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Изучена эффективность гиалуронидазной мази, соз-
данной на основе препарата микробной гиалуронидазы 
“Билидаза”, в лечении постоперационных гипертрофи-
ческих рубцов. В исследование включены 14 пациентов 
с постоперационными гипертрофическими рубцами в 
разных частях лица. Лечение проводили путем введения 
гиалуронидазной мази ионофорезом в течение 10 дней, 
каждодневными процедурами. Повторный курс лечения 
проводился с четырехнедельным интервалом. Оценку со-
стояния рубца осуществляли по “шкале оценки Ванкуве-

ра”, которая учитывает васкуляризацию, пигментацию и 
подвижность рубца, боль и зуд. 

Результаты исследования показали, что при лечении гиалу-
ронидазной мазью значительно улучшаются функциональные 
и косметологические показатели рубцовой ткани. До лечения 
общий средний балл составлял 8,1±0,35, после первого курса 
лечения - 5,14±0,9, а после второго курса - 0,85±0,9 (р<0,001). 
Использование гиалуронидазной мази может быть рекомендо-
вано также при операциях пластической хирургии для пред-
упреждения формирования постоперационных рубцов.
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Seswavlilia mikrobuli hialuronidazas sam-
kurnalo preparatis “bilidazas” safuZvelze 
Seqmnili hialuronidazas malamos efeqturoba 
postoperaciuli hipertrofiuli nawiburebis 
mkurnalobaSi. hialuronidazis Semcveli pre-
paratebi farTod gamoiyeneba samedicino praq-
tikaSi. kvlevaSi CarTuli iyo saxis sxvada-
sxva nawilSi operaciis Semdgomi hipertofiuli 
nawiburis mqone 14  pacienti. hialuronidazis 
malamos Seyvana xdeboda ionoforezis saSuale-
biT. pacientebs mkurnaloba utardeboda yovel-
dRiuri procedurebiT 10 dRis ganmavlobaSi. 
mkurnalobis ganmeorebiTi kursi tardeboda 
4-  kviriani SualediT.  nawiburis Sefaseba xde-

boda pigmentaciis, vaskularizaciis, Zvradobis, 
simaRlis, aseve tkivilisa da qavilis mixedviT 
„vankuveris Sefasebis skalis“ Sesabamisad. gamokv-
levis Sedegebma aCvena, rom hipertrofiuli nawi-
burebis hialuronidazis malamoTi mkurnaloba 
mniSvnelovnad aumjobesebs nawiburovani qsovi-
lis rogorc funqciur, aseve kosmetikur maxa-
siaTeblebs. mkurnalobamde Sefasebis  saSualo 
jamuri qulebi Seadgenda 8,1±0,35-s, mkurnalobis 
erTi kursis Semdeg – 5,14±0,9-s, xolo mkurnalo-
bis ori kursis Semdeg – 0,85±0,9-s (p<0.001). hialu-
ronidazis malamos gamoyeneba aseve SeiZleba 
plastikuri operaciisSemdgomi nawiburebis war-
moqmnis sawinaaRmdegodac.
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Metabolic disorders (MD) are often life-threatening health 
conditions, which are caused by deficiency or absence of various 
metabolic enzymes. Majority of MD are from the group of inher-
ited metabolic diseases (IEM). Metabolic disorders differ in types 
of inheritance pattern. The incidence of MD can vary in different 
populations. Because of diversity of MD, it is necessary to provide 
personalized treatment plans for patients. Phenylketonuria (PKU) is 

one of the most frequent metabolic disorders in the world. In Geor-
gian population its frequency is 1:6060 newborns (Table 1). For 
European countries the frequency is 1:10000 [1,8,10]. 

The biggest step in diagnostics of PKU was the discovery of 
PAH gene and PAH mutations. Population studies described differ-
ent mutations and their frequencies for various populations. Studies 
have revealed more than 900 different mutations in PAH gene [5].
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Table 1. Total number of annual births and PKU newborns in Georgia 

Year Total newborns PKU newborns

2004 40388 8
2005 43574 8
2006 44965 11
2007 47464 6
2008 53519 13
2009 59053 6
2010 60021 6
2011 55271 9
2012 56464 11
2013 56845 9
2014 58777 8
2015 60408 10
2016 56149 6
2017 52799 10
2018 42652 8
2019 47903 9

