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MA3b I'HAJIYPOHUJIA3BI AJ151 TEYEHUSI THIIEPTPO®PUYECKUX PYBIIOB
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Hnemumym 6axmepuoghacuu, mukpoduonrozuu u eupycorocuu um. I. dnuasa;
’Knunuxa scmemuueckoii meouyunsl “JKenwuna u 30oposve”’; I pyzuno-amepuxanckuti ynusepcumem, I pysus

Wzyuena s¢dekTuBHOCT THaNypOHHMIA3HOH Masu, CO3-
JTAaHHOM Ha OCHOBE IIpernapara MHKPOOHOW THaypOHHIA3bI
“bunmupgaza”, B JICUCHHH ITOCTONEPAIMOHHBIX THHEPTPOQU-
4ecKHuX pyOuoB. B ucciieqoBanue BKIFOYEHBI 14 MalMeHTOB
C TOCTONEPAllMOHHBIMU THIEPTpOpUYIECKHMHU pyOnamMu B
pa3HbIX YacTsX Jinua. JledeHne NpoBOAMIM ITyTEM BBEIEHUS
rHalypoHUIa3HOIl Ma3u noHodopesoMm B TedeHue 10 nHe,
Ka)KJOJHEBHBIMU IpolenypaMu. IIoBTOpHEIN Kypc JiedeHUs
IIPOBOAMIICS C YEThIPEXHEIEIbHBIM HHTepBaIoM. OLEHKY CcO-
CTOsTHUS pyOIla OCyIIeCTBISUIM 10 “IIKase olleHKH Bankyse-

pa”, KOTOpasl yYUTHIBAET BACKYJISIPU3AIMIO, TUTMEHTALUIO
MOABIDKHOCTE pyOIia, 6016 U 3y.

Pe3yinbrarsl MCCIIEI0BaHYsl TIOKA3aJIH, YTO MPH JICICHAN THAITY-
POHHIa3HON Ma3bi0 3HAYUTEIILHO YIYUIIAIOTCS (PYHKIMOHAILHBIE
1 KOCMETOJIOTHYECKHUE MOKa3aTell pyoloBoil Tkanu. J{o sieuenws
o6t cpemauii 6ayut cocrasisut 8,140,35, mocie mepBoro Kypca
nedenust - 5,1440,9, a mocie Broporo kypea - 0,85+0,9 (p<0,001).
Hcriosb30BaHNe rHaTypOHHIA3HON Ma3y MOXKET ObITh PEKOMEH IO~
BAHO TAKXKE MPU ONEPAIMSIX UIACTHYCCKOW XUPYPIUU ISl TIPE/-
yrpexaeHust POPMHUPOBAHKS TIOCTOIIEPALIOHHBIX PYOIIOB.
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PREVALENCE OF PAH MUTATIONS IN GEORGIAN PKU PATIENTS COMPARED
TO MOST FREQUENT PAH MUTATIONS IN EUROPEAN POPULATIONS
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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
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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
2010 60021
2011 55271
2012 56464 11
2013 56845
2014 58777
2015 60408 10
2016 56149 6
2017 52799 10
2018 42652
2019 47903
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 intl2
IVS10-11G>A intl0
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 P4H 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-
case. The genotype/phenotype correlation is very complex for
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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 pmol/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 pmol/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 P4H 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 P4H 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; 1165T
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-
pliTagGold360 (12.5ul), GC Enhancer (2 pl), Primer F (2 pl),
Primer R (2 pl), DNA extract (1 pl), Nuclease free water (5.5pul).
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 pul), BDT 5X Buffer (0.5 pl), PrimerF (1
ul), amplified material (3 pl), NFW (4.5 nl). 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. P4H 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%,1IVS10-11G>Ain 17.5%, R261X in 10%, L48S in 8.75%,
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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 pane.
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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

124 Agladze D., *Tordanishvili S., ‘Margvelashvili L.,
*Kldiashvili E., 2’Kvlividze O.

Research Institute of Clinical Medicine, Thilisi; *School of Medi-
cine, New Vision University; 3Petre Shotadze Thilisi Medical Acad-
emy; *Pediatric Surgery Center (KidCo), Thilisi; *Georgian Foun-
dation for Genetic and Rare Diseases (GeRaD), Thilisi, 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
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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.

