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Ref./l/ has reported upon the discovery of a new radiobio-
logical phenomenon — a physiological reaction of the cell as
a whole to very low doses of ionising radiations. This reac-
tion only manifests itself within some time after irradiation
and is probably not accompanied with any damages. In that ex~-
periment, one measured low-dose suppression of incorporation
of tritiated thymidine, or its chemical analogue 5-iodo-2'-
deoxyuridine labelled with iodine-125, in DNA of bone marrow
cells of a mouse,

The mice were irradiated with cesium-137 gamma-quanta and
14 MeV neutrons, the doses varying from 0.2 cGy and higher.
In 4 hours (when the irradiation effect achieved its maximum)
the bone marrow cells were separated and incubated in a tra-
cer-containing medium.Then DNA was separated and its activity
was measured. The label incorporation intensity rapidly dec-
reases as the dose grows to about 1 ¢Gy, then the dose-respon-
se curve becomes significantly flatter. An analysis of the
dose—resYonse curve in the region $ | cGy allowed the authors
of Ref./!/ to draw a conclusion that the target size far the
effect under consideration coincides with the cell size. The
maximum suppression of the label incorporation in DNA is cau-
sed by single recoil proton traversing the cell or by tens
of secondary electrons from interaction of cesium-137 gamma-
rays in any part of the cell. RBE for 14 MeV neutrons (with
respect to cesium-137 gamma-rays) is approximately equal to
a unit. .

Special experiments/2/ allowed finding out that irradiation
temporarily inhibits about 1/3 of thymidine kinase activity,
and this enzyme plays a key role in using thymidine for syn-
thesis of DNA, as it phosphorylates thymidine to monophosp-
hate. The thymidine kinase activity rapidly drops with doses
growing to about | cGy and then remains constant up to the
dose of 1 Gy.

The authors of Ref./l’z/ suppose that the radiation prima-
ry action place is the cell membrane. This idea indirectly
confirmed by the results of an experiment on procain effect,
this substance actively interacting with the cell membrane.
Being injected to mice at least 1 hour befare or after irra-
diation, procain appeared to completely eliminate the irra-
diation action upon thymidine kinase activity. The authors
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of Ref./l’z/are still ignorant of the mechanism of spreading
the process over the whole cell.

Quite recently the existence of the phenomenon under consi-
dera}i?n has been independently confirmed at another object.
Ref./3/ deals with inactivation of mouse oocytes with low do-
ses of ionising radiations. The analysis of survival curves
has shown that the target size coincides with the volume of
the cell and not of the cell nucleus. Moreover, administration

. of tritium-labelled compounds in the nucleus or protoplasm
of the oocyte has tlearly shown that the effect is by no means
due to hitting the cell nucleus. The authors of the paper also
think that primary action of radiatien occurs in the cell memb-
rane. :

This paper provides a qualitative microdosimetric analysis
of the new phenomenon. The analysis is aimed at identifying
the type of the primary action of radiation with the cell and
finding its place in the cell.

Putting aside a discussion of possible mechanism of radia-
tion primary actions and mechanisms of the process spreading
over the cell, we consider in detail the problem of the pri-
mary action application place. Actually, a detailed microdo-
simetric analysis shows that experimental data obtained in
Ref./1,2/ under an assumption of the primary event taking
place in the surface spherical layer of the cell (sphere of
diameter 20 um) and of the energy deposition being equal to
the most probable value ( in = 60 eV) in every energy loss
event are only compatible at the thickness of the layer 1 =
=.5-6 nm. Analysiilog 23%}ia1 parts of all dose-response cur-
ves givén in Ref./.' 2% shows that the dose-response curves
for neutrons and gamma rays have a "one-hit" character and
that the extrapolation number is close tg a unit within seve-
ral tens of per cent,

However, along with the hypothesis of Ref./l’zl which we
shall call hypothesis (a), the most .general energy considera-
tions allow at least two more assumptions on ‘the primary event
application place and on some characteristics of the related
energy absorbtion process, and these assumptions do not cont-
radict the main facts mentioned earlier. One may admit that
the primary event depends on: (b) the spatial density of ener-—
gy deposition p in any part of the cell, or (c) the total
energy deposition € .in the volume of the cell. -
““  Hypothesis (a) can be formulated in two ways within the
framework of ideas typical of hypotheses (b) and (c): either
as a dependénce of the primary event probability on p in the
surface spherical layer, or as dependence on € in this layer.
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Evidently, the latter version of hypothesis (a) does not prac-—
tically differ from hypothesis (c), therefore one should con-
fine oneself to the first formulation of hypothesis (a).

Explanation of the effect under consideration within the
framework of hypothesis (b) is reduced to the fact that for
both the neutrons and gamma-rays a large energy deposition
in quite a small microvolume occurs in some part of the ?el}
with 100% probability at a dose approximately 1 cGy. This is
the same "one-hit" mechanism as on hypothesis (a), and the
explanation of the observed effect also requires an understan-
ding of how the process is spread over the whole cell from
the primary event place. ) .

Hypothesis (c) assumed that the physiolegical reaction of
the cell to radiation is of additive character in the sense
that any microvolume of the cell makes its contribution Fo
the observed effect which thus becomes a sum of effects in
each microvolume. In this case one cannot speak about a spe-
cial mechanism of a spread of the process over the cell, for
primary events occur in its whole volume. o

A method to find out which of the three hypothesis 1s true
is, we think, to measure relative values of RBE for neutrons
of different energies. The method is suited for any.ty?e'of
cells. Consider a simplified situation, where peculiarities
of each of the three hypotheses are most clearly manifested,
namely, the dependence of RBE on the proton energy Epf let
assume that neutrons of energy E, produce monochromatic pro- .
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Fig.1. Dependence of RBE on proton energy Eb.
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tons of energy E, = 1/2 E;. In this case dependences of RBE

on E_ for each hypothesis are such that they retain their cha-
racter after integration over the spectrum of recoil proton
ranges for a given Ej.

