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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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Abstract.
Introduction: Selective degeneration of motoneurons is the 

pathological hallmark of amyotrophic lateral sclerosis (ALS). 
Does serotonin (5-HT) play a role in progression or development 
of disease is under the research.

Aim: The topic of the present paper is pressing as there is no 
data available regarding the spread of ALS. It is also noteworthy 
that previous studies have indicated that the pathogenesis 
of amyotrophic lateral sclerosis (ALS) is closely linked to 
5-hydroxytryptamine (5-HT).

Materials and methods: The clinical research was conducted 
in Georgia . During the last five years, 60 patients from different 
parts of Georgia have been studied, searched, and examined by 
us. including from Samegrolo, Kartli, Adjara, Abkhazia, Guria, 
Kakheti regions. The Georgian Neurologists Corps participated 
and helped us in finding patients.

Brain MRI and electromyography were also performed. 60 
patients with different forms of ALS participated in the study, 
including 34 (56.66%) men and 26 (43.33%) women. Their 
age ranges from 30 to 81 years. The study was conducted after 
obtaining the written consent of the patients, taking into account 
the ethical requirements for the study. we also compared the 
results of the serotonin level of patients with amyotrophic lateral 
sclerosis with a control group of 20 people (aged 18 to 50 years) 
who had no neurological disease in past medical history.

Results: Patients of the first group, with LMN damage, 
are observed with decreased amount of serotonin (61.3) %, 
compared to other pairs, followed by patients of the upper 
neuron and bulbar syndrome groups, the level of serotonin in 
the control group is quite high. Thus, the level of serotonin in 
the group of patients with bulbar events is higher than in the 
other groups.

Conclusions: Low serotonin requires further investigation. 
According to our research, the longer the anamnesis of 
amyotrophic lateral sclerosis patients is, the lower the level of 
serotonin is observed. It should also be taken into account that a 
low level of serotonin may be due to the presence of depression, 
which requires additional research.

We speculate that 5-HT could therefore be a potential 
therapeutic target for amyotrophic lateral sclerosis.

Key words. Serotonin, Amyotrophic lateral sclerosis (ALS), 
motoneuron, depression, Georgia.
Introduction.

Serotonin (5-HT) has been intimately linked with global 
regulation of motor behavior, local control of motoneuron 
excitability, functional recovery of spinal motoneurons as well 
as neuronal maturation and aging. Selective degeneration of 

motoneurons is the pathological hallmark of amyotrophic lateral 
sclerosis (ALS) [1-3]. Amyotrophic lateral sclerosis (ASL) is 
one of the heavy neurodegenerative diseases. It constitutes a 
progressive neuromuscular disease, first records of which have 
been made in medical literature in the first half of 19th century 
[4-10].

Contrary to the above, according to the WHO, epidemiology 
of the disease is based on 2016 meta-analysis results, which 
illustrate, that in north European countries, incidence of the 
disease varies at 1.92 (1.49-2.34), in southern European 
countries 2.22 (1.72-2.73) and in western European countries 
2.35 (1.79-2.92). In USA, prevalence reaches 5.2 for 100,000 
persons. Based on data as of 2014, 16 583 clinical cases were 
identifying in USA [11-16]. The incidence of amyotrophic 
lateral sclerosis is approximately two cases per 100,000 people 
per year. In addition, ALS has been observed to affect certain 
groups of people more, including football players and war 
veterans. However, the reasons for this phenomenon have 
not yet been established. Serotonin levels were determined in 
blood plasma, for which immunoenzymatically analysis was 
performed using ELISA method.
The pressing nature of the matter:

The topic of the present paper is pressing as there are no data 
available regarding the spread of ALS. It is also noteworthy, 
that previous studies have indicated that the pathogenesis 
of amyotrophic lateral sclerosis (ALS) is closely linked to 
5-hydroxytryptamine (5-HT).

