteroids in the beriphcral blood of

- irradiated dogs and monkeys has also beén‘observed during the few days immediately

- after irradiation and in the terminal period of radiation sickness (4, 6).

. In elucidating the matter of the relationship of the changes in the
¥ o B . .

- nature ¢l secretion of corticosteroids observed after i:radiation to the degree of
radiation injurv we made an invéstigation of the function of the cortical layer

-of the suprarenal glands in rabbits irradiated with different doses of X-rays.

The irradiation was carried out at 185 kv and 15 ma; filters of ong mm Al
and 0.5 rm Cu; a skin~to-tube distance of 60 centireters. The dose rate was
11 r per minute, Fifty-eight rabbits were used in the experiment. The control

animals were not irradiated. The other four groups were irradiated with doses of
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400-600 v, £00-1100 v, 1300-1500 r and 170042000 r. On the second day after the
irradiation, just as in the prccad{ng work {2} 25-40 cubic centiméters of bleood
from the suprarenal glands were taken from the animals,and this blood was then
treated by the wethod of N.A. Yudayev, Yu.A. Pankov énd K.V. Druzhinina (3). -
Separation of the steroids was accomplished by the method of paper chromatography
using a  Bush Bg (5) unit, The content of corticosterone, hydrocortisone and
sn unidentificd compound X" were determined in the blood. The volume of blood
rollected, the tine of the collection as well as the weight of the animal and the
veight of the suprarenal glands were recorded. |

In all the rabbits irradiated, as has been repeatedly noted in the
literature, the weight and size of the suprarenal glands were increased. In

comparing the data characterizing the ratio of the weight of the suprarenal glands

body
to the/weight of the animals which had been irradiated with various dases of

[~rays 2 tendency could be noted toward an increase in the weight of the glands

7ith the increase in the dose of irradiation (Fig.l).

Despite the increase in weight and size of the suprarenal glands, the
rate of sccreticn of the total quantity of steroids in the irradiated rabbits hardly
inereased and vas unchanged with the increase in the dose of irradiation
(Fig.2). However, in studving the relationship af the rate of secretion of the
various cortical hormoﬁes to the magnitude of the dose received by the rabbits

characteristic features could be observed.
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The quantity of corticosterone secreted by the suprarenal gland of the

cabbits did not change notably with the increase in the dose of irradiation (Fig.3).

ot only the total quantity of horuones seeroted iz lwportant in

the functional state of the gland but also the ratio of this

quantity to the weight of the gland. In investigating the rate of secrétion of

the corticosteronc in }fpcr hout for every 100 milligrams of suprarenal gland tissue

quite a distinet tendency was observed toward a reduction in the secretion rate of

the hormone with increase in the dose of irradiation (rig.b4).

This may apparently he explained by the fact that irv.diation of

the animals suppresses the corticosteroné‘synthcsis or by the fact that the
fncrease in the size and weight of the gland in thc(irradiatcd ani.wals occurs

because of tissue which does not synthesize corticosterone. The latter seems

more probable to us.

A rove distinct relationship to the dose of irradiation may be noted
in the study of the secretion rate of two other compounds seéreted by the rabbit's
suprarenal gland.

iIn the investigation of the secretion rate of hydrocortisone { compound
“FY) 1n zrper heur it was shown that this secretion increascs di;tinctly with the
increase in the irradiation dﬁse'(Fig.ﬁ), and thereby it increases much rorxe
quickly than the weight of the suprarénal glands. The same rules'and regulations
werevobscrved also in ;ecalculating the seeretion rétp per unit of weight of the.
vgland. It ray be suppcsed‘that in irradiation a stimulation occurs of the

synthesis of this corticosteroid. Hovever, this conclusion canuwt be considered
{5
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final withoﬁﬁvcorrésponding.morphdiogical dats, Hydorsortisone is sécreted by
the rabbit's aaprmvenal gland in & small quawt;ty' 1f the synthesis of it ls
sctually associated with a dofimite kind of Leli in the eortical layer of uh”
suprargnal glands the nﬁmbar of these cells should be 1nsignif£cant,and increaﬁe

" {n their number even by several times could not markedly change the total waigh;
of the supr&rena£ glands, . : . | .

