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THE USE OF ULTRAVIOLET RADIATION OF DIFFERENT SPECTRAL COM-
POSITION FOR REDUCING THE SEQUELS OF RADIATION INJURY

/Following 1s a translation of an article writ-
ten by Candidate of Medical Sciences T, A, Svid-
erskaya, Scilentific Associate Ye. C. Zhuk, and
physiclan I. N. Filipson in Glglyena 1 Sanitar-
‘iya (Hygiene and Sanitation), Vol. 25, No. 2,
Moscow, 1960, pages 27-33./ '

From the Institute of Radiation Hyglene of the
Ministry of Health RSFSR

The present study was undertaken to clarify the pos-
s1billty of using ultraviolet radlation as a prophylactic
measure in penetrating radlation Iinjurles,

The work was carried out on 202 male gulnea pigs, of
300 to 480 gm weight., Some of the animals were subjected to
a single gamma-irradiation of 450r dose (control). Another
group of animals had a course of prophylactic irradiation
with ultraviolet (UV) rays in various doses nine to 14 days
prior to gamma- ray irradiation (experiment). Radioactive
cobalt (Co O) served as a source of penetrating radiation,
The force of radiation was 9.86 to 10.60 r per minute. To
carry out prophylactic irradiations, we used sources of UV
raciastion of varlous spectral composition: lumlnescent
eryttema-lamps (EUV-15), of 280 to 380 micromicron radiation
wave lengths, bactericidal lamps (BUV-15) of which the great-
er part of radiation has a 253 .7 micromicron wavelength, as
well as the integral radlation stream of the usual mercury-
quartz lamps of the PRK-2 type. The light emlssion inten-
sity by the socurce of UV radiation was ascertained with an
ultraviolet meter (UFM-5). The UV radiation was employed in
total doses: 3.75, T.5, and 15 biodoses (of a gulnea pig)
for a course of 10 dally treatments. Two variants of irradi-
ation were carried out: the first -- by increasing the doses
from 0.25 or 0.5 to 1.25 or 2.5 biodoses; the second -- with
equal suberythemic doses (0.75 biodoses). Before the start
of irradiation and after the fifth treatment, the fur on an
area of 40 cm? of the animal's back was removed,

The blood of all animals selected for the experiment
- was examined three times, and subsequent blood examinations

.




were performed on the 2nd, 5th, 10th, 15th, 20th, 25th,
30th day, ete.,, followlng irrddigtion. The cholinesterase
activity of the blood was detertilred by the method of
S. R. Zubkova and T. V. Pravdich<Neminskaya in the M. Ya.
Mikhel!son modification. The work capacity of the animals
was studied on "tretban" /a treadmill?/ of speclal construct-
ion, As the basis of the method of work capacity determina-
tlion, a conditioned motor-defense situation reflex was used.
As unconditioned reinforcement, thermal skin stimulation was
used, The work effected by the animal was represented by
running on a horizontal conveyer strip of a transporter.
During the entire experiment continuous observations were
also conducted on the changes of the morphological composit-
lon of the blood, chollnesterase activity, and the dynamics
of welght 1n a group of healthy animals (biological control)
which had been kept under similar condiltions of maintenance
and food reglimen as these of the experimental animals.

A total of four seriles of experiments were carried
out (Table 1).

Table 1
Characteristics of the experimental series

Series| Source of UV | Number | Total dose of UV| Dose of gam-
irradiation of radiation ma irradiat-

animals (biodose) ion (r)