The point of reference with RBE = | (a circle in the Figu-
re) will be the data for E; = 7 MeV at the dose of about 1 cGy
when each proton traversing the cell produces 1007 effect.

If hypothesis (a) is true, i.e. if 100% effect is obtained
when a proton crosses the surface layer of thickness 1 =5 nm

two times, the probab111ty of the necessary energy dep031t1on ‘

will decrease with an increasing Ep’ (curve 1 in the Figure)
in according with a decrease of ionisation loss dE_ /dx. The
. dashed curve in the Figure shows the part of dependence of
dEp/dx on Ep with a typical maximum at Ep = 10° eV. On the re-
ference point at E, = 7 MeV the proton range >> d, where
d is the diameter of the cell. If reduces comparable with
d within hypothesis (a), not every proton produced anywhere
in the cell will cross the surface layer; efficiency of this
proton and, ccnsequently, the value of RBE will decrease.
The shape of curve 1 is determined by d = 20 utm and 1 = 5 nm.
If hypothes1s (b) is true, and E, > 7 MeV, the situation
depends on the volume dens1ty of energy deposition p needed
for 1007 effect, If it is so large that it can be realised
only once within the cell diameter, the proton efficiency
should decrease proportionally to dE_ /dx with growing E; (as
in the case hypothesis (a)). This is what curve 2 in the Fi-
gure shows.

If the necessary value of p is achieved when the proton
with Ep = 7 MeV traverses the cell several times, then for

> 7 MeV RBE will remain constant up to that value of E
wgen dEp /dx becomes so small that the necessary value of p
is aga1n achieved only once within the cell diameter, and RBE
must decrease in accordance with the decrease of dEp/dx as
E, continues itcreasing.

For E; < 7 MeV RBE must remain constant, the probability
of achieving the necessary value of p equals I at all values
of dE_/dx exceeding those at E, = 7 MeV.

If hypothesis (c¢) is true, ﬁBE must not depend on E in the
first approx1mat1on (curve 3 in the Figure).

Thére is little to say about primary action mechanisms t %
pical of each hypothesis considered. It is assumed in Ref./ /
fhat in the case of hypothesis (a) local heating in a separate
spur can'move the complex of lipides of the cell membrane out
of an instable state, and, starting in one point, this process
can be rapidly spread over the whole cell membrane and even
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embrace the plasmatic membrane net with which the cell membra-
ne is connected. It is clear that a similar scheme can be
applied to hypothesis (b), the difference being that the pri-~
mary event occurs in the membrane of endoplasmatic reticulum.
It is chemical compounds produced by radiation that can be
regarded within hypothesis (c) as the agent causing transition
of the cell into a new physiological state.

A significant difference in approaches to the .consideration
of mechanisms for hypotheses (a) and (b) and for hypothesis
(c) is that in the former case the primary event is a single
phenomenon and in the latter it is multiple. Possible interac-
tion between products of multiple events requires a time or
dose factor ‘to be introduced in the consideration. Despite the
fact that the macrodose rate for neutrons and gamma-rays in
experiments/l:z/ is the same, the approach to the dose rate
must be different when events within one cell are considered.
Indeed, when the proton passes through the cell, the whole
energy is released within 10~ 12 gec; in the case of gamma-ir-
radiation it occurs during 10 sec, i.e. microdose rates dif-
fer quite significantly. Therefore it is very important to .
consider interaction between products within the framework
of hypothesis (c). If, for example, "burn-up" of radicals
in proton and electron tracks is taken into consideration,
dependence 3 in the Figure can have its minimum in the region
of dEp/dx maximum.

Dependences I, 2, 3 shown in the Figure noticeably differ
from those one often comes across when studying other irradia-
tion effects accompanied with DNA damages. In these cases
dependence of RBE on E, often looks like dependence of dEp/dx
on Ep (e.g. see/®/). i
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Buonoruueckue sddexThl CBepXHH3KHX HO3
HOHHSHDYIOIHX H3JTy4YeHHH
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HNaercs1 kadeCTBeHHblI MHKPOLO3HMETPHYECKHH aHanu3 HoOBOT'O
PagHOBGHOJIOrHYECKOTOo fABEHHA [QH3HONOTHYECKOH! peaKlIMH KileT-
KH KaK fejloro Ha CBepXHH3KHE [03b HOHH3IMPYWIHX H3jiyue-—
HMi/, HampaBJIeHHHE! Ha BhISIBJIEHHE THNIA HEPBHYHOT'O B3aHMO-
OeMCTBHA H3JIyUeHHA C KIIeTKOH H MecTa ero HNpWIOXKeHHs
B KJIeTKe.

PaGora smumonHeHa B JlabopaTopuu sigepHbix npobmem OHAH.

Coo6utenne O6beMHEHHOro HHCTHTYTa ANEepPHBIX HectenoBanui. Jly6Ha 1987
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Biological Effects of Very Low Doses

of Ionising Radiation

The paper deals with a qualitative microdosimetric ana-
lysis of a new radiobiological- phenomenon (physiological
reaction of the cell as a whole to very low doses of ioni-
sing radiations). The analysis is aimed at identifying
the type of the primary interaction of radiation with the
cell and finding its place in the cell.

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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