The most complex relationship to the dose of irradiation may be observed

in ﬁh& joventigation af'th@ rate £ of secretion of compound “X% (Fig.6) in the
rakbits. The production of g&is substance by the éuprérgnal gjands of rabbits

inevease;markedly after ircadistion of the animals with EQ0-1100 1 a2nd decreases

wi@h ‘uraﬂ@r incresse in the dose of Xnmrraﬁlatipn. rhe sane ruler and regulations

sre observed also in recalculating the vate of secretion of this wempound pex

gnit of welight of the suprarvenal gland,

1t 1§ interesting that the development of radiation patholegy has
been assoaiated_-b&r sone authors with phasic changes in the function of the
supravenal glands: with‘an increase oﬁ it during the first period and 3 dgpletion
of it at lﬁte? stages. As is seen from ﬁhe data presented, the change in the
secretion rate of substances synthesized by the suprérenal gland depending on the
dose of irradiation received by the rabbit was of a phasic ﬁ;ture enly in one case--
with the §$e of AAmp0und e, To_date‘ we do not lmow the strnétura of tﬁis

substance and are not even sure of its biologicai activity. It would be

premature to  make any kind of suppesitions as to its role in the development of
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radiation sicknesa. MHowever, even the very naturc of the relationship of the
rate of secretion of thig substance io themagnitude of the dose received by th
animels is evidence; from er point of view, of the dxpedienc§ aof further study
of it. : “

If the increase in sccretior of hydrucertisone and rcductioﬁ in the
activity of the suprarenal gland tissue with respect to the fommation of
corticosterone can be explained natnonlg by a change in the activity of the
enzyme systems participat;ng in the synthesis of these hormones but also by a
changé in.thc nucher bf corresponding cellular elements, the latter ex;lanaéion
does uot appear very prﬁbable with respect to compound "X". The cémplex
relationship between the dosé of irrédiatiom'and thelratc of secrétian of thig

substance as well as the evident lack of a commection between the rate of

secretion and the weight of the adrenal glands makes us believe that here we are
dealing with':he effect of radiation on the very process of synthesis of it
rather than on the nuwber of elenents s?nthesizingltx this substance. h

In the investigation of the effect of fcnizing fadiaticn on the
secreLory activity of isolated bovire s:prafenai glands, Ungar and others (&)
found that irradiation of the glands produces a reduction in the total quantity
of corticcsteroiés secreted by thcm,_ Rqsenfelé and cthers (9) under the same
conditions ® as well as Rosenfeld (7) in the study cf the function of isoléted
suprarenal glands of irradiated steers covld nct detect any Kind of characteristic
differences in the effect of irradiation on-the various enzjme systems parciéipatiqg
in thg‘synthésis of cortic#stcrvids. Cemparison of these data with those presented
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in the present work cavses us ko belicve that the difference which we observed
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pet of incressing doses of ivradiation oun the vate of secretion of
the various corticosteroids cannot be the result of the dirvect 2ffect of radiation
on the suprarenal gland., An dndirect effect of radiation on the function of the

o

is
cortical laver of the suprarcnal glands scen frowm data obtained by M.A, -

Larina and T.3. Sachatshava (1). Hewever, for the purpese of solving the problen
of how irradiation of the aninal chanpes the rate of secretion of the

various corticosberoids further investigations ave needed.

In the irradiation of rabblts with increasing doses of X~rays the
rate of secretion of the various coriticosteroids is changed differently: the rate
of secretion of the corticosterone is essentially unchanged; the rate of secretiom

of hydrocortisene is increased; the rate of secretion of compound Y increases

with irradiation cf the animal with 800~1000 r and decreases with further increase

in the irradiztion dose.
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Plg, 1. Ratio of welght of suprarenal glands in milill-
grams to body weilght in X4 in non-irradiated (control)
and irrzdiatel rabbits. %) control. The dots indlecate
the individu.l experiments; the crosses, the average for
ach grounp.
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Pig. 2. Rate of secretion of total guanity of cortle-
costeroids ( & per nour) in non~irradiated and irradia-
ted rabbits. The key 1s the same &s for Pige. 1.
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Fig. 3. Rate of secrellon of cortlccsterone ( ¥ per
hour) in non=irradisted and {rradiated rabbits. Th:
ey is the same as for Pig. 1.
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Pig. 4. Rate of secretisn of corticosterone ( y per
hour per 100 mg of tissue) of suprarenal gland in non-
irradiated and irradieted rabdlts. The key is the same
as for Fig. 1.
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Fig. 5. Rate of secretion of hydrocortisone ( ¥ per
hour) in non~irradisted and irradiated rabbits., The key
is the sane ags for Rig. 1. :
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