I | EUV-15 50 7.5 and 15 Loo

II | EUV-15 . 20 7.5 and 15 450

III | BUV-15 50 7.5 and 15 450

IV | PRK-2 82 3.75s 7.5 and 15 450

A single total gamma-irradiation with a 450 r dose
induced in guinea pigs of an average weilght of 430 gm an
acute radiation sickness of III and II degree of gravity.
Starting on the third or fourth day, following gamma-irradi-
ation, the motor activity and the food excltability of the
animals became lower, During the height of the dilsease a
pronounced adynamia, refusal of food, hemorrhages in the
oral mucose membrane, and feces mixed with blood were ob-
served. Toward the eighth to 12th day following gamma-ir-
radiation, the majority of the animals perished with pheno~
mena of marked emaciatlon. The acute radiation sickness was
accompanied by a profound impalrment of the normal hemopoie-
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sis, Toward the second day, following gamma-irradiation,
the number of leucocytes decreased by 50 percent, and toward
the fifth day it was 90 percent lower than the inlitlal level,
Thg absolute number of leucocytes fell to 500 to 750 in one
mn3 of blood. The reduction in the number of erythrocytes
began on the second or third day. Toward the 15th day of
the disease thé rnumber of erythrocytes fgll, on the average,
to 35 percent 1,155,000 cells in one mm3) and the hemoglob-~
in content to 36 percent of the initial level, The number
of reticulocytes showed a marked decrease within the flrst
few days following thé effect of penetrating radiation, and
toward the fifth day constituted one percent of the ilnitial
figure, The reticulocytes disappeared completely 1n the
peripheral blood on the 10th day. Also under gamma-irradia-
tion the activity of blood cholinesterase was conslderably
inhibited: it constituted, on the average, 34 percent of
the initial level (in some animals -- up to 22 percent).
A gradual restoration of cholinesterase actlvity took place
in the surviving animals starting on the 10 - 15th day of
the dlsease, o :

» A preliminary irradiation of guinea pigs with UV
rays in our experiments incraased the resistance of their

‘organism to the subsequent effect of penetrating radlation,

Prophylactic irradiation attenuated the course of the acute
radiation sickness; the number of instances of III degree
gravity was reduced, the helght of the disease commenced
four to five days later; there was a marked increase of
the survival capacity of the animals and of the average
life span, and a smaller loss of welght; and the tolerance
of higher physical loads by the animals was higher. The
indices of the morphological composition of the white and
red blood, as well as the cholinesterase activity, did not
reach such a low level in these instances,

' In the mobilization of protective mechanisms which
lay at the base of the prophylactic effect of UV rays, of
substantial importance were the spectral compositlon and
the size of the total dose of UV radiation, the length of
time interval between the effect on the organism of both
agents, as well as the methods of UV irradiation.

In Figure 1 are shown the survival data, Of 43
guinea pigs of the control group (gamma-irradiation) only
three survived (6.7 percent), whereas in the group, which
had received UV rays plus gamma-irradiation, of 89 animals
20 survived (22,5 percent).

: The data on the effectiveness of the use of UV rays
of various spectral composition, according to the survival

“data, are cited in Table 2.
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Table 2

SupVival,rate;of the control and experimental animals

Number of animals
' Source
.1 Character of of UV Total Survived
Serles; irradiation | lrradiation Number ; Percentage
IT | gamma-irrad-
lation - 10 1 10
UV rays #
gamma-irra- '
diation EUV-15 10 3 30
III | gamma-irrad- - .
iatlon - 10 0 0
UV rays #
gamma-irra-
diation BUV-15 30 3 10
IV ! gamma-irrad-
iation - 25 2 8
UV rays £
gamma-irra-
diation PRK-2 49 14 28.6
Total gamma- :
i 1rradiation EUV-15 45 3 6.7
| UV rays /£
! gamma-lrra- BUV-15 89 20 22,5
+ diatlon PRK-2

The highest survival rate was noted in animals which
had been exposed to prophylactic irradiation with long-wave
UV rays and integral radiation of the PRK-2 burner (30 per-
cent and 28.6 percent, respectively). During the two-month
period of observation the average life span of a control
animal was 13.9, and in the experiment -- 25.2 days.

