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Analysis of the mechanisms of development of radiation affections indicates that in the pathogenesis of
radiation sickness various changes in the neuro-humoral regulatory processes play a prominent part {1,10,12-15]
At the same time, considerable disturbances also originate in the metabolism of local origin. Therefore, of consider-
able interest is the effect of ionizing radiation on the metabolism of those natural chemical agents of high biological
activity which directly participate in the neuro-humoral and local regulation of biochemical processes,

Acetylcholine [ACh] attracted our attention as one of these substances. On the one hand, its effect on the
organism is directly connected with the activity of numerous neural elements. This fact determines the immense
effect of ACh in the regulation of the tonus of blood vessels, cardiac rhythm, dynamics of the gastrointestinal.tract,
functions of the glands of internal and external secretion, muscular activity, and the activity of many central neural
apparatuses, Onthe other hand, ACh in larger or smaller quantities is formed in the tissues of the liver, muscles,
placenta which has no neural elements, etc. ACh as a "local hormone" apparently plays an important role in the
regulation of the physicochemical state of various interphase borders within the cells by affecting their polarization
and permeability. In this connection, the property of ACh of enhancing the metabolism of phospholipids, possibly
as the result of disintegration of lipoproteid complexes, is of great importance [28,30]. It exerts considerable and
diverse (depending on conditions) effect on the activity of a number of most important enzymic systems [2,4,6,7},
It should be pointed cut also that from the specific radiobiological point of view the effect of ACh on sulfaydryl
groups'act:ivity is highly important [2,3,5,8,16,19], as well as on the oxidation processes [2,27,28,31] and, in particular,
its property of enhancing the resistance of the organism to hypoxia [25,33,34].

Experiments of many authors elicited in radiation injuries various deviations of ACh metabolism from norm.,
In the majority of cases,during the remote period after irradiation a reduction of cholinesterase activity in the blood
serum [11,17,18,26,32],as well as in some tissues [21~24,267,has been observed, Prior to this reduction, wave-like
fluctuations of cholinesterase activity were observed, with rises during the early stages after irradiation [9,17,18,201.
A detailed investigation of ACh metabolism following external(x-ray) and internal (poloninm and uranium fission
products effects) irradiation was carried out on rats by E. N. Petrovnina [17]. She investigated, simultaneously
with the determination of general cholinesterase activity in a number of tissues, also the changes in the total ACh
content in them, as well as the cholinacetylase activity of the brain. She-established, in particular, that the total
ACh content in the tissues during the early stages of radiation sickness had been reduced and that, later, the tendency
toward its increase was manifested,

The interpretation of the available data is hampered by the fact that in the overwhelming number of investi-
gationsonty the total cholinesterase activity and the total ACh content (or of the free ACh only) were determined.
We were intersted in the problem of the bound ACh. Apparently, bound ACh being impervious to the attack of
cholinesterases is not biologically passive precisely on this account. By combining at various periods of time with
biological objects, acetylcholine changes their properties, thus manifesting a "trigger® or "wophic® activity.

In the present series of investigations we cairied out determinations of the free (conditionally ?) and bound
ACh in the rissnes of the liver and brain of white rats following total external radiation of Co® gamma-rays in 2
dose of 800r within 2,24, and 48 hours after irradiation

METHOD

Quite a number of methods of determination of bound AChhavebeensuggested consisting of denaturation of
proteins and destruction of lipid formations, We decided on the heating method without introducing into the tests
any other substances except cholinesterase inhibitors. For the determination of ACh we employed as a test object the
dorsal muscle of a leech, Its reaction (contraction) was investigated by testing extracts where ACh had been specif-
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Content of Free and Bound ACh in the Liver

and Brain of White Rats following Total
Irradiation (in microgram%)

Liver

Brain
_»free ! bound free bound
~ acetylcholine { acetylcholine
Norm
0,04 0,62 2,2 84
0,06 0,05 15,4 49
0,06 0,05 4,4 78
0,17 4,78 1,1 49
0,46 0,45 5,9 94
0,23 0,72 8,4 71
1,1 72
0,44 4,29. 98,6 70
0,06 0,05 15,4 66
0,1t 0,99 29,7 39
9,9 83
Average
0,184 1,334 |11,143,1} 6945
40706 40,61
Within 2 hr after irradiation
traces 4,40 16,5 79
» traces 11,0 76
0,04 0,06 5,5 76
0,99 1,76 10,7 97
traces 5.50 16,5 83
» traces 5,5. 60
» 0,65 2,2 34
» t 0,10
Average — 9,7+2,11 7248
Within 24 hr after irradiation
0,01 0,10 7.9 25
0,03 2,39 9,9 100
0,03 2,17 6,6 67
0,04 0,05 5,5 79
none 0,06 28,1 51
» 0,29 4.9 108
0,04 0,05 32,5 41
none 0,08 3,3 97
0,04 4,03 1,1 34
.8 74
Average - |10,343.5/ 6849
Within 48 hr after irradiation
traces | 0,40
0,10 2,40 8,8 68
0,02 | 0,08 0,1 44
0,30 11,10* 1,1 86
0,10 0,30 0,9 71
0,60 | 0,50 16,5 59
Average
0,22 0,744 | 5.5--3,1) 6647
40,027 | +0,35