Table 2. Mutation locations on PAH gene

Mutation Type Location on PAH

R408W;Y414C;A403V Ex12

R252W;P281Q;R243Q;E280K;R261Q;P281L Ex7

L48S;R53H Ex2

IVS12+1G>A int12

IVS10-11G>A int10

S349P Ex10

V388M;E390G Ex11

S67P Ex3

R178Q Ex6

L165T;R158Q Ex5

PKU causes delay of mental developmental stages and other 
neurological disorders in untreated patients. Symptoms also in-
clude pigment deficiency of the skin and eye, seizures and micro-
cephaly. In most countries PKU is diagnosed through newborn 
screening programs, which test the patients’ blood for various 
metabolic and genetic disorders. The list of tested disorders can 
vary for different countries. Metabolic screening allows to start 
the treatment before the symptoms appear. Early diagnosis is a 
key element for successful treatment of PKU [2-4]. 

Clinical manifestation of PKU depends on mutation type. 
Mutations can differ from each other by clinical manifestation, 
enzyme activity and amount. For diagnostics of PAH mutation, 
mostly molecular methods are used [6,7].

PKU is inherited through autosomal recessive pattern. Mu-
tations on both alleles are necessary for symptoms to develop. 
Correlation between the genotype and the phenotype is also an 
important consideration. Different mutations can have different 
impact on the disease development and its severity. Mutations 
in same gene can cause classic, moderate and mild forms of dis-
ease. The genotype/phenotype correlation is very complex for 

MD. Gene expression and gene interaction is also an important 
factor. Different family members with same mutations can de-
velop different levels of symptom severity and different types of 
clinical manifestation. Symptom development can also depend 
on the environmental factors [11-13].

Phenylalanine (Phe) is an essential amino acid. A non-essen-
tial amino acid tyrosine is produced from Phe metabolism. This 
metabolic pathway is necessary for production of epinephrine, 
norepinephrine and melanin. Therefore, Phe is an important 
amino acid for mental development. Phe was first extracted in 
1879 and was synthesized artificially for the first time in 1882. 
Phe is one of 20 amino acids which are encoded by the standard 
genetic code for construction of proteins [14-17]. 

During infancy PKU patients do not differ from the healthy 
infants, but symptoms appear with time. Affected infants have 
light skin and eye color. Hyperactivity is one of the possible 
symptoms in PKU. 2 out of 3 patients develop mental develop-
mental delay. 1 out of 4 patients develop seizure episodes which 
are hard to treat. Possible symptoms include tremor, microceph-
aly and liver deficiency [18,19]. 
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In Georgia newborn screening is mandatory. Phe is mea-
sured in dry blood spot which is collected after first 24-72 
hours of life. By the national guideline normal Phe value in 
healthy individual is <120 µmol/L. Early diagnosis is crucial 
for optimal outcome. It is important to prevent the incidence 
of the disorder in same family. Prenatal diagnostic of the dis-
ease is available through noninvasive methods. Molecular 
genetic methods are considered the golden standard for PKU 
diagnostics [20-22].

PKU is divided in groups depending on the severity of symp-
toms and the PAH enzyme activity, which is determined by mu-
tation type. Mutations are divided in 3 groups: mild, moderate 
and classic. Mutations are described in databases by their clini-
cal manifestation [23,24]. 

The main goal in treatment is to keep Phe levels in normal 
range (20-120 µmol/L). This is achieved by a restricted diet, 
which must be maintained during life. Diet therapy starts im-
mediately after the diagnosis. Treated patients remain healthy 
mentally as well as physically. Elevation of blood Phe level 
damage brain and can cause impairment in thinking and deci-
sion making, as well as social and emotional problems. If diet is 
not maintained permanently, the symptoms become severe and 
chronic [25-27]. 

PKU frequency differs by the country and region. In Europe 
the incidence of PKU is around 1:10000 newborns, but in some 
European countries the numbers are higher. In Turkey the fre-
quency is 1:6500 newborns. Finland has a lower frequency of 
1:100000. In Georgia frequency of PKU is 1:6060 newborns. 
Screening for PKU in Georgia started in 2004 [28-30].

In this study we reviewed literature to determine the most 
common PAH mutations in Europe. The aim of the study is to 
determine the frequencies of these mutations in Georgian pop-
ulation and make comparisons with the European population. 
Study results are used to confirm or deny the similarities be-
tween Georgian and European PAH gene mutations and there-
fore suggest whether European panels are suitable for genotyp-
ing Georgian PKU patients.