The character of changes and thelr directlon, estab-

1ished in the analysis of survival and life span of experi-

mental animals coincide with the data of study of the mor-
phological composition of the peripheral blood and the
cholesterinase activity. The most marked leukopenla was
noted on the fifth to tenth day of the disease, when the
number of leucocytes in the animals of the control group
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fell,to,lSw;l;percent, and in the group of animals who had
received UV _#£ plus gamma-irradiation -- to 16-14 percent,
The restordation of the number of leucocytes commenced (the
data relate to animals who had survived) on the tenth day
folléWingfgamma-irradiation. " In the animals of the control
group, the restoration process preached the 59-65 percent
level, but did not revert to the initial figure for two
months. In the group of animals who had received uv
gamma-ray ipradiation the restoration of the number of leuc-
ocytes proceeded continuously and on the L45th day theilr
number constituted 95 percent, and on the 60th day -- 110
percent of the initial figure.
, The dependence of the leucoeytic reactlon on the

spectral composition of the UV radiation used for prophy-
1actlc irradlation is shown in Figure 2, As seen from it,
the distinct differences, according to this indicator, are
manifested during the recovery period only. The restoration
process of the leucocyte count proceeded most rapidly in
the group of animals subjected to long-wave UV ray irradi-
ation, and was completed toward the end of the first month,
followlng gamma-irradlatlon. in animals irradiated with
bactericidal lamps the number of leucocytes, having reached
the 82 percent level of the initial figure toward the 25th
day, commenced to fall, and fluctuated, during the subseq-
uent period, within 06-46 percent limits, The restoration
curve of leucocytes in animals irradiated with the 1lnteg-
ral source of PRK-2 radiation lamp occuples a medium posit-
ion on the diagram, Thus, the most favorable effect on
the course of restoration of the leukopoietic funectlon is
exerted by radiation of the EUV-15 lamp. Prophylactic ir-
radiation with shortwave rays showed no positive effect on
the course of these reparation processes,

The most pronounced protective effect of UV rays

was manifested in the red blood system, Here, the differ-
ences manifested themselves not only during the restoration
period, but also in the course of radiation sickness, The
reduction in the number of erythrocytes and hemoglobin con=-
tent in the experimental animal groups occurred later and
was less pronounced (Fig. 3). The erythema lamps and the
PRK-2 burners possessed a distinctly positive radiation
effect. In animals irradiated wlith long-wave UV rays

(EUV lamp), during the first two to five days following
gamma-irradlation there was not only an absence of reduct-
ion of the number of erythrocytes observed, but even a
certain increase. In animals subjected to the effect of
bactericidal radiation, the maximum level of erythrocyte
reduction was Ll percent, and in animals subjected to the
effect of PRK-2 burner padiation it reached 47 percent of
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Days following gamma-irradiation

Fig., 1. Survival of guinea
pigs subjected to
the effect of pen-
etrating radiation

~after preliminary
irradiation wlth
UV rays.

1 ~-- ipradiastion with UV rays
and gamma~irradiation;

o - irpadlation with UV rays
(control).

the initial figure.  The restoration process in animals
subjected to the EUV and FRK lamp radlation also pro-
ceeded in a shorter period of btime, Analogous results
were obbained in the analysis of dabta on the changes
in hemoglobin content, Thus, the most favorable ef-
fect on the state of hemopolesis was achieved by ir-
radlation with the long-wave stream of UV rays, In
snimals subjected to the effect of short~-wave UV radla-
tion, the number of erythroeytes durlng the recovery
period was even lower than in the control group.

The preliminary UV irradiation of animals also
altered the reactlion on the part of the cholinerglc
systems of the organism to subsequent gamma~irradiat-
ion. The restoration of the activity of the enzyme
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Days following gamma-irradiation

Fig. 3. Change in the number of
_ erythrocytes 1n the blood

of guinea pigs under the
effect of penetratling ra-
diation depending on the
character of preliminary
irradiation with UV rays
(in percentages of the
initial figure)

1 ==~ irradiation with UV rays

(EUV lamp); 2 -- irradlation with
UV rays (PRK lamp); 3 -- gamma ir-
radiation (controli; 4 w- bilologl-
eal control; 5 -~ irradlation with

UV rays (BUV lamp).

