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reziume

RviZlis portuli traqtis morfologiuri 
cvlilebebi eqsperimentuli qolestazis pi-
robebSi

l.kikaliSvili,q.jandieri,T.TurmaniZe,
l.jandieri

Tbilisis saxelmwifo samedicino univer-
siteti, klinikuri anatomiis da operaciuli 
qirurgiis departamenti, saqarTvelo

RviZlSi da naRvlis sadinrebSi obstruq-
ciis dros ganviTarebuli morfologiuri 
cvlilebebis dinamika kargad aris Seswav-
lili eqsperimentul cxovelebSi, Tumca 
monacemebi portuli traqtis morfologi-
aze mwiria. 
kvlevis mizans warmoadgenda portuli 

traqtebis struqturisa da maTi struq-
turuli elementebis urTierTdamokide-
bulebis Seswavla eqsperimentuli 
qolestazis pirobebSi.
kvleva Catarda vistaris jiSis TeTr vir-

Tagvebze, romelTa wona iyo 200-250 g. naRv-
lis saerTo sadinris gadakvanZvidan me-3, 
me-6 da me-12 dRes hematoqsilin-eoziniT, ma-
sonis triqromis SeRebvis meTodiT da CK 8 
antisxeulis markeris saSualebiT Catare-

buli iyo RviZlis qsovilis histologiuri, 
histoqimiuri da imunohistoqimiuri kvleva. 
naRvlis saerTo sadinris gadakvanZva 

iwvevs sanaRvle sadinrebis sistemur reaq-
cias da Tanmxlebi reaqciebis kompleqss, 
romelic heterogenuria, rac damokidebulia 
rogorc Tavad sanaRvle gzebis, aseve por-
tuli traqtebis kalibrze. naRvlis saerTo 
sadinris gadakvanZva iwvevs naRvlis msxvi-
li sadinrebis gafarToebas, mis zewolas 
karis venebze, ris Sedegadac viTardeba sana-
Turebis deformacia, portuli traqtis ar-
qiteqtonikis cvlileba da portuli ubnebis 
gafarToeba, rac, Tavis mxriv, iwvevs karis fib-
rozsa da sadinrebis reaqciis zrdas.
naRvlis saerTo sadinris gadakvanZvis 

pirobebSi naRvlis mcire sadinrebi nak-
lebadaa midrekili gafarToebisken, magram 
aqtiurad xdeba maTi proliferacia da far-
Tod SeRweva RviZlis wilakebis parenqimaSi. 
am sadinrebis reaqciis safuZvelze viTarde-
ba mzardi intensivobis fibrozi, romelic 
akavSirebs momijnave portul traqtebs 
erTmaneTTan da agreTve akavSirebs por-
tul traqts da RviZlis venebis wvrili 
Senakadebis SemaerTebeli qsovilis garsebs. 
aseTi fibrozis pirobebSi Znelia mcire ka-
libris calkeuli portuli traqtis iden-
tificireba da ufro metic, maT elementebs 
Soris urTierTobis garkveva.
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Ionizing 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-

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]. 
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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 
Tbilisi State Medical University (TSMU).

Animal care and maintenance:
3-month and 1e-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 200-220C 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, III 
control group - 1-year-old not irradiated mice, and IV 
experimental group – 1-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. 

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).
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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).

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.

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, II); 
B- Average time to cross the maze (min) in control and experimental mice (groups I, II)

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, II); 
B- Average time to cross the maze (min) in control and experimental mice (groups I, II)

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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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.

РЕЗЮМЕ

ВЛИЯНИЕ ИОНИЗИРУЮЩЕГО ИЗЛУЧЕНИЯ 
НА КОГНИТИВНЫЕ ПАРАМЕТРЫ У БЕЛЫХ 
МЫШЕЙ

Калмахелидзе С.Л., Мусеридзе Д.Р., Гогебашвили М.Е., 
Ломаури Х.Н., Габуния Т.Т., Саникидзе Т.В. 

Тбилисский государственный медицинский универси-
тет; Центр экспериментальной биомедицины им. 
И. Бериташвили, Грузия

Целью исследования явилось установление зависи-
мости когнитивных параметров гамма-облученных 

белых мышей от возраста и периода после облучения.
В исследовании использовались трехмесячные и 

годовалые самцы мышей (Mus musculus). Облучение 
всего тела мышей суммарной дозой 5 Гр проводили с 
помощью 137Cs в «Гамма-капсуле-2». Способность к 
пространственному обучению и формированию памя-
ти оценивались в крестообразном лабиринте припод-
нятого типа. Исследования проводили спустя 48 часов 
и 30 дней после облучения в течение семи дней (пять 
тестов каждый день). Рассчитывали количество оши-
бок (отклонения от оптимальной траектории) и общее 
время прохождения лабиринта.

Результаты исследования показали, что ионизирую-
щее облучение общей дозой 5 Гр приводит к замедле-
нию процесса пространственного обучения, вызывает 
изменения пространственной памяти и поведения у 
разных возрастных групп животных - старые мыши 
оказались более радиорезистентными. Возрастная 
радиорезистентность играет особенно значимую роль 
на ранней стадии пост-радиационного восстановле-
ния. Однако формирование эффекта позднего радиа-
ционного старения, особенно ярко выражено у моло-
дых животных.

reziume

maionizebeli gamosxivebis gavlena kogni-
tur parametrebze TeTr TagvebSi

s. kalmaxeliZe, d. museriZe, x. lomauri, 
m. gogebaSvili, T. gabunia, T. sanikiZe

Tbilisis saxelmwifo samedicino univer-
siteti; i. beritaSvilis eqsperimentuli 
biomedicinis centri, saqarTvelo

kvlevis mizans warmoadgenda gama-das-
xivebuli TeTri Tagvebis mexsierebisa da 
swavlis unaris damokidebulebis dadgena 
asakze da dasxivebis Semdgomi periodis xan-
grZlivobaze.
kvlevaSi gamoyenebuli iyo sami Tvis da 

erTi wlis mamali Tagvebi (Mus musculus). 
Tagvebis mTeli sxeulis dasxiveba saerTo 
doziT 5 Gy xorcieldeboda 137Cs–iT, „gama 
kafsula-2“-is gamoyenebiT. sivrciTi swavli-
sa da mexsierebis formirebis unari Sefas-
da amaRlebul jvaredin labirinTSi. eqs-
perimentebi Catarda dasxivebis 48 saaTis 30 
dRis Semdeg, Svidi dRis ganmavlobaSi (xuTi 
testi yoveldRe). gamoTvlili iyo Sec-
domebis raodenoba (gadaxrebi optimaluri 
traeqtoriidan) da labirinTis dasrulebis 
saerTo dro.
kvlevis Sedegebma aCvena, rom maionizebe-

li gamosxiveba saerTo doziT 5 Gy afer-
xebs sivrciTi swavlebis process, cxovel-
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Ta sxvadasxva asakobriv jgufebSi - asa-
kovani Tagvebi ufro radiorezistentuli 
aRmoCnda. asakTan dakavSirebuli radiore-
zistentoba gansakuTrebul rols asrulebs 

postradiaciuli aRdgenis adreul stadi-
aze. Tumca, gviani radiaciuli daberebis 
efeqtis formireba gansakuTrebiT gamoxatu-
lia axalgazrda cxovelebSi.

DEVELOPMENT OF FORMULATION AND TECHNOLOGY OF FOAMING AGENT 
FROM MASTIC (PISTACIA LENTISCUS L.) GUM

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

1Tbilisi State Medical University, Department of Pharmaceutical Technologies; 
2Department 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, 

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.