Material and methods. First step of the study was to determine 
the most frequent European PAH mutations through literature data. 
Countries include: Germany, Netherlands, Belgium, Switzerland, 
France, Austria, Poland, Estonia, Liethueva, Czech Republic, Slo-
vakia, Russia, Ukraine, Romenia, Hungary, Denmark, Finland, 
Sweden, Norway, Island, Great Britain, North Ireland, Croatia, Ser-
bia, Greece, Italy, Spain, Portugal, Turkey, Azerbaijan and Armenia 
[31-40]. Using data of the mentioned countries most common 20 
PAH mutations were determined (Table 3).

Biological material was collected from 40 Georgian patients. 
The study subjects were PKU patients who are registered in 
Georgian Governmental PKU program. Patients or their legal 
representatives signed the informed consent about the use of the 
biological material for the study Diagnoses of PKU were con-
firmed by molecular methods.

2 mL venous blood was collected in EDTA tubes. Samples 
were marked and registered. Blood was frozen at -4°C. DNA 
was extracted from the blood using PureLink Genomic DNA Kit 
(Thermofisher Scientific K181002) according to the manufac-
turer’s manual. DNA concentration was measured and marked 
on the tubes. Extracted material was frozen at -20°C.

Table 3. Most common mutations per country
Country Mutation
Germany R408W; IVS12+1G>A; Y414C; IVS10-11G>A

Netherlands, Belgium IVS12+1G>A; R261Q; R158Q
Switzerland, France, Austria R408W; IVS12 + 1G>A; R261Q, R158Q; IVS2 + 5G>C

Poland R408W; IVS10-11G>A; IVS12+1G>A
Estonia IVS12+1G>A; R261Q; R252W; R158Q; S349P

Lithuania R408W; R178Q; A403V
Check Republic, Slovakia R408W; IVS12+1G>A; R158Q; R261Q; R252W

Russia R408W; R261Q; P281Q; R252W; R158Q; R261X; R243Q; E280K; IVS10-11G>A
Ukraine R408W; R158Q; R252W; P281L; Y414C
Bulgaria R408W; R158Q; IVS10-11G>A; 1089delG
Denmark R408W; Y414C; IVS12+1G>A
Sweden R408W; IVS12+1G>A

Norway R261Q; R408W; Y414C; IVS12+1G>A

Great Britain R408Q; IVS12+1G>A

Croatia R408W; P281L; R261Q; E390G

Serbia L48S; R408W; P281L; E390G; R261Q 

Greece P281L; IVS10-11G>A

Italy IVS10-11G>A; R261Q; L48S; R158Q

Spain IVS10-11G>A; A403V; V388M; I165T

Portugal IVS10-11G>A; R261Q; V388M

Turkey 1066-11G>A R261Q, R252W

Azerbaijan IVS10-11G>A; S67P; R261Q; R252W

Armenia IVS10-11G>A; P281L
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PCR was conducted using following concentrations: Am-
pliTaqGold360 (12.5µl), GC Enhancer (2 µl), Primer F (2 µl), 
Primer R (2 µl), DNA extract (1 µl), Nuclease free water (5.5µl). 
After amplification, the amplified material was purified with 
PureLinkPCR Amplification Kit (Thermo Fisher Scientific).

Sanger sequencing was used for detection of PAH gene muta-
tions using predesigned primer pairs from Thermofisher Scien-
tific was used (Table 4). Following concentrations were used: 
BD Terminator3.1 (1 µl), BDT 5X Buffer (0.5 µl), PrimerF (1 
µl), amplified material (3 µl), NFW (4.5 µl). Sequencing reac-
tion material was purified again with BigDye XTerminator pu-
rification Kit (Thermo Fisher Scientific). Material was loaded in 
3500 Genetic Analyzer (Thermo Fisher Scientific) for detection.

Finally, the mutations were identified in the resulting data and 
their frequencies were analyzed.

Results and discussion. PAH mutations were detected on all 
80 alleles, clinical diagnose of PKU was confirmed in all 40 pa-
tients. Detected mutations in Georgian population was: P281L in 
37.5%, IVS10-11G>A in 17.5%, R261X in 10%, L48S in 8.75%, 

E280K in 5%, R270K in 3.75%, E390G in 3.75% and mutations 
R252W, IVS12+1G>A, R243Q, R261Q, 1089delG, Y387H, 
EX5del, IVS7-5T>C, IVS12+1G>A, G171R, IVS2+5G>C each 
in 1.25% (Table 5). Homozygous forms of PKU were detected 
in 10 patients. P281L/P281L genotype was detected in 7 pa-
tients, IVS10-11G>A/IVS10-11G>A genotype was detected in 
3 patients.

