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EFFECTS OF IONIZING RADIATION ON COGNITIVE PARAMETERS IN WHITE MICE
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Thilisi State Medical University; Beritashvili center of Experimental Biomedicine, Georgia

lonizing radiation has multiple effects on brain func-
tioning, behavior, and cognitive function. These changes
are largely dependent on the radiation dose. Studies re-
vealed that ionizing radiation affects the functions of the
central nervous system what results in behavior and mem-
ory changes; these changes occur as a result of a direct
effect of irradiation of the central nervous system and also
its indirect effects, resulted of response to irradiation of
other organ systems [6].

The central nervous system is considered a radiosen-
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sitive system, and the degree of its dysfunction can be
evaluated by electrophysiological, biochemical, and be-
havioral parameters. Impairments of these parameters can
be observed after local, also total irradiation of the whole
body [14]. Nowadays, there is increasing evidence litera-
ture date that the response of the central nervous system to
radiation is a continuous and interactive process. Particu-
lar attention is paid to apoptotic cell (neuronal) death, as
well as, mechanisms of cells’ damage and death induced
by secondary injury [9].

187



Recent studies revealed cranial radiation therapy’s
impact on a wide range of brain functions resulting in
cognitive and memory deficiency. Radiation-induced al-
terations develop with a dose-volume-dependent severity.
After irradiation of the brain, detrimental effects develop,
acute, early, delayed, and late injuries are observed [11].
High doses of ionizing radiation induce reactive gliosis,
white matter necrosis, vascular abnormalities, which are
irreversible and result in clinical symptoms [4]. Low dos-
es can also induce a wide array of cognitive dysfunctions
without any significant morphological changes [7].

Dysfunction of the central nervous system is manifest-
ed after a certain interval of time (months or years) of
radiation exposure. Cognitive impairment is revealed in
various degrees of learning difficulties, behavior changes,
and memory deficits [5].

The presence of cognitive disorders after exposure to
high dose irradiation have a connection to the hippocam-
pus glial cells and proliferating progenitor cells in the
sub-granular zone of the dentate gyrus. [8]. This region
is especially sensitive to ionizing radiation [1]. Doses of
ionizing radiation above 1 Gy decreased the number of
neural progenitor cells, which results in the arrested cell
cycle, induces oxidative stress [3], and cognitive disabil-
ity, memory, and learning dysfunctions [10, 12, 15].

The aim of the study was to establish the dependence
of memory processes and learning ability in gamma-irra-
diated white mice on the age and period after irradiation.

Material and methods. The experimental protocol was
in accordance with the guidelines for care and use of labo-
ratory animals as adopted by the Ethics Committee of the
Thbilisi State Medical University (TSMU).

Animal care and maintenance:

3-month and le-year-old male mice (Mus musculus),
were obtained from the Vivarium of Tbilisi State Medical
University. They were housed in animal cages, with room
temperature maintained at 20°-220C and relative humid-
ity of 50-70%. Also, a time-controlled system provided
08:00-20:00 h of light and 20:00-08:00 h dark cycles. All
mice were given a standard rodent chow diet and water
from sanitized bottle fitted with stopper and sipper tubes.

Experimental design:

After acclimatization for a week to laboratory condi-
tions, the mice were divided into four different groups.
The I control group - of 3-month-old not irradiated mice,
II experimental group - 3-months-old irradiated mice, 11
control group - 1-year-old not irradiated mice, and IV
experimental group — l-year-old irradiated mice. Mice
whole-body irradiation with 137Cs was performed at a
dose rate of 1,1Gy/min for the total dose of 5 Gy with a
“Gamma-capsule-2” (group II and IV).

Spatial learning and formation of memory were estimated
in the elevated-type multi-way maze and elevated plus-maze.

The maze consists of 10 platforms (40x10 cm) fixed at a
height of 25 cm. The motivation for movement along the
maze under test conditions was to go back in the box-nest
fixed at the end of the maze.
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Experiments were carried out after 48 hours and 30
days of irradiation for seven days (five trials each day).
Animals were placed in the start point facing the pathway
of the maze. The familiarization session consisted of free
exploration of the start and familiar arms for 10 min. On
the first day, the experimenter helped the animal to find
the optimal way leading to box-nest.

The number of errors (deviations from optimal trajec-
tory) and total time for crossing the maze were calculated.
Analysis of the obtained numerical data allowed us to es-
timate the dynamics of the learning process. Free passing
in the labyrinth during 10-15 sec and the achievement of
automated behavior was considered as a criterion of the
complete learning process.

All experimental areas of labyrinth were wiped with
20% ethanol after each trial. All behavioral experiments
were conducted during the light cycle after two hours of
acclimation.

Statistical analysis of data was carried out using the
“Statistical Package for Social Sciences (SPSS) for Win-
dows (SPSS version 11.0). Data were reported as mean +
SD. A significant level of 0.05 was chosen to assess the
statistical significance.