PE3IOME

PACITPOCTPAHEHHOCTH HAMBOJIEE YACTBIX JJISI
JKUTEJIEA EBPOITBI PAH MYTAIIM CPEJUA TPY-
3UHCKUX MALIMEHTOB C ®EHUJIKETOHYPHUEM

124 Arnanse I, *HopaannmmBuiu C.A.,
‘Mapreesamsuian JLB., S Kipmnamsuiu E.T.,
ZSKpmmsuaze O.A.

'HUU knunuueckou meduyunsl, Tourucu, *Hoio Buowcen Ynu-
sepcumem, Ilkona meduyunovl, Tounucu; 3Tourucckas meou-
yunckas akademus um. I1. Illomaose; *IJenmp neouampuueckoi
xupypeuu KidCo, *Tpysunckuti @ono 2enemuyeckux u peoxux
sabonesanuil, Tounucu, I pysus

Lenbio uccnenoBaHus SBUIOCH CPABHEHHE CIIEKTPA MyTaLUi
B rede PAH y rpy3uHCKuX ManueHToB ¢ (hEHMIKSTOHYpHUEH ¢
HanboJsee YacTHIMU €BPONEHCKUMU MyTalUsIMU.

[Ipoananu3upoBaHsl ITyOIMKALUK OMYIALUOHHBIX HCCIEN0-
BaHMH, onpeneneHbl 20 Hauboee YacThIX eBPONEHCKUX MyTa-
i B reie PAH. B rpy3unckoil nomysnsiuu uccienosans! 40
IPY3MHCKHX TManueHToB ¢ ¢enmikeronypueid (OKY) myrem
CEKBCHHUpOBaHUsA 110 CaHrepy.

Knnnnueckuii nnarnoz ®KY noareepxieH y Bcex 40 nanu-
enroB. PAH myranuu BeisiBieHb! B 80 uccieqyeMbIX ajlIessx.
OOHapy)XEeHHbIC MyTallUd B TPy3MHCKOW HOMYJSALMM pacipe-
JesieHsl crenytommm odbpasom: P281L - y 37,5%, IVS10-11G>
A -817,5%, R261X - B 10%, L48S - B 8,75%, E280K B - 5%,
R270K u E390G - B 3,75% ciyuyaeB. Myranuu R252W, IVS12.
+ 1G> A, R243Q, R261Q, 1089delG, Y387H, EX5del, IVS7-
5T> C, IVS12 + 1G> A, G171R, IVS2 + 5G> C BbIsABIEHBI B
1,25% cnyuaeB kaxuasi.

HccnenoBanue nokasano, 4To CIEeKTp Haubojee pacnpocTpa-
HeHHbIX PAH mytauuit B I'py3unm Heckoimbko OTIMuYaeTcs OT
eBporneiickoro: 9 u3 18 obHapyxeHHbIX B [py3un Myrauuii co-
BIAJIAI0T C €BPOIIeHCKoi nanenbo. B To jxe Bpems Oosiee moso-
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BUHBI (55%) MyTaluii, BHIIBICHHBIX HAMH, HE BXOJAT B CIIUCOK
CaMbIX PACIPOCTPAHEHHBIX €BPOIEHCKUX MyTalU.

[lonyueHnble pe3ynbraTbl yKa3blBalOT Ha HEOOXOIMMOCTH
pa3paboTKK JMAarHOCTHYECKUX MaHeleH, Crieu(UUHbIX I Ha-
ceneHus [ py3un, BKIIIOYAIOIIUX KaK 9 yacThIX eBPOINEHCKUX My-
taruit PAH, tak u 9 myTtanuii, 6ojiee XapakTepHBIX JUIs Hacee-
HUSL [ py3un, 4TO 3HAUUTENIBHO YIIYUIIUT Ka4eCTBO JUArHOCTHKH
OKYV B crpane. [lonyueHHbIe pe3ynbTaThl HOCAT IPOMEXKYTOU-
HBIH XapakTep, 4TO IIpeArnojaraeT HpOJOJDKEHHE U 3aBeplle-
HYE JaHHOTO MCCIIEIO0BAHUS IIyTeM U3y4YeHUs BCeH IPy3UHCKOM
OKY nonynsauun.
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HENPO-T'YMOPAJIbHBIE HAPYIIEHUA CUCTEMBI AJTAIITAITUA
IIPY BO3JIEUCTBUU HEKOTOPBIX KJIACCOB ITECTHUIIM/I0B

Amup6exos I.K.

