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SPAWNING FEATURES OF KURA CHUB ALBURNOIDES
EICHWALDII (DE FILIPPI, 1863) (CYPRINIDAE, ACTINOPTERYGII)
IN THE BASIN OF DEBED AND AGHSTEV RIVERS (ARMENIA)

A.S. ARAKELYAN

Foundation for Restoration of Sevan trout stocks and Development for Aquaculture
biology.arakelyan@gmail.com

Spawning features of Kura chub Alburnoides eichwaldii (De Filippi, 1863) distributed in
the basin of Debed and Agstev Rivers have been studied. It has been revealed that the Kura chub
in the basin of Debed and Agstev Rivers becomes mature at the beginning of the second year when
it has no less than 60 mm body length. The spawning period starts from April and lasts until the
end of July. During this period, the females spawn three times, laying from 1362 to 8245 eggs.
Males are supposed to become mature earlier than female, and at first elder individuals with larger
body length spawn.

Kura chub — Alburnoides eichwaldii — River Debed — River Agstev — spawning —
absolute individual fertility

Ncunwuwuhnyt BU Mptn W Unuinle gbntph wjwquund tnwnpwéywé wnllbywl tnwethuhyh
Alburnoides eichwaldii (De Filippi, 1863) pwquwgdwl wrwlduwhwinynieniuutnp: Mwpgyty k£, np
epbn W Ununl gbntbph wjwquwuuGnnd wnplbpgwl tnwnthuhyh uGnwhwununigniup ynw £ hwuunwd
Jwnduh 60 Ju-hg ng wwywu Gpyunniejwl W Ywueh Gnypnpn nwndw uygpned: Pwquwgdwl 2nswlin
ujudnud £ wwphthg W Ywpnn £ 2wpniuwyyty dhtgle hnihuh dtpgn, nph plpwgend  Egtinp
punuhgnwdutnny ddwnpnd BU Gpbe wiliqud® punhwunip wrdwdp nuting 1362-hg Uhusle 8245 dlyuyhpe:
Pwgwhwjwndt E, np wpnubpu wytih ywn G hwuntbwunwd EgBphg, huy wnwghu htpehu pwqdwuncd
GU wnwyb) funpnp W tnwiptg wnwudujwyubnp:

UpleGywt tnwnbfuply —Alburnoides eichwaldii — 26ptin gbun — Unuwnle g6 — pwquwgnid —
wlhwwnwlwl pwgwnpéwly pEnniuncpynil

V3ydeHsl 0COOEHHOCTH pa3MHOKEHHsI BocTouHOM Obictpsinki Alburnoides eichwaldii (De
Filippi, 1863) B Gacceiine pek Jle6en u ArcreB. BbIsICHEHO, YTO B M3Y4E€HHBIX BOJOEMAaX MOJIOBO-
3penocTh OBICTPSIHKK HACTYMAET MpH AJHHE Tena Ooiee 60 MM U B Hayalie BTOPOTO Io/ia KHU3HU.
HepecToBriii epuos HaUMHAETCS € anpesis U MOXKET NPOJOJDKAThCS A0 KOHIA Hrofs. B 3TOT me-
PHOA CaMK{ MOPIMOHHO Pa3sMHOXKAIOTCS 0 TpeX pas, oTkiaaneiBas or 1362 mo 8245 uKpuHOK.
BBISBICHO, YTO CaMIlbl CO3PEBAIOT PaHbILIE CAMOK M, B TIEPBYIO OYepe/b, Pa3MHOXKAIOTCS Ooinee
KPYITHBIE U 3peIble 0COOH.

Bocmounas 6vicmpsanxa — Alburnoides eichwaldii — pexa Jebeo — pexa Aecmes — pazmnooicenue —
UHOUBUOYANLHASL ADCONIOMHASL NI000GUMOCTLL
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SPAWNING FEATURES OF KURA CHUB ALBURNOIDES EICHWALDII (DE FILIPPI, 1863) (CYPRINIDAE, ACTINOPTERYGII) ...

Kura chub Alburnoides eichwaldii (De Filippi, 1863) is widely spread in
Armenian freshwaters and is found on the height up to 2200 meters above the sea level
[6, 12]. During the recent decades it has accidently appeared in Lake Sevan [1, 10] and
in the downstairs of Dzknaget [9], as well as Argichi, Vardenis, Tsakgar and Gavaraget
rivers belonging to its basin and river Hrazdan source [2, 16]. Kura chub found here was
formerly regarded as Armenian subspecies of Kura chub Alburnoides bipunctatus
(Bloch, 1782) Alburnoides bipunctatus armeniensis Dadikyan, 1972 [5, 6]. Later, based
on the comparative analysis of morphological characteristics of Kura chub spread in
Southern Caucasus freshwaters by different authors, it was recommended to consider the
Alburnoides bipunctatus armeniensis as junior synonym for Kura chub Alburnoides
eichwaldi (De Filippi, 1863) [11, 15].

Currently, Kura chub is a widespread fish species also in the basin of Debed and
Aghstev rivers. In spite of its widespreadness and numerous quantity, many biological
features of this fish species haven’t been fully described and studied so far. Thus, taking it
into full account, we have set a goal to study spawning features of Kura chub in the basin
of Debed and Aghstev rivers, the description of which is the aim of the current work.

