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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Currently, there is an increase in the number of diseases ac-
companied by demyelinating lesions of the central nervous sys-
tem. The most socially significant and least studied among other 
diseases of the nervous system is multiple sclerosis (MS), which 
occurs most often in young and middle age and has an autoim-
mune nature of the course of the disease. MS simultaneously 
affects several parts of the central nervous system, which leads 
to patient disability, worsening of their quality of life, and also 
complicates diagnosis. With this disease, not only white, but 
also gray matter suffers, and demyelination of the gray matter is 
associated with the clinical condition of patients.

To date, drugs for the treatment of MS are aimed at reliev-
ing symptoms, alleviating the manifestation of the disease and 
prolonging the period of remission, but they alone do not restore 
the affected parts of the brain and do not completely cure the 
disease. The search for compounds that would prevent demy-
elination or enhance the process of remyelination is urgent [1].

Thyroid hormones play a significant role in the development and 
functioning of the structures of the nervous system. Thyroid hor-
mones promote the development of the cerebral cortex and cerebel-
lum in the fetus, stimulate the growth of forebrain neurons, axons, 
dendrites, and their myelination [2,3]. When a deficiency of triio-
dothyronine occurs, scientists note violations in the formation of 
the extracellular matrix, which leads to disorders of neuronal cell 
migration during brain development [4]. In the course of many ex-
periments, the influence of thyroid hormones on the processes of 
differentiation and maturation of various subtypes of oligodendro-
cytes and astrocytes has been established [10,11]. These effects are 
realized through nuclear receptors for triiodothyronine. They are 
present in high concentrations in the neurons of the amygdala and 
hippocampus, as well as in the cerebral cortex, to a lesser extent in 
the brainstem and cerebellum.

Some scientists consider the process of myelination as T3-medi-
ated activation of glia [2]. Triiodothyronine, in their opinion, regu-
lates not only the differentiation of oligodendrocytes, but also the 
synthesis of myelin through nuclear receptors to thyroid hormones. 
It is assumed that hypofunction of the thyroid gland inhibits the 
expression of genes encoding the synthesis of structural myelin pro-
teins: myelin basic protein, proteolipid protein, myelin-associated 
glycoprotein, which leads to a decrease in myelin production and 
the number of myelinated axons [2,10,11].	

Animal models help to understand the complex interactions 
between different CNS cell types and to reveal the general 
mechanisms of damage and repair of myelin sheaths. There are 
four well-characterized experimental approaches to inducing 
CNS demyelination in rodents:

1. genetic mutations of myelin;
2. autoimmune inflammatory demyelination (experimental 

autoimmune encephalomyelitis);

3. viral demyelination;
4. toxic demyelination.
Cuprizone-induced lesion has attracted much attention and rec-

ognition in recent years. This model is a toxic model of demyelin-
ation of white and gray matter in the central nervous system, which 
lacks an autoimmune component. Cuprizone induces apoptosis of 
mature oligodendrocytes, resulting in sustained demyelination and 
activation of astrocytes and microglia with regional heterogeneity 
between different regions of gray and white matter. This model 
is extremely useful for clarifying the mechanisms during de- and 
especially remyelination, regardless of interaction with peripheral 
autoimmune cells. With regular administration of cuprizone, remy-
elination is interrupted and demyelination persists until the end of 
the diet (chronic demyelination) [2].

The aim of the study was to study the effect of thyroid hormones 
on remyelination processes in rats in the cuprizone model of mul-
tiple sclerosis in comparison with the process of hypothyroidism.

Tasks: 1) reproduction of the model of multiple sclerosis in 
rats by means of cuprizone; 2) study of the effect of thyroid 
preparations on remyelination processes; 3) study of the influ-
ence of hypothyroid pathology in the cuprizone model of mul-
tiple sclerosis.

Material and methods. The object of the study was sexu-
ally mature male rats (4-4.5 months) weighing 180-300 g of 
the Wistar line (n=35). The experiment was carried out on the 
basis of the Department of Pharmacology and Pharmacy, North-
Western State Medical University named after I.I. Mechnikov of 
the Ministry of Health of Russia. All experimental procedures 
were carried out in accordance with the rules of the European 
Convention for the Protection of Vertebrate Animals used for 
Experimental and other Scientific Purposes.

Fig. 1. Study research

THYROID STATUS: IS IT POSSIBLE TO RESTORE MYELIN?

Kachanov D., Atangulov G., Usov S., Borodin A., Gadzhiibragimova Z.