The cited data attest to the fact that the ef-
feotiveness of the use of UV rays is most closely con-
nected with the speetral composition of the acting
source. Analysis of the obtained data also shows that
in the prophylactic .effect of UV rays a substantlial
role is played by the slze of total dose, and that the
guantity of the optimum prophylactic dose of UV radisa~
tion depends on its spectral compositilon, In our ex-
periments with the employment of long-wave UV radiat-
ion the incresse of the total UV radiation dose from
7.5 to 15 biodoses led to the enhancement of the pro-
phylactic effect, In contrast, in the employment of
the integral radiation stream of the PRK-2 burner and
baetericlidal rays of the BUV lamp, an increase of the
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total dose from 3.75 to 15 blodoses was accompanied by a re-
duction of the prophylactic effect. This is confirmed by the
data on the survival of animals and the data of changes which
occur in all investigated functlonal systenms.

Upon the employment of PRK-2 lamp, in nine out of 14
survivor-animals the total dose of UV rays constituted 3.75
blodoses, and in five -~ 7.5 bilodoses, An increase of the
total dose of UV radiation to 15 bilodoses, with the use of
PRK~2 and PUV lamps, rediited the survival capacity of the
animals. ’

' As 1s known, in the consecutive action of several
physical factors on the organism, particularly when higher
doses are employed, definite time intervals between such
actions should be observed. 1In order to ascertain the
role of time Intervals between the action of UV rays and
penetrating radiatilon, the gamma-irradiation in our experi-
ments was conducted within nine to 14 days after the termi-
nation of prophylactic irradiation. The result was that,
at an equal UV rays dose, the increase of thls interval en-
hances the survival capaclty of the animals and improves the
clinical course of the disease; these effects are reflected
in lesser reduction of the number of erythrocytes, the quan-
tity of hemoglobin, and other indices (Table 3).

As seen from Table 3, during the sixth to tenth day
of the disease of animals irradiated with the integral
‘stream of UV rays (PRK-2), at an interval of nine days, of
14 guinea pigs survived only seven, and, at an interval of
14 days, of 35 survived 28 animals (80 percent). There was
also an increase in the survival capaclity of the group of
gulnea pigs irradiated with UV bactericidal rays. It is
necessary to underline that survival in this group, espec-
ially with the interval of nine days, was the lowest.

The dependence on the time interval 1s also seen from
the analysis of the number of erythrocytes and cholinesterase
activity (Figs. 4 and 5).

The results of the experiments of the IV series (the
most numerous) showed that, in the mobilization of the pro-
tective mechanlsms which constitute the basis of the UV rays
effect, of deflinite importance is also the method of employ-
'1ng UV radiation on the organism.

'~ To obtaln a biological effect, 1t is quite a differ-
~ent matter whether the total UV dose 1s administered in
small portions or is being increased with each successive
treatment. It was found that the death rate of gulnea pigs
was lower, when the UV irradlation was carried out with
equal non~-erythemic doses, than in irradiation with pro-
gressively higher doses, In irradiation with equal doses,
10 animals out of 17 survived; in irradiation with progress-
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Table 3

Survival rate of the animals and the time interval
between 1rradiat;dn with UV rays and gamma-rays

Survival rate (in days of the

Interval |Source of |Number disease

(in _ |UV radia- | of 6 -< 10th IT —= 30%th
‘days) tion Animals |number % number %
BUV-15 15 14 2.4 1 6.6
9 PRK-2 14 T 50 5 21.5
Total 29 21 72.4 6 20.7
BUV-15 | 15 13 86.7 h 26.7
14 PRK~2 35 28 - 80 16 45,7

| Total 50 L1 82 20 40

1y higher doses four out of 28 animals survived. This phen-
omenon could be traced in the study of other biological in-
dices. Thus, when a permanent dosage was used at a total

UV dose of 7.5 blodoses, the cholinesterase activity rose to
114 percent of the initial flgure on the second day following
irradiation. Subsequently, activity was reduced, reaching
1ts maximum level of 67 percent on the 10th day. In animals
which had recelved the same total dose but had been irradia-
ted with progressively increasing doses, the cholinesterase
activity fell immediately following irradiation, and on the
10th day constituted 49 percent of the initial figure.