Results and discussion. Monitoring of spatial learning
process of two animal groups in the elevated maze showed
that animals of group I (control group of 3-month-old
mice) when placed in the maze for the first time, needed
the help of the experimenter only in two trials of the first
testing day. Later they independently opened up the new
environment and demonstrated study activity. On the 5th-
day, mice of the I control group completely opened up the
maze, made no significant errors, and the passage time
significantly decreased. On the 6th and 7th days, all mice
of this group identified the shortest way to the target and
spent an average of 0.20+0,04 minute. At the end of the
experiment, the majority of the animals could pass the
maze in 5-6 sec.

Animals of group II (experimental group of 3-month-
old mice) compared to the control group showed restric-
tion of movement. On the first day of the experiment mice
of this experimental group were not able to learn the way
leading to the nest, even from the last platform. On the 2d,
3-4th days mean the number of errors decreased and mice
reached the target-nest less than in 1 minutes. Mice of ex-
perimental group increased the rate of path recognition,
mostly, from the middle part of the maze. Though, despite
the visible improvement of the spatial learning process,
on the 5-6th days mean the number of errors gradually
increased and on the 7th day almost approached the error
number in the 1st day. Moreover, the meantime of cross-
ing the maze increased to 2,50+0.51 minute on the 7th
day of the experiment. Despite the visible improvement in
the spatial learning process on 3-4th days results obtained
from the II experimental group of animals differed sig-
nificantly from the control group’s results in both studied
parameters (number of errors and time needed for cross-
ing the maze) (Fig. 1).



GEORGIAN MEDICAL NEWS
No 3 (324) 2022

F [=4] [- -]

B

Mean number of errors

(=]

L
I IIIT I T
1 2 3 4 5 3 7

control group W5 Gy

-

_ 35
E 3
£ 25
s 2 |l -
g 15 l
: !
= 05 I 1 -
& wll 1
= D
1 2 3 4 E b 7
B control group @ 5Gy

Fig. 1. Effect of gamma-radiation on the cognitive parameters of 3-month-old white mice
after 48 hours of irradiation (during the 1-week period)
A - Average number of errors in control and experimental mice (groups I, Il);
B- Average time to cross the maze (min) in control and experimental mice (groups I, 1)

Y (=] L]

o

Mean number of errors

[=]

III _- | I I
1

I III’IY T

1 2 3 4 5 [ 7

controd group ®m5 Gy

.

_ 35
g 3
225
B
B1s l
g 1 T
& L
5 05 I 1 =
3 q
= 0
1 2 3 A 5 6 7
B control group @ 5Gy

Fig. 2. Effect of gamma-radiation on the cognitive parameters of 3-month-old white mice
after one month of irradiation (during the 1-week period)
A - Average number of errors in control and experimental mice (groups I, Il);
B- Average time to cross the maze (min) in control and experimental mice (groups I, 1)

The same test was carried out in the experimental groups
after one month of irradiation. During 1-4 days of the ex-
periment there was no significant difference between the
control and experimental group in the average number of
attempts needed for crossing the maze and number of er-
rors, but from the 5th-day number of errors and average
time increased (Fig. 2).
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The same test was carried out in 1-year old mice. In
animals of control group III on the first day of the obser-
vation number of mean errors and meantime for crossing
the maze, accordingly, were equal to 3.85+0.06 and 2.04
minutes. Later they independently opened up the new en-
vironment and the number of errors decreased and on the
6th and 7th days, mice found the shortest way leading to
target and spent an average of 0.19 sec.
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Fig. 3. Effect of gamma-radiation on the cognitive parameters of 1-year old white mice
after 48 hours of irradiation (during the 1-week period)
A - Average number of errors in control and experimental mice (groups I, II);
B- Average time to cross the maze (min) in control and experimental mice (groups I, II)
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Fig. 4. Effect of gamma-radiation on the cognitive parameters of 1-year old white mice
after one month of irradiation (during the 1-week period)
A - Average number of errors in control and experimental mice (groups I, II);
B- Average time to cross the maze (min) in control and experimental mice (groups I, 1I)

Animals of the experimental IV group showed de-
creased number of errors and on the 5th day of the experi-
ment improvement of the learning process and the total
average time: mice reached the target-nest in 0.79+0.3
minute and the number of errors was the same as in the
control group. On 6-7th days improvement of the learning
process and of the total average time needed for crossing
the maze continued to decrease (Fig. 3). The same results
were obtained after one month of irradiation (Fig. 4).