 The most common mutation from European panel (Table 5) 
was P281L (37.50%), this mutation is predominant in countries 
like Croatia, Ukraine, Serbia, Greece, Russia and Armenia. 
In Armenian and Greek population, it is considered to be the 
most common PAH mutation. Next most frequent mutation is 
IVS10-11G>A (17.50%) which is most predominant mutation in 
Greece, Italy, Spain, Portugal, Turkey, Armenia and Azerbaijan. 
Mutation L48S (8.75%) is common in Serbian and Italian popu-
lation. E280K (5%) is prevalent in Russia. E390G (3.75%) is 
common in Russia, Croatia and Serbia. The most frequent muta-
tion for European population is R408W which was not detected 
in the investigated 80 alleles.

Table 4. Primer pairs (Thermo Fisher Scientific) used in the study

Exon Pre designed primer pair

12 Hs00126409_CE

11 Hs00126410_CE

7 Hs00735250_CE

6 Hs00126415_CE

5 Hs00746108_CE

3 Hs00817238_CE

2 Hs00552008_CE

Table 5. Frequencies of mutations per allele of Georgian PKU patients

Mutation N Frequency

P281L* 30 37.50%

IVS10-11G>A* 14 17.50%

R261X 8 10%

L48S* 7 8.75%

E280K* 4 5%

R270K 3 3.75%

E390G* 3 3.75%

R252W* 1 1.25%

IVS12+1G>A* 1 1.25%

R243Q* 1 1.25%

R261Q* 1 1.25%

1089delG 1 1.25%

Y387H 1 1.25%

EX5del 1 1.25%

IVS7-5T>C 1 1.25%

IVS12+1G>A 1 1.25%

G171R 1 1.25%

IVS2+5G>C 1 1.25%
* - mutations coinciding with the European panel
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 Thus, from 20 common mutations of European populations 
9 were detected in Georgian patients. Accordingly, 11 common 
European mutation in 80 alleles investigated by us were not de-
tected. At the same time, detection of the PAH Exons 2, 3, 5, 6, 
7, 11, 12 also revealed 9 mutations other than from European 
panel (Table 5).

 Despite this fact, that from 138 today registered PKU patients 
in Georgia, only 40 (29%) were included in this study, even now 
it could be suggested that only 9 mutations from the European 
most frequent mutations panel are suitable for PKU genotyping 
among Georgian population. At the same time more than half 
(55 %) of the mutations found in Georgians were not identified 
as the most common mutations in Europe. This may indicate the 
necessity in the nearest future for the development of diagnostic 
panels specific to the Georgian population, including both 9 fre-
quent European PAH mutations and 9 mutations more common 
for the Georgian population, which will significantly improve 
the quality of PKU diagnostics in Georgia. 

 Here, it must be said that the results have been obtained are of 
an intermediate nature, which propose to continue and complete 
this research by studying the entire Georgian PKU population.
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SUMMARY

PREVALENCE OF PAH MUTATIONS IN GEORGIAN 
PKU PATIENTS COMPARED TO MOST FREQUENT 
PAH MUTATIONS IN EUROPEAN POPULATIONS

1,2,4 Agladze D., 3Iordanishvili S., 4Margvelashvili L., 
3Kldiashvili E., 2,5Kvlividze O. 

1Research Institute of Clinical Medicine, Tbilisi; 2School of Medi-
cine, New Vision University; 3Petre Shotadze Tbilisi Medical Acad-
emy; 4Pediatric Surgery Center (KidCo), Tbilisi; 5Georgian Foun-
dation for Genetic and Rare Diseases (GeRaD), Tbilisi, Georgia

The aim of the study was to compare Georgian PAH mutation 
spectrum to the most frequent European mutations.

Population study publications were reviewed and 20 most 

frequent European PAH mutations were determined. Mutations 
were detected in 40 Georgian PKU patients using Sanger se-
quencing.

PAH mutations were detected on all 80 alleles, clinical diagnose of 
PKU was confirmed in all 40 patients. Detected mutations in Geor-
gian population was: P281L in 37.5%, IVS10-11G>A in 17.5%, 
R261X in 10%, L48S in 8.75%, E280K in 5%, R270K in 3.75%, 
E390G in 3.75% and mutations R252W, IVS12+1G>A, R243Q, 
R261Q, 1089delG, Y387H, EX5del, IVS7-5T>C, IVS12+1G>A, 
G171R, IVS2+5G>C each in 1.25%. 