Recent studies have confirmed that serotonin stimulates the 
formation of new mitochondria in neurons, which leads to the 
synthesis of cellular ATP at the expense of reducing the demand 
for oxygen.
Purpose of the study.

The aim of the study was to analyze the clinical features of 
patients with ALS and their serotonin levels in the blood serum 
during and we also compared the results of the serotonin level of 
patients with amyotrophic lateral sclerosis with a control group 
of 20 people (aged 18 to 50 years) who had no neurological 
disease in their history.
Study design and Methods.

The clinical research was conducted in Georgia. During the 
last five years, 60 patients from different parts of Georgia have 
been studied, searched, and examined by us. including from 
Samegrolo, Kartli, Adjara, Abkhazia, Guria, Kakheti regions. 
The Georgian Neurologists Corps participated and helped us in 
finding patients. Brain MRI and electromyography were also 
performed. 60 patients with different forms of ALS participated 
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in the study, including 34 (56.66%) men and 26 (43.33%) 
women. Their age ranges from 30 to 81 years. The study was 
conducted after obtaining the written consent of the patients, 
taking into account the ethical requirements for the study. 

Brain MRI and electromyography were also performed. 60 
patients with different forms of ALS participated in the study, 
including 34 (56.66%) men and 26 (43.33%) women. Their age 
ranges from 30 to 81 years. Patients were included in the study 
according to the El Escorial criteria (Brooks B.R. et al., 2000; 
Ludolph A. et al., 2015) [1-4]. The control group consisted of 20 
practically healthy patients.

Pedigree analysis was also performed: a pedigree was 
compiled using standard symbols, which includes information 
on the health status of the proband's relatives. As a result, 
relatives who are at risk of developing the disease or are carriers 
of the pathogenic allele have been identified. Such individuals 
were given appropriate genetic counseling and recommended 
for genetic testing. In addition, upon necessity, the risk of 
developing the disease for the next generation was calculated.

Statistical analysis performed with Statistical Package for 
Social Sciences SPSS 20.0. Baseline patient characteristics 
were reported using the mean (SD) for continuous variables 
according to their distribution. Student’s T-paired test and 
ANOVA analysis was used to compare the means for normally 
distributed continuous variables. p value <0,05 was considered 
to be significant.
Results.

5 (8.33%) patients had confirmed diabetes mellitus, and one 
(1.6%) patient had a family history of athetosis. 4 (6.66%) 
patients had to come into contact with poisonous chemicals. 
2 (3.33%) patients have a history of brain trauma, 35 patients 
(58.33%) are tobacco users.

- 8 (30%) patients have a one-year anamnesis of confirmed 
ALS disease. 

- Three years old - 34 (56.66%) patients.
- 5 (8.33%) patients have a history of 5 years.

- 2 (3.33%) patients have a history of 10 years.
- One (1.66%) patient has an anamnesis of more than 10 years.
The first group consisted of patients suffering from amyotrophic 

lateral sclerosis with initial symptoms, including muscle 
weakness, fasciculations, 36 (60%), they also had pronounced 
muscle atrophy and atony.

The second group consisted of patients whose ALS disease 
(23 patients (38.33%)) started with limitation of movement of 
one or both legs, decrease in range and strength of movement; 
increase of deep reflexes and expansion of the reflexogenic 
zone, pathological reflexes; increase of spasticity. The third 
group consisted of patients whose disease started with bulbar 
events. ALS was diagnosed in 24 (40%) patients with speech 
difficulties, the patient spoke "through the nose", had difficulty 
swallowing, speech disorders (dysarthria, anarthria), voice 
production disorders (dysphonia, aphonia). Disappearance of 
soft palate and throat reflexes, salivation, breathing disorders 
were soon added to the symptoms.
Discussion.