The study of tolerance to physical loads was carried
out in only the first series of experiments on animals ir-
radiated with long-wave UV rays, within two months following
their gamma-irradiation. As shown by observations, healthy
guinea pigs (blological control) were able, on the average,
to carry cut work of 0.83 kg per second (100 percent),
whereas the tolerance to a physical load in animals which
had been irradiated with radloactive cobalt and suffered
radiation sickness was egual to 0.65 kg/sec (78.3 percent)
only, Thus, their work capacity fell 21.7 percent, Gulnea
plgs, subjected to a preliminary UV-ray irradiation (total
dose 7.5 biodoses), could carry out, on the average, 0.756
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Fig. 4, Change in theé number

- of .erythrocytes in
the blood of gulnea
pigs under the efl-.
fect of penetirating
radistion after pre-
liminary irradiation
with UV rays (EUV-
15 lamp)

1 - irrvadiation with 73 bio-
doses and gamma-irradiation (on
the 1bth day); 2 -- irradistion
with 15 blodoses and gammg-ir-
radigtion {on the 1dth day).

4

kg work per second (91,1 percent), 1. e., the reduction

of work cupsclty of these animals within two months
following gamma-lrradiation constituted only 8.9 per-
cent, - v
: . It is important to underline the fact that a
definite correlation exists between all indices In-

vestigated sbeove. In animals, who, after a prelimin-

ary UV irrsdiation, showed a smaller reduction of work
capacity, similar changes wexe chserved in a number of
other indices: the reductlon in the number of erythro-
cybes and hemoglobln wase less pronounced, and the
cholinesterass actbilvity did not go below 40 percent,

as compared to inltilal figures. In contrast, animals
with lower work capaclity also showed more pronounced
changes in the morphological composition of the blood
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Fig. 5, Change in the cholinester-

- ase activity in the blood
: of gulnea pigs under the
effect of peretrating ra-

diation aften prelininary
1rradiation with UV rays

(EUV-15 lamp). "

1 «= ipradiation with 7% blodoses
and gamma-irradlation (on the 14th
day). 2 -- irradlatlon with 15
bilodoses and gamma-irradiation

{on the 14th day). ' :

Aand the cholinesterase activity.

Conclusliong

: 1, Experiments on gulnea plgs demonstrated that
prophylactlc use of UV rays increases the resistance of
the organism to the effect of lethal doses (450 v) of
gamma-radiatlon, ' -

2. In animals subjected to prophylactic irvadi-
stion with UVR there lg an increase in the survival
rate, & considerably lesser reduction in the number of
leucocytes, hemoglobin content, and cholinesterase
sctivity, & lesser reduction of work capaclty, and ac~
celerated and more complete reparatlon processes.

: 3, In the mobillzation of the defense mechan-
sems which are at the base of the prophylactic action
of UVR, of substantlal importance 1s the spectral ‘
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,composition and size of the total dose of UV radiation, the
length of time interval between the actions of both agents
on the organlsm, as well as the method of UV irradiation.
The slze of the optimum prophylactic dose of UV

radiation depends on 1ts spectral composition. Upon the
increase of the total dose of erythemic radiation from 7.5
to 15 bilodoses, the prophylactic effect of UV rays increases,

hile the increase of the total radiation dose of PRK-2 lamp
?from 3.75 to 15 biodoses) and bactericldal lamps from 7.5
to 15 biodoses leads to the reduction of the prophylactic
effect.

5. In the comparative evaluation of the prophylactic
effect of UVR of various spectral compositlon used in equal
biological doses, the long-wave radiation of EUV lamp and
the integral stream of PRK-2 burner possess a greater pro- .
tective effect as compared to the short-wave rays of BUV lamp.

6. Equal total doses of UV radiation exert a dlffer-
ent protective effect, depending on the size of the time in-
terval between the end of UV irradiation and the subsequent
- action of gamma-rays. The results of prophylactic irradls-
tion were better at a 1li~day interval, than at an interval
of nine days. -

7. The methods of carrying out the prophylactic
irradiation has a definite effect on the final result,

‘The PRK lamp radiation exerts a greater protective effect
when the animals are irradlated with equal non-erythemic
~doses, and not with progressively higher doses,

8. The data cited in thils work attest to the fact
that, under definite conditlons, UV rays may be used for
the purpose of increasing the resistance of the organism
to penetrating radiation.
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