Study revealed that the most common Georgian PAH muta-
tions spectrum differs from the European one. 9 out of 18 de-
tected mutations coincide with the European panel. At the same 
time more than half (55%) of the mutations found in Georgians 
were not identified as the most common mutations in Europe.

These findings may indicate the necessity for the development 
of diagnostic panels specific to the Georgian population, includ-
ing both 9 frequent European PAH mutations and 9 mutations 
more common for the Georgian population, which will signifi-
cantly improve the quality of PKU diagnostics in Georgia. The 
results have been obtained are of an intermediate nature, which 
propose to continue and complete this research by studying the 
entire Georgian PKU population.

Keywords: PAH gene, PKU, mutation spectrum, Georgian 
PKU patients, frequent mutations.

РЕЗЮМЕ

РАСПРОСТРАНЁННОСТЬ НАИБОЛЕЕ ЧАСТЫХ ДЛЯ 
ЖИТЕЛЕЙ ЕВРОПЫ PAH МУТАЦИЙ СРЕДИ ГРУ-
ЗИНСКИХ ПАЦИЕНТОВ c фенилкетонурией

1,2,4Агладзе Д.Ш., 3Иорданишвили С.А., 
4Маргвелашвили Л.В., 3Клдиашвили Е.Т., 
2,5Квливидзе О.А.

1НИИ клинической медицины, Тбилиси; 2Нью Вижен Уни-
верситет, Школа медицины, Тбилиси; 3Тбилисская меди-
цинская академия им. П. Шотадзе; 4Центр педиатрической 
хирургии KidCo; 5Грузинский Фонд генетических и редких 
заболеваний, Тбилиси, Грузия

Целью исследования явилось сравнение спектра мутаций 
в гене PAH у грузинских пациентов с фенилкетонурией с 
наиболее частыми европейскими мутациями.

Проанализированы публикации популяционных исследо-
ваний, определены 20 наиболее частых европейских мута-
ций в гене PAH. В грузинской популяции исследованы 40 
грузинских пациентов с фенилкетонурией (ФКУ) путем 
секвенирования по Сэнгеру.

Клинический диагноз ФКУ подтвержден у всех 40 паци-
ентов. PAH мутации выявлены в 80 исследуемых аллелях. 
Обнаруженные мутации в грузинской популяции распре-
делены следующим образом: P281L - у 37,5%, IVS10-11G> 
A - в 17,5%, R261X - в 10%, L48S - в 8,75%, E280K в - 5%, 
R270K и E390G - в 3,75% случаев. Мутации R252W, IVS12. 
+ 1G> A, R243Q, R261Q, 1089delG, Y387H, EX5del, IVS7-
5T> C, IVS12 + 1G> A, G171R, IVS2 + 5G> C выявлены в 
1,25% случаев каждая.

Исследование показало, что спектр наиболее распростра-
ненных PAH мутаций в Грузии несколько отличается от 
европейского: 9 из 18 обнаруженных в Грузии мутаций со-
впадают с европейской панелью. В то же время более поло-
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вины (55%) мутаций, выявленных нами, не входят в список 
самых распространенных европейских мутаций.

Полученные результаты указывают на необходимость 
разработки диагностических панелей, специфичных для на-
селения Грузии, включающих как 9 частых европейских му-
таций PAH, так и 9 мутаций, более характерных для населе-
ния Грузии, что значительно улучшит качество диагностики 
ФКУ в стране. Полученные результаты носят промежуточ-
ный характер, что предполагает продолжение и заверше-
ние данного исследования путем изучения всей грузинской 
ФКУ популяции.

reziume

evropaSi gamovlenili yvelaze xSiri PAH muta-
ciebis sixSiris Sefaseba qarTul populaciaSi 
fenilketonuriiT

1,2,4d. aglaZe, 3s.iordaniSvili, 4l.margvelaSvili, 
3e.kldiaSvili, 2,5o.qvliviZe 

1klinikuri medicinis samecniero-kvleviTi insti-
tuti; 2niu viJen universiteti, medicinis skola; 
3petre SoTaZis sax. Tbilisis samedicino aka-
demia; 4pediatriuli qirurgiis centri KidCo, 
Tbilisi; 5genetikuri da iSviaTi daavadebebis 
saqarTvelos fondi, Tbilisi, saqarTvelo

kvlevis mizans warmoadgens qarTuli PAH muta-
ciebis speqtris Sedareba yvelaze xSir evropul 
mutaciebTan. 