The results of the study indicate that ionizing irradiation
with total dose 5 Gy results in a delayed spatial learning
process. In different age groups of mice, the effect of radi-
ation on the delay of the spatial learning process is differ-
ent - it is especially pronounced in young (3-month-old)
mice. In the old (1-year-old) mice delaying effect of the
radiation on the cognitive functions was insignificant. As
seems from the results of our experiment, aged animals
turned out to be more radioresistant. These data match the
literature data on the age dependence of radiation-induced
cognitive dysfunction; epidemiological studies revealed
that the risk for cognitive dysfunctions is higher during
prenatal and childhood irradiation [2,12].

Conclusion. Using a laboratory white mouse model,
we showed that ionizing radiation exposure causes spatial
memory and behavior changes in different age groups of
animals — aged mice turned out to be more radio-resistant.
A study of cognitive parameters revealed that gamma ir-
radiation can be considered as a factor inducing radiation
aging, which confirms the modern view that radiation ac-
celerates aging and mortality.

Age-related radioresistance plays an especially major
role in the early stage of post-radiation recovery. Though,
the late radiation aging effect formation is especially pro-
nounced in young animals.
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SUMMARY

EFFECTS OF IONIZING RADIATION ON COGNI-
TIVE PARAMETERS IN WHITE MICE

Kalmakhelidze S., Museridze D., Gogebashvili M.,
Lomauri K., Gabunia T., Sanikidze T.

Tbilisi State Medical University; Beritashvili center of
Experimental Biomedicine, Georgia

The aim of the study was to establish the dependence
of memory processes and learning ability in gamma-irra-
diated white mice on the age and period after irradiation.

The 3-month and 1-year-old male mice (Mus muscu-
lus) were used in the study. Mice whole-body irradiation
was performed at a dose of 5 Gy with 137Cs by using
a “Gamma-capsule-2”. Spatial learning and formation of
memory were estimated in the elevated-type multi-way
maze and elevated plus-maze. Experiments were carried
out 48 hours and 30 days after irradiation for seven days
(five trials each day). The number of errors (deviations
from optimal trajectory) and total time for crossing the
maze were calculated.

The results of the study indicate that ionizing irradiation
with a total dose of 5 Gy results in a delayed spatial learn-
ing process, causes spatial memory and behavior changes
in different age groups of animals — aged mice turned out
to be more radio-resistant. Age-related radio-resistance
plays an especially major role in the early stage of post-
radiation recovery. Though, the late radiation aging effect
is especially pronounced in young animals.

Keywords: ionizing radiation, cognitive parameters,
spatial learning, elevated plus maze.
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BJIUSIHUE HOHU3UPYIOLIEIO HM3JIYUYEHUSA
HA KOTHUTHUBHBIE MMAPAMETPBI ¥V BEJIBIX
MBIIIER

Kanmaxesmmze C.JL., Mycepunze JI.P., Toredamsuau M.E.,
Jlomaypu X.H., I'a6ynus T.T., Canuxunse T.B.

Tounuccrkuui 20cy0apcmeeHuvlil MeOUYUHCKUL YHUBEPCU-
mem, Llenmp sxcnepumenmanvHol 6UOMeOUYUHbL UM.
U. bepumawsunu, I pysus

HCHI)IO HCCICJ0BaHUA ABUJIOCH YCTAHOBJICHHUE 3aBUCU-
MOCTH KOTHUTUBHBIX IIapaMETPOB FaMMa-O6ﬂy‘IeHHbIX
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0eJbIX MBINIEH OT BO3pacTa v Mepruoja mociie o0IydeHus..

B wuccnenoBaHuM UCMONB30BAUCH TPEXMECSUHBIE U
rojioBaiible camibl Mbieit (Mus musculus). OOny4yenue
BCEr0 TeJa MblUIe cyMMapHO# 10301 5 I'p npoBonunu ¢
nomotipio *'Cs B «I'amma-karcyne-2». CrocoOHOCTh K
MPOCTPAHCTBEHHOMY 00yUYEeHHUIO U (HOPMUPOBAHUIO TTAMSI-
TH OLIEHUBAJIUCH B KPECTOOOPA3HOM JIAOMPHUHTE MPUIIOJ-
HsATOTO THMA. MccnenoBanust mpoBOAMIIH CITycTs 48 yacoB
u 30 aHel nocne oOyyeHUs B TeUCHUE CEMU JTHEH (TIsITh
TECTOB KaXKAbI AeHb). PaccunThIBa M KOJINYECTBO OLIH-
00K (OTKJIOHEHHS OT ONITHMAJILHOI TPAeKTOPHHN) U 0011Iee
BpeMs IPOXOXKJICHUS JTaOUPHUHTA.