* These data were not included in the av-

. erage.
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ically destroyed with a cholinesterase preparation. The tested tissue
samples were homogenized and extracted with a Ringer solution
(with pH 7.6) by heating (for the determination of bound ACh) or in
cold (for the free ACh), The obtained extract was placed in a con-
tainer with a preparation of the dorsal muscle of a leech, and the
extent of its contraction was tested kymographically and compared
with the extent of contraction induced by an ACh solution of known
concentration, The quantity of bound ACh was determined according
to the difference between the total ACh content and the free ACh
content. Irradiation was carried out with gamma-rays an £co-2
apparatusby an 8001 dose at a dose strength of 460 r/ min,

The obtained data indicate that in norm the content.of free
and bound ACh in the tissues of the liver and brain varies considera-
bly. In regard to the total content of any given fraction, the ACh
quantity in the brain exceeds by several ten-folds that of the liver,
In view of the considerable divergence between the data of individual
determinations we cited in the table the entire experimental material,

As seen in the table, the free ACh content of the liver varied
from 0,04 to 0,46 microgram’ and averaged 0,18 microgram®,
Within two hours after irradiation, almost every test revealed only
traces of free ACh; in one case, on the contrary, fts quantity turned
out to be approximately twice as high as the normal maximum. Sub-
sequently, within 24 hours after irradiation the free ACh content in
the liver tissue became accessible for quantitative determination in
a number of cases, but it was still very low; within 48 hours after
irradiation its quantity increased and reached almost normal levels.

The content of bound ACh of the liver in norm was several
times higher than that of free ACh; with variations from 0.05 to 4.78
microgram,it constituted 1,33 microgram% on the average. Within
2 hours after irradiation the quantity of bound ACh varied even more
markedly than in norm~from traces to 5,50 microgram’. The data
obtained within 24 and 48 hours after irradiation proved to be on the
whole close to those in norm; we should mention only one very high
figure-11.10' microgram%-elicited in one case 48 hours after irradia-

tion, ,
In norm the free ACh content of the brain (see table) fluctuated

between 1.1 and 29.7 mictogram%, or 11 microgram®% on the average,
Within 2 and 24 hours after irradiation, no appreciable deviations
from norm were observed. Within 48 hours after irradiation, a certain
reduction of the free ACh content was also found in the cerebral tissue.
The amount of bound ACh inthe cerebral tissue was also several times
higher than free ACh. It constituted about 70 microgram on the
average. As shown by the above-cited data, no changes in the content
of bound ACh in the cerebral tissue of rats were observed within 2,24,
and 48 hours after irradiation.

Thus, the early stages of acute radiation sickness in rats are
characterized by a considerable reduction (almost disappearance) of
the free ACh content of the liver within 2 hours after irradiation, and
its gradual normalization within 48 hours after irradiation. In the
brain the free ACh quantity is also reduced, but this occurs only within
48 hours following irradiation and to a relatively small extent. The
content of bound ACh, while there is a certain increase of the range
of its fluctuations in the liver, remains on the whole fairly stable,
especially in the brain,



SUMMARY

In testing on leech dorsal muscle the authors determined the contents of free (conditionally) and bound acetyl-

choline (ACh) in the liver and brain tissues of rats both in normal conditions and following y-ray irradiation in a
dose of 800 r, As demonstrated,the content of free and bound ACh was several times greater in the brain than in
the liver, Considerable individual variations were noted. In 2 hours after the irradiation the content of free ACh
in the liver decreased to only traces. Its initial level was gradually restored by the 2nd post-irradiation day,
The content of free ACh in the brain dropped too, aithough to a much lesser extent. The concentration of bound
ACh remained rather stable in the brain of irradiated anitnals, whereas the range of its variations in the liver had
somewhat increased,
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