60 patients with different forms of ALS diagnosed with 
amyotrophic lateral sclerosis were examined by us in Georgia 
over the last five years, including 34 (56.66%) men and women 
- 26 (43.33%) of which the most patients were from 1955-1965 
33 (55%) were born, 12 women (20%), 11 men (18.33%). 5 
(8.33%) patients with ALS disease in the anamnesis of our 
research have confirmed diabetes mellitus, 1 (1.6%) patient has 
a family anamnesis of athetosis. 4 (6.66%) patients had contact 
with poisons and chemicals, 2 (3.33%) patients have a history of 
brain trauma, 35 (58.33%) patients are tobacco users.

Among our patients, the most patients with a history of long-
term disease have three years - 34 (56.66%), while the history 
of confirmed ALS disease with one year - 18 (30%) patients. 5 
(8.33%) patients have a history of 5 years; 2 (3.33%) patients 
have an anamnesis of 10 years, one (1.66%) patient has an 
anamnesis of more than 10 years.

Patients of the first group, with damage to the lower 
motoneuron, are observed with a decreased amount of serotonin 
(61.3 %). Patients of the second group, with damage to the 
upper motoneuron, have a low level of serotonin (24.1%, p < 
0.05). Patients of the third group with bulbar complaints have a 
higher level of serotonin than patients of the first group and its 
level reaches 2.541±0.149 µmol/L (p < 0.01), while the level 
of serotonin in the healthy group is only low in 12.1% (p < 0 
,04). Patient diagnosed with ALS had higher depression levels 
compared to control group, results will be presented in another 
manuscript, studies have proven our findings that the prevalence 
of depression in ALS ranges from approximately 20% to 50%, 
which is notably higher than in the general population. 

One proposed mechanism through which serotonin may 
exert its neuroprotective effects in ALS is by modulating 
neuroinflammation. Neuroinflammation, characterized by 
the activation of immune cells and release of inflammatory 
molecules in the central nervous system, plays a crucial role 
in the progression of ALS. Serotonin has been shown to inhibit 
the activation of microglia, the primary immune cells of the 
central nervous system, and reduce the production of pro-
inflammatory cytokines, thereby attenuating neuroinflammation 

Women Men
Among those born in 1937-
1948, -9 (15%) patients 2(3.33%) 7(11.66%)

1949-1954 - 7 (11.66%) 2 (3.33%) 5 (8.33%)
1955-1965, - 33 (55%) 12 (20%) 11 (18.33%)
1966-1975, 13 (21.66%) 8 (13,33%)  5 (8,33%)
1976-1986, 5 (8,33%) 2 (3,33%) 3 (5%)
1986-1995, 2 (3,33%) 1 (1,66%) 1 (1,66%)
Among those born after 
1995-1 patients - 1 (1,66%)

Table 1. Patients by age and gender.

Figure 1. History of patients with confirmed ALS.
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and protecting against neuronal damage in ALS. One study that 
investigated Potential Effects of Serotonin in the Cerebrum of 
SOD1 G93A Transgenic Mice, concluded that 5-HT (Serotonin) 
plays a protective role in ALS, likely by regulating neural stem 
cells in the subventricular zone that might be involved in neuron 
development in the piriform cortex.16 Serotonin may also 
promote neuroprotection by enhancing neuronal survival and 
function. Animal studies have demonstrated that serotonin can 
stimulate the production of neurotrophic factors, such as brain-
derived neurotrophic factor (BDNF), which support the survival 
and growth of neurons. Furthermore, serotonin receptors are 
expressed on motor neurons, and activation of these receptors 
has been shown to promote neuronal survival and regeneration 
in experimental models of ALS.
Conclusion.

Patients of the first group, with lower motoneuron damage, 
are observed with decreased amount of serotonin (61.3) %, 
compared to other pairs, followed by patients of the upper 
neuron and bulbar syndrome groups, the level of serotonin in 
the control group is was higher.