North-Western State Medical University named after I.I. Mechnikov, Saint-Petersburg, Russia

Table 1. Study groups

Group n Specification

“Control” (I) 5 animals receiving regular normal water
“ Demyelination”(II) 10 animals receiving 0.3% cuprizone solution instead of drinking

“Hyperthyroidism”(III) 10 animals receiving 0.3% cuprizone solution instead of drinking, which were injected 
intraperitoneally with L-thyroxine at a dose of 1.5 μg/kg

“Hyperthyroidism”(IV) 10 animals receiving, instead of drinking, 0.02% aqueous solution of propylthiouracil
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The animals were divided into 4 groups (Table 1): group I - 
“Control” (n=5); group II - “Demyelination” (only cuprizone, 
n=10); group III - “Hyperthyroidism” (cuprizone + L-thyroxine, 
n=10); group IV - “Hypothyroidism” (cuprizone + propylthio-
uracil, n=10).

During the experiment, the animals were kept on a standard 
vivarium diet with free access to water and food under a 12/12 
light regime.

Demyelination was induced by chronic oral administration of 
a 0.3% aqueous solution of cuprizone, which was given to the 
rats instead of drinking for 3 weeks. To assess the effect of thy-
roid hormones, group III animals received L-thyroxine at a dose 
of 1.5 μg/kg. To create experimental hypothyroidism, we used 
the propylthiouracil model. Propylthiouracil (PTU) was used 
as a 0.02% aqueous solution. According to the calculated data, 
each animal received approximately 0.78 mg PTU per 100 g of 
body weight per day.

The experimental animals were weighed before the start of the 
study and 7, 14 and 21 days after the start of Cuprizone intake, since 
weight loss is one of the manifestations of the toxic effect of Cu-
prizone on the animal body. Control rats were weighed at the same 
time. It was found that after the completion of the cuprizone intake, 
the rats of all the studied groups lost weight (p<0.05).

To study the behavioral response in animals, we used the 
“open field” test, which is one of the adequate criteria for as-
sessing motor disorders when using neurotoxins, including cu-
prizone [4]. 

The test also makes it possible to assess exploratory and emo-
tional activity in animals. In rats, the number of crossed squares 
(horizontal locomotor activity, HLA), vertical stands with sup-
port and without support on the wall (vertical locomotor activity, 
VLA), mink reflex, and emotional behavior were recorded for 
three minutes. The mink reflex, together with VLA, character-
izes the research activity of the animal. Behavior was assessed 
before and three weeks after cuprizone consumption.

For morphological studies of the central nervous system, his-
tological sections of the brain (cortex) and spinal cord (lumbar 
region) with toluidine blue (according to Nissl) were used. This 
dye binds to membrane structures, which allows at the level of 
light microscopy to diagnose the state of the nucleus and cyto-
plasm of neurons, namely the chromatophilic substance. In this 
analysis, we determined the proportion of unchanged neurons 
and the proportion of neurons with various structural changes, 
which manifested themselves in the form of changes in the 
shape of the body and nucleus of the neuron, the peculiarities of 
the placement of the chromatophilic substance. 

All structural changes can be subdivided into moderate and 
pronounced. Moderate disorders are characterized by displace-
ment of the nucleolus to the nuclear envelope and an increase in 
the size of the nucleus, hypochromic cytoplasm, the chromato-
philic substance is not detected. Severe neuronal disorders are 
destructive changes characterized by a decrease in the size of the 
nucleus with irregular contours, without a visualized nucleolus.

Morphological studies in the studied groups of rats were car-
ried out three weeks after the start of the experiment.

Student’s t-test was used for statistical analysis of the results.
Results and discussion. In the rats of the main study groups, 

deviations of the initial behavior from the control group were 
revealed. After taking cuprizone in rats of the “Demyelination” 
and “Hypothyroidism” groups, practically all studied behavior-
al reactions (horizontal activity, vertical  activity, research and 
emotional activity) were inhibited. The decrease was especially 
pronounced in the “Hypothyroidism” group (Fig. 2-4).

Fig. 2. Influence of cuprizone on the number of squares 
crossed in the open field test

Fig. 3. Influence of cuprizone on the “vertical racks” index in 
the open field test

Fig. 4. Influence of cuprizone on the “burrowing” index in 
the open field test

According to many studies, it is believed that hypofunction 
of the thyroid gland inhibits the expression of genes encoding 
the synthesis of structural myelin proteins: myelin basic protein, 
proteolipid protein, myelin-associated glycoprotein, which leads 
to a decrease in myelin production and the number of myelin-
ated axons. In this regard, such changes may be associated with 
rats in the “Hypothyroidism” group.