Catarda populaciuri kvlevebis mimoxilva 
da gamovlinda 20 yvelaze xSiri evropuli PAH 
mutacia. qarTuli populaciis PAH mutaciebi iyo 
identificirebuli sengeris sekvenirebis meTodiT. 
gamokvleul 40 pacientSi fenilketonuriiT  

(PKU) gamovlenili mutaciebi ganawilda Semde-
gnairad: P281L - 37.5%, IVS10-11G>A - 17.5%, R261X 
- 10%, L48S - 8.75%, E280K - 5%, R270K - 3.75%, E390G 
- 3.75%. R252W, IVS12+1G>A, R243Q, R261Q, 1089delG, 
Y387H, EX5del, IVS7-5T>C, IVS12+1G>A, G171R, 
IVS2+5G>C mutaciebisgan TiToeuli dafiqsirda 
SemTxvevebis 1.25%-Si. 
kvlevam aCvena, rom qarTuli populaciisaTvis 

damaxasiaTebeli PAH mutaciebis speqtri gansxvav-
deba evropulisgan. 18-dan mxolod 9 gamovlenili 
mutacia emTxveva evropul panels. amavdroulad, 
naxevarze meti (55%) mutaciebisa, romelic gamov-
linda qarTul populaciaSi, ar Sedis vropuli 
populaciisaTvis damaxasiaTebel 20 yvelaze 
xSir mutaciebis siaSi.
aRniSnuli Sedegebi mianiSnebs specifikuri sa-

diagnostiko panelis SemuSavebis aucileb-loba-
ze, romlic gamoyenebuli iqneba qarTuli popu-
laciisaTvis, aRniSnul panelSi Seva rogorc 9 
yvelaze xSiri evropuli mutacia, aseve 9 mutacia, 
romelic gamovlinda qarTul populaciaSi, rac  
mniSvnelovnad gaaumjobesebs fenilketonuriis 
diagnostikas saqarTveloSi. miRebuli Sedege-
bi aris Sualeduri xasiaTis, Sesabamisad, kvle-
vis gagrZeleba mTliani PKU populaciaSi mniS-
vnelovania.

НЕЙРО-ГУМОРАЛЬНЫЕ НАРУШЕНИЯ СИСТЕМЫ АДАПТАЦИИ 
ПРИ ВОЗДЕЙСТВИИ НЕКОТОРЫХ КЛАССОВ ПЕСТИЦИДОВ

Аширбеков Г.К.

Международный казахско-турецкий университет им. К.А. Ясауи, стоматологический факультет,
кафедра патологии человека, Туркестан, Казахстан

В практике агропромышленного комплекса в последние 
годы большое значение приобретает комбинированная об-
работка сельскохозяйственных культур смесью из пестици-
дов, относящихся к различным химическим классам и обла-
дающих разным типом действия [1]. Этот агротехнический 
прием позволяет расширить спектр действия пестицидов, 
сокращает рабочее время и материальные затраты, предот-
вращает загрязнение окружающей среды.

Применение комбинированных смесей из пестицидов 
может непосредственно или опосредованно вызывать раз-
личные расстройства в организме человека и животных [2]. 
Известно, что в зависимости от дозы и продолжительности 
воздействия смесь одних и тех же веществ может оказы-
вать на организм различный по своему характеру эффект 
[3]. К основным видам комбинированного действия отно-
сят эффекты суммирования или аддитивного действия, по-
тенцирования или синергизма и антагонизма применяемых 
пестицидов [4].

Попадая в кровь, пестициды распределяются в организме 
неравномерно. Препараты, хорошо растворимые в липо-
идах и жирах, обычно в больших количествах проникают в 
нервную ткань и в ряде случаев оказывают преимуществен-
ное влияние на центральную нервную систему. Различные 
органы и ткани неодинаково чувствительны к действию раз-
личных пестицидов [5].

В настоящее время особый интерес ученых вызывает 
нейротоксическое действие синтетических пиретроидных 
инсектицидов, представителем класса которых является 
препарат суми-альфа. Показано, что инсектициды имеют 
низкую токсичность, однако вызывают тяжелые нейроток-
сические симптомы при кумуляции в нервной системе [6].

Никотин является одним из основных токсичных компо-
нентов табака (табачная пыль). Исследователями установ-
лено [7], что образцы табачной пыли содержат такие макро- 
и микроэлементы, как кремний, кальций, барий, стронций, 
магний, титан, олово, никель, медь, цирконий, цинк, хром, 