Thus, the level of serotonin in the group of patients with bulbar 
events is higher than in the other groups, although both upper 
and lower motoneuron group patients are distinguished by the 
age of the disease. Low serotonin requires further investigation. 
According to our research, the longer the anamnesis of 
amyotrophic lateral sclerosis patients is, the lower the level of 
serotonin is observed. It should also be taken into account that a 
low level of serotonin may be due to the presence of depression, 
which requires additional research. 5-HT could therefore be a 
potential therapeutic target for amyotrophic lateral sclerosis. It's 
important to note that the role of serotonin in ALS is complex, 
and its effects may depend on various factors, including the 
stage of the disease and the specific neuronal populations 
involved. While some studies suggest a neuroprotective role for 
serotonin in ALS, others have reported conflicting findings or no 
significant effect. Further research is needed to fully elucidate 
the mechanisms underlying the potential protective effects of 
serotonin in ALS and to explore its therapeutic potential as a 
target for disease-modifying treatments.

Conflict of interest: Nothing to declare.
Authors’ contribution: Conceptualization, methodology, 

formal analysis, investigation, resources, data curation, formal 
analysis-Nana Kvirkvelia, Maia Beridze, Mariam Kekenadze. 
Formal analysis, investigation, resources, data curation- 
Shorena Vashadze.

Redaction-Mariam Kekenadze.

REFERENCES
1. Abraham A, Nefussy B, Fainmesser Y, et al. Early post-
marketing experience with edaravone in an unselected group 
of patients with ALS. Amyotroph Lateral Scler Frontotemporal 
Degener. 2019;20:260-263.
2. Arnoux A, Dupuis L. Serotonin and the 5-HT2B Receptor in 
Amyotrophic Lateral Sclerosis. In: Maroteaux, L., Monassier, 
L. (eds) 5-HT2B Receptors. The Receptors, Springer, Cham. 
2021:35.

3. Brenner D, Yilmaz R, Müller K, et al. Hot-spot KIF5A 
mutations cause familial ALS. Brain. 2018;141:688-697.
4. Dharmadasa T, Kiernan MC. Riluzole, disease stage and 
survival in ALS. Lancet Neurol. 2018;17:385-386.
5. Fortuna A, Gizzi M, Bello L, et al. Safety and efficacy of 
edaravone compared to historical controls in patients with 
amyotrophic lateral sclerosis from North-Eastern Italy. J Neurol 
Sci. 2019;404:47-51.
6. Fang T, Al Khleifat A, Meurgey J-H, et al. Stage at which 
riluzole treatment prolongs survival in patients with amyotrophic 
lateral sclerosis: a retrospective analysis of data from a dose-
ranging study. Lancet Neurol. 2018;17:416-422.
7. Fratta P, Isaacs AM. The snowball effect of RNA binding 
protein dysfunction in amyotrophic lateral sclerosis. Brain. 
2018;141:1236-1238.
8. Valko K, Ciesla L. Amyotrophic lateral sclerosis. Prog Med 
Chem. 2019;58:63-117.
9. Statland JM, Moore D, Wang Y, et al. Rasagiline for 
amyotrophic lateral sclerosis: A randomized, controlled trial. 
Muscle Nerve. 2019;59:201-207.
10. Kekenadze M, Nebadze E, Kvirkvelia N, et al. Risk factors 
of amyotrophic lateral sclerosis in Georgia. Georgian Medical 
News. 2023;336:91-94.
11. Kekenadze M, Kvirkvelia N, Beridze M, et al. Clinical 
characteristics of als in georgian patients. Georgian Medical 
News. 2021;319:71-75.
12. Ludolph AC, Schuster J, Dorst J, et al. Safety and efficacy 
of rasagiline as an add-on therapy to riluzole in patients with 
amyotrophic lateral sclerosis: a randomised, double-blind, 
parallel-group, placebo-controlled, phase 2 trial. Lancet Neurol. 
2018;17:681-688.
13. Mora JS, Genge A, Chio A, et al. Masitinib as an add-
on therapy to riluzole in patients with amyotrophic lateral 
sclerosis: a randomized clinical trial. Amyotroph Lateral Scler 
Frontotemporal Degener. 2019;21:5-14.
14. White MA, Kim E, Duffy A, et al. TDP-43 gains function 
due to perturbed autoregulation in a Tardbp knock-in mouse 
model of ALS-FTD. Nat Neurosci. 2018;21:552-563.
15. Haney MM, Sinnott J, Osman KL, et al. Mice lacking brain-
derived serotonin have altered swallowing function. Otolaryngol 
Head Neck Surg. 2019;161:468-471.
16. He P, He B, Li S, et al. Distribution Features and Potential 
Effects of Serotonin in the Cerebrum of SOD1 G93A Transgenic 
Mice. eNeuro. 2022;9.