After taking cuprizone in the gray matter of the brain and spinal 
cord of rats in the groups “Demyelination”, “Hyperthyroidism” and 
“Hypothyroidism”, structural changes in neurons were revealed. 
The most pronounced changes were found in the “Hypothyroid-
ism” group, the least - in the “Hyperthyroidism” group. During 
morphometric analysis, it was found that the structural changes in 
the CNS neurons in the experimental rats were of a different nature 
- from moderate to pronounced (destructive) (Table 2).
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We observed significant neuronal damage, which charac-
terizes apoptosis, in the “Hypothyroidism” group, which in-
dicates deeper pathological changes in cells. In this case, neu-
ronal degeneration may be associated with the activation of 
microglia, which secretes pro-inflammatory cytokines, which 
are the pathogenetic link in multiple sclerosis. There is also 
the development of oxidative stress in the nervous system.

The results of morphological studies in rats are largely 
consistent with the data on the assessment of behavioral 
reactions, which is associated with the physiological char-
acteristics of those parts of the central nervous system that 
were studied in this work. In providing motor activity, motor 
neurons of the spinal cord interact with the cerebral cortex. 
The results of disturbed functioning of the cerebral cortex are 
changes in HLA and VLA. Also, the cerebral cortex, together 
with the hypothalamus and the limbic system, is the main 
component of the emotional manifestation of behavioral re-
actions. We can assume that the manifestations of motor dis-
orders and emotional behavior that develop in conditions of 
taking cuprizone are the result of not only demyelination of 
the central nervous system, but are also associated with dam-
age to the neurons of the brain and spinal cord.

In this work, we saw that rats receiving both cuprizone and 
L-thyroxine had higher rates in behavioral responses and had 
fewer morphological changes in the brain and spinal cord 
compared to the Demyelination and Hypothyroidism groups. 
This fact may indicate the myelin and axonoprotective prop-
erties of this substance.

Conclusion. In rats, under the influence of cuprizone, be-
havioral reactions are inhibited and changes in the structures 
of neurons in the cerebral cortex and lumbar spinal cord are 
noted. The severity of these disorders also depends on the 
thyroid status of the rat organism. In the normal hormonal 
balance, less significant changes are noted, when in a state of 
hypofunction these disorders are more pronounced. The Cu-
prizone model of demyelination is an adequate experimental 
model of neurodegeneration and behavior disorders, and thy-
roid hormones can be considered as one of the components of 
new drugs aimed at treating multiple sclerosis.
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Table 2. Morphological changes in the cortex and lumbar spinal cord in rats after 3 weeks the start of the experiment

Gropus Unchanged neurons, % Neurons with moderate 
changes, %

Neurons with destructive 
changes, %

Сortex

“Control” (I) 95 5 0

“ Demyelination”(II) 55 40 5

“Hyperthyroidism”(III) 68 31 1

“Hyperthyroidism”(IV) 43 50 7

Lumbar spinal cord

“Control” (I) 95 5 0

“ Demyelination”(II) 78 20 2

“Hyperthyroidism”(III) 80 20 0

“Hyperthyroidism”(IV) 60 35 5
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SUMMARY

THYROID STATUS: IS IT POSSIBLE TO RESTORE MY-
ELIN?

Kachanov D., Atangulov G., Usov S., Borodin A., 
Gadzhiibragimova Z.

North-Western State Medical University named after I.I. Mech-
nikov, Saint-Petersburg, Russia

	
The number of demyelinating diseases of central nervous sys-

tem are prone to grow nowadays. The most socially significant 
and well studied one is multiple sclerosis. The search of susb-
stances that would stop demyelinisation or reinforce the process 
of remyelination is in great request. Thyreoid gland hormones 
play a sufficient role in nervous system functioning and develop-
ing. Some studies show, that triiodothyronine regulates myelin 
synthesis through thyroid-sensitive nuclear receptors. In our 
study process of demyelination were modelled via сuprizone 
model, which appears to be an optimal method, since it allows 
to witness the process of demyelination without an autoimmune 
component. Results of the study show effectiveness of thyroid 
hormones for myelin and axon protection. In rats, under the 
influence of cuprizone, behavioral reactions are inhibited and 
changes in the structures of neurons in the cerebral cortex and 
lumbar spinal cord are noted. The severity of these disorders 
also depends on the thyroid status of the rat organism. In the nor-
mal hormonal balance, less significant changes are noted, when 
in a state of hypofunction these disorders are more pronounced. 
The cuprizone model of demyelination is an adequate experi-
mental model of neurodegeneration and behavior disorders, and 
thyroid hormones can be considered as one of the components 
of new drugs aimed at treating multiple sclerosis.