Medicoyrapoonwiii kazaxcko-mypeyxuil yHusepcumem um. K.A. Hcayu, cmomamonozuueckuii ¢haxynvmemn,
raghedpa namonozuu uenogexa, Typxecman, Kazaxcman

B mpaxTike arpornpoMBbIIIIEHHOTO KOMIUIEKCA B MOCIEIHUE
ToIbl OOJBIIOE 3HAUYCHHE MPUOOpPETaeT KOMOMHUPOBAaHHAS 00-
paboTKa CeMbCKOXO3SICTBEHHBIX KYJIBTYP CMECHIO U3 TTECTUIIH-
JIOB, OTHOCSIIIIUXCS K PA3INYHBIM XUMHYECKAM KJlaccaM u o0ia-
JAFOIIMX Pa3HBIM THIIOM ACUCTBHA [1]. DTOT arpoTeXHUYECKUit
MPUEM MO3BOJSIET PACIIMPUTH CIIEKTP JEHCTBHS MECTUIHIOB,
cokpaiaer pabodyee BpeMsi ¥ MaTepUaIbHBIC 3aTPAThI, IPEIOT-
BpAIlaeT 3arpsi3HEHIE OKPYKAIOIICH CPeIbl.

IMpumeneHre KOMOWHHUPOBAHHBIX CMECEH M3 MECTHIINIOB
MOYKET HETOCPEACTBEHHO HIIM OMOCPEIOBAHHO BBI3BIBATH pPas-
JTMYHBIE PACCTPOMCTBA B OpPraHM3Me YeI0BeKa U )KUBOTHBIX [2].
W3BeCTHO, YTO B 3aBHCHUMOCTH OT JI03bI U IIPOIODKUTEIBHOCTH
BO3JIEMCTBHS CMECHh OJHUX M TEX K€ BEILECTB MOKET OKa3bl-
BaTh HA OPraHW3M PA3JIMYHBIA O CBOeMy Xapakrepy 3ddext
[3]. K ocHOBHBIM BHaM KOMOWHHPOBAHHOTO JICHCTBUSI OTHO-
csiT 3G EKTh CyMMHUPOBAHUS WIIN AJIUTHBHOTO JIEHCTBUSI, T10-
TCHI[MPOBAHUS WM CHHEPTH3Ma M aHTAarOHM3Ma IPUMEHSIEMBIX
MeCTUIUI0B [4].

© GMN

[lonamast B KpOBb, MECTHLUIBI PACTIPEICISIOTCS B OPraHu3Me
HepaBHOMepHO. [Ipemaparsl, XOpomio pacTBOpUMBIE B JIUIO-
UIax | KHPax, 0OBIYHO B OOJIBIIAX KOJHMYECTBAX MPOHHUKAIOT B
HEPBHYIO TKaHb U B PSAJIE CITy4acB OKa3bIBAIOT TPEUMYIIIECTBCH-
HOE BIIMSTHHE Ha IICHTPAIBHYIO HEPBHYIO cuCTeMy. Pa3nmimuHbie
OpraHbl U TKAaHW HEOJWHAKOBO YYBCTBUTEIHHBI K ICHCTBHIO pa3-
JIMYHBIX TIECTHIHIOB [5].

B Hacrosiiee Bpemsi OCOOBIf WHTEpEC YUYCHBIX BBI3BIBACT
HEHPOTOKCHYECKOE JICHCTBHE CHHTETHYCCKHX MHPETPOUIHBIX
WHCEKTHUIIM/IOB, TIPEICTaBUTEIEM KJacca KOTOPBIX SIBISETCS
npenapar cymu-anbha. [lokazaHo, 4TO WHCEKTHIUIB HMEIOT
HU3KYI0 TOKCHYHOCTH, OJHAKO BBI3BIBAIOT TSIKEJIBIC HEHPOTOK-
CHYECKUE CUMIITOMBI TIPH KyMYJISAIIUHN B HEPBHOH cucteme [6].

HUKOTHH SBISCTCS OTHUM M3 OCHOBHBIX TOKCHYHBIX KOMITO-
HEHTOB Tabaka (Taba4yHas MbUIb). MccrienoBaTensiMi yCTaHOB-
nieHo [7], 9To 0Opa3ibl TabauyHOM MBUTH COepIKaT TaKHe MaKpO-
Y MUKPODJIEMEHTHI, KaK KPeMHUH, KaJbluii, Oapuii, CTPOHIIHH,
MarHuii, TUTaH, OJIOBO, HUKEJb, ME/Ib, IMPKOHUH, IIMHK, XPOM,
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