Серотонин и боковой амиотрофический склероз (АЛС)
Шорена Вашадзе1. Мариам Кекенадзе², Нана 

Квирквелия ₃ Майя Беридзе².
1. Факультет естественных наук и здравоохранения 

Батумского государственного университета 
имени Шота Руставели, Батуми, Грузия 
2. Департамент клинической неврологии, Национальная 
больница неврологии и нейрохирургии (NHNN), Грузия. 
3. Институт неврологии им. П. Сараджишвили. Грузия

Резюме 
Дегенерация мотонейронов является патологическим 

признаком бокового амиотрофического склероза (БАС).
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Тема актуальна, поскольку данных о распространении в 
Грузии про БАС нет. Также примечательно, что исследования 
показали, что патогенез бокового амиотрофического 
склероза (БАС) тесно связан с 5-гидрокситриптамином (5-
НТ).

Целью исследования было проанализировать 
клинические особенности больных БАС и уровень 
серотонина в сыворотке крови у них.

Материалы и методы. Клинические исследования 
проводились в Грузии. За последние пять лет нами были 
изучены, обысканы и обследованы 60 пациентов из 
разных уголков Грузии. в том числе из Самегроло, Картли, 
Аджарии, Абхазии, Гурии, Кахетии. Корпус неврологов 
Грузии принял участие и помог нам в поиске пациентов. 
Также были проведены пациентам МРТ головного мозга 
и электромиография. В исследовании приняли участие 60 
пациентов с различными формами БАС, из них 34 (56,66%) 
мужчин и 26 (43,33%) женщин. Их возраст колеблется от 
30 до 81 года. Исследование проводилось после получения 
письменного согласия пациентов с учетом этических 
требований к исследованию. и сравнили результаты 
уровня серотонина у больных боковым амиотрофическим 
склерозом с контрольной группой из 20 человек (в возрасте 
от 18 до 50 лет), не имевших заболевания в анамнезе.

Результаты У пациентов первой группы с поражением 
нижних мотонейронов наблюдается пониженное 
количество серотонина (61,3) %, по сравнению с другими 
парами, за ними следуют пациенты групп верхних 
нейронов и бульбарного синдрома, уровень серотонина 
в контрольной группе достаточно высок. высокий. 
Таким образом, уровень серотонина в группе больных с 
бульбарными явлениями выше, чем в остальных группах, 
хотя по возрасту заболевания различаются пациенты как 
верхней, так и нижней мотонейронной группы. 

Выводы.Низкий уровень серотонина требует дальнейшего 
исследования. По данным наших исследований, чем 
длительнее анамнез больных боковым амиотрофическим 
склерозом, тем ниже наблюдается уровень серотонина. 
Также следует учитывать, что низкий уровень серотонина 
может быть следствием наличия депрессии, что требует 
дополнительных исследований.

Таким образом, 5-НТ может быть потенциальной 
терапевтической мишенью при боковом амиотрофическом 
склерозе.

КЛЮЧЕВЫЕ СЛОВА: Серотонин, Боковой 
амиотрофический склероз (АЛС), Мотонейрон Депрессия, 
Грузия.
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