Pesynbrarhl uccie0BaHuUs MOKa3all, YTO HOHU3UPYIO-
iee obmyueHue ooIei 10301 5 I'p MpUBOAUT K 3ameIe-
HUIO TIpOLeCcca MPOCTPAHCTBEHHOTO 00yUESHHSI, BBI3BIBACT
M3MEHEHHMsI TPOCTPAHCTBEHHON MaMsITH W TOBEJCHUS Y
Pa3HbIX BO3PACTHBIX I'PYIIT KUBOTHBIX - CTapble MBIIIN
oKazaJuch OoJiee paJMOpEe3UCTEHTHBIMH. Bo3pacTHas
Paarope3UCTEHTHOCTh UTPAET OCOOCHHO 3HAYMMYIO POJTb
Ha paHHeW CTaJuu MOCT-PaJMallMOHHOIO BOCCTAHOBIIE-
Hust. OnHako GopmupoBanue 3(pdexra No3AHEro paaua-
IIMOHHOTO CTapEeHUsI, 0COOCHHO SIPKO BBIPAKEHO Y MOJIO-
JIBIX )KUBOTHBIX.
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DEVELOPMENT OF FORMULATION AND TECHNOLOGY OF FOAMING AGENT
FROM MASTIC (PISTACIA LENTISCUS L.) GUM

1Zazadze R., 'Bakuridze L., 'Chavelashvili L., 2Gongadze N., 'Bakuridze A.

Thilisi State Medical University, Department of Pharmaceutical Technologies,
’Department of Medical Pharmacology, Georgia

Helicobacter pylori (H. pylori) and its eradication prob-
lem is the subject of intensive research. Since its discov-
ery (1982), this gastropathogen has been considered a
serious public health problem due to its association with
dyspepsia, gastritis, gastric and duodenal ulcers, and gas-
tric carcinoma. Helicobacter pylori is detected in 50-80%
of Asia’s population, 70-90 percent of Africa, 30% of
USA, 70% of Eastern Europe, 30-50 percent of Western
Europe, and 20% of Australia’s population. H. pylori in-
fection is influenced by age, ethnicity, gender, region, and
socioeconomic level [1,5,10].

Numerous investigations on the efficient eradication of
H. pylori have been conducted in vitro and in vivo tri-
als since its discovery. Proton pump inhibitors, several
antibiotics, bismuth salts, and other substances were in-
vestigated. However, research show that these medication
regimens are ineffective. The increase of H. Pylori antibi-
otic resistance is the most significant issue impeding suc-
cessful therapy. Among the difficulties are the following:

- side effects of proton pump inhibitors and antibacte-
rial drugs - cytotoxicity to the intestinal flora and general
toxicity to the body [3,4,10];

- negative attitude towards taking tablets and capsules
by patients and the prescription’s vulnerability [2].

As a consequence, it is critical to develop local antibac-
terial, targeted delivery formulations for H. pylori eradica-
tion that offer extended action and are characterized by high
bioavailability up to H. pylori’s localization in the stomach
mucosa based on the biologically active ingredient [6].

The evergreen plant Mastic gum (Pistacia lentiscus L.,
family Anacardiacae, genus Pistacis L.) was discovered
to exhibit bactericidal effect against 11 strains of Heli-
cobacter pylori. The European Medicines Agency (EMA)
certified Pistacia lentiscus L. gum as a herbal medicine
in 2015 for two therapeutic indications: moderate dys-
pepsia and skin inflammation/minor wound healing. Poor
solubility and biological permeability, on the other hand,
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greatly decrease its healing capability [7].

As a result, the present challenge is to create a mecha-
nism that allows for enhanced medication penetration
across the epithelial barrier in the stomach. In this aspect,
foams are very interesting.Foams are light systems, un-
like solid medicinal forms, they do not swell, on the con-
trary, they grow in volume, completely covering the mu-
cous membrane. Foams are considered as an alternative
to solid and liquid therapeutic forms, they do not require
taste correction, are designed for delivery a healing sub-
stance through the skin and mucous membranes, and for
effective treatment [2,8,9].

The aim of the research was to determine the formula-
tion of the innovative medicinal form - foam system from
Mastic gum and to develop the technology.

- To achieve is the goal we have to solve the follow-
ing tasks:

- Determining the formulation of the foaming powder
composition containing Mastic gum based on biopharma-
ceutical studies;

- Development of foaming powder technology contain-
ing Mastic gum;

- Study of physico-chemical and technological charac-
teristics of foaming powder;

Material and methods. Mastic gum, foaming agents,
foam stabilizing agents, foaming structure - polyol group
substances.

Biopharmaceutical, physico-chemical and technologi-
cal methods of analysis were used in the research process.

Results and discussion. In the first stage, the foaming
substances and their optimal concentration were deter-
mined. Surfactants were used for this purpose: (surfac-
tants) sodium lauryl sulfate (SLS), lecithin, egg white pro-
tein, sodium dodecyl sulfate (SDS). During the research,
the ability of the above substances (foaming agents) to
foam, both individually and in combinations, was studied.
The results are shown in Figs 1 and 2.