Keywords: thyroid status, demyelination, cuprizone, mul-
tiple sclerosis.

РЕЗЮМЕ 

ТИРЕОИДНЫЙ СТАТУС ЩИТОВИДНОЙ ЖЕЛЕЗЫ: 
МОЖНО ЛИ ВОССТАНОВИТЬ МИЕЛИН? 

Качанов Д.А., Атангулов Г.И., Усов С.А., Бородин А.В., 
Гаджибрагимова З.Б.

Северо-Западный государственный медицинский универси-
тет им. И.И. Мечникова, Санкт-Петербург, Россия

В настоящее время наблюдается увеличение числа забо-
леваний, сопровождающихся демиелинизирующими пора-
жениями ЦНС. Наиболее социально значимым и наименее 
изученным среди них является рассеянный склероз. 

Цель исследования - изучить влияние гормонов щитовид-
ной железы на процессы ремиелинизации у крыс на купри-
зоновой модели рассеянного склероза в сравнении с процес-
сом гипотиреоза.

Объектом исследования служили половозрелые крысы-
самцы (4-4,5 мес.) линии Вистар массой 180-300 г (n=35). 

Эксперимент проводился на базе кафедры фармакологии и 
фармации Северо-Западного государственного медицинского 
университета им. И.И. Мечникова Минздрава России. Жи-
вотные разделены на 4 группы: I группа - «контроль» (n=5); II 
группа - «демиелинизация» (только купризон, n=10); III груп-
па - «гипертиреоз» (купризон + L-тироксин, n=10); IV группа 
- «гипотиреоз» (купризон + пропилтиоурацил, n=10).

Ряд исследователей считают, что трийодтиронин регу-
лирует синтез миелина через ядерные рецепторы к тирео-
идным гормонам. В проведенном исследовании процессы 
демиелинизации смоделированы с помощью купризоновой 
модели, которая представляется наиболее оптимальным ме-
тодом, так как позволяет рассмотреть процесс демиелиниза-
ции в отсутствии аутоиммунного компонента. 

Результаты исследования показали высокие миелино- и 
аксонопротективные свойства гормональных препаратов 
щитовидной железы. 

reziume

farisebri jirkvlis Tiroiduli statusi: Sesa-
Zlebelia mielinis aRdgena?

d.kaCanovi, g.atangulovi, s.usovi, a.borodini, 
z.gajibragimova

i.meCnikovis sax. Crdilo-dasavleTis saxelmwifo 
samedicino universiteti, sankt-peterburgi, ruse-
Tis federacia

kvlevis mizans warmoadgenda farisebri jirkv-
lis hormonebis gavlenis Sefaseba remieliniza-
ciis procesebze virTagvebSi gafantuli sklero-
zis kuprizonuli modeliT hipoTireozis pro-
cesTan SedarebiT. 
kvlevis obieqtebs warmoadgenda Wistar-is xa-

zis zrdasruli, 180-300 gr masis, mamri virTagvebi 
(4-4.5 Tvis asakis; n=35). eqsperimentebi Catarda 
i.meCnikovis sax. Crdilo-dasavleTis saxelmwifo 
samedicino universitetis farmakologiisa da 
farmaciis kaTedris bazaze. cxovelebi daiyo 4  
jgufad: I  – sakontrolo (n=5), II  – “demieli-
nizacia” (marto kuprizoni, n=10), III  – “hiper-
Tireozi” (kuprizoni + L-Tiroqsini, n=10), IV – 
“hipoTireozi” (kuprizoni + propilTiouracili, 
n=10).
zogierTi mkvlevari miiCnevs, rom triiodTiro-

nini mielinis sinTezs aregulirebs Tiroiduli 
hormonebis mimarT mgrZnobiare birTvuli recep-
torebis gziT. Catarebul kvlevaSi demieliniza-
ciis procesebi modelirebulia kuprizonuli 
modelis saSualebiT, romelic yvelaze opti-
malur meTods warmoadgens, iZleva ra demielini-
zaciuri procesebis kvlevis saSualebas auto-
imunuri komponentis arsebobis gareSe. 
kvlevis SedegebiT naCvenebia farisebri jirkv-

lis hormonuli preparatebis maRali mielino- 
da aqsonoproteqtoruli Tvisebebi.