Materials and methods. 480 individulas of Kura chub have been studied caught from
Aghstev (n=109, Dilijan), Pambak (n=86, Nalband village surroundings) and Debed rivers (n=285,
Sanahin station surroundings) between the periods of 2015 and 2017-2018. The fish were caught
by a fishing hook, a fishing net with 70 cm diameter, a hand fishing net with 55 cm diameter, as
well as a fishing rod. The fertility was determined among Kura chub of I11-IV or 1V stage of gonad
sexual maturity. The determination of fish maturity coefficient, individual absolute fertility and
relative fertility, as well as the calculation of spawning were guided by the recommendations of
Pravdin [13] and Ivankov [7]. For determination of age, the number of annual rings on the scales
between the ribs and the backbone was calculated according to the methods used in Ichthyology
[13, 14].

The obtained data were processed using approved statistical methods [4, 8], and statistical
calculations were performed using Stat soft statistics 12.5 analytical package and MS Excel 2019
computer software.

Results and Discussion. In Debed, Pambak, and Aghstev rivers, the Kura chub
becomes mature at the end of the second year or at the beginning of the third year, which
is also observed in the Kura chub of other freshwaters in the Armenia [3, 6]. So, in
Pambak river, the Kura chub becomes mature at the beginning of the second year, when
the length of the body (I) reaches 60 mm and its weight (Q) reaches 6 grams. The
youngest mature female studied here had 62.10 mm length and 6.0 g weight. Similar
indicators of body length to reach maturity are also indicated by Dadikyan [6], according
to which the youngest mature female was 62 mm long.

Judging by the maturation status of the reproductive organs and the presence of
fish egg of various stages of development, the spawning season in the areas of Debed
and Aghstev rivers studied by us begins in May and may continue with intervals until
August. During this time small, round, cream epithelial tubercles appear on the snout,
operculum, scale and first ray of pectoral fin of males. Moreover, the beginning and the
end of spawning are closely connected with the temperature of the place of residence and
other conditions necessary for spawning, as evidenced by other authors [6]. So, 2 and 3
year old females of Kura chubs in river Pambak have been in the 4" stage of maturity at
the end of May, when the maturity coefficient was 11.11-30.77 (tab. 1). They have three
generations of eggs, each of which differs in size (tab. 2). It is known that Kura chub
belongs to polycyclic spawning fish species and spawning fish eggs in its various
populations may range from two to four [3, 6].
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by age, mass and body length (20.05.2018)

Table 1. Indicators of fertility and maturity coefficient of Kura chub in Pabak River

I, mm (24 MC IAF RF n
Age
M+tm Mim M+tm M+tm Mtm
lim lim lim lim lim
2 7277 +1.46 9.15+0.62 17.54 +1.93 | 2722.17 + 32799 29791+ 25.10 | 13
62.10—80.00 | 6.00 —13.00 | 11.11 — 30.77 1362 — 5256 170 — 438
3 81.86 +0.85 13.24 + 0.47 17.88 £ 1.09 | 3952.62 + 251.87 298.85+ 1443 | 75
77.30—94.70 | 8.00—19.00 | 11.67 — 28.46 2431 — 8245 174 — 469
Average 78.75 +1.02 1184+ 094 | 17.76 £ 0.94 | 3531.68 + 217.87 298.53 1+ 1240 | 38
62.10 —94.70 | 6,00 —19.00 | 11.11—30.77 1362 — 8245 170 — 469
Table 2. The fertility and fish egg sizes of Kura chub in Pambak river
by fish egg generation (20.05.2018)
Age 1st generation of fish eggs 2nd generation of fish eggs 3rd generation of fisheggs | B
Quantity Diameter, Quantity Diameter, Quantity Diameter,
(number) mm (number) mm (number) mm
Mitm Mitm M+tm M+tm M+im M+m
lim lim lim lim lim lim
2 851.09+117.95 1.28 + 0.06 946.13 + 148.57 0.86 + 0.02 92494 + 145.40( 0.60 +0.03 13
340 — 1760 093 — 161 364 — 2000 0.75 — 1.00 196 — 1885 | 0.45—0.84
3 1236.60 + 127.65 132+ 0.04 1529.67 + 198.42| 0.94+0.01 1186.35 + 107.8{ 0.63 + 0.01 75
181 — 3520 096 — 1.75 507 — 5480 0.87 — 1.10 85 — 2280 0.50 - 0.80
Average | 1104.72 + 96.1€f 130+ 0.04 | 1330.04 + 144.96| 0911 0.01 1096.92 + 86.85 | 0.62 £ 0.01 38
181 —3520 | 093—-1.75 364 — 5481 0.75— 1.10 85— 2280 045-084

The individual absolute fertility (IAF) of Kura chub in Pambak river ranges from
(IAF) from 1362 to 8245 fish egg. Here, the second generation of fish eggs dominates
somehow, making up about 36% of total fish egg, and the first and third generations are
32%, respectively (tab. 2). At the same time, IAF indicators increase with age, while
maturity coefficient and relative fertility indicators do not differ significantly among
separate age groups ( tab. 1). However, it is observed that different generations of two-
year-old fish eggs have on average smaller diameter than three-year-old eggs (tab. 2).

The changes of IAF indicators of Kura chub in river Pambak are more closely
related to fish body mass (r=0.70), than to the body length (r=0.64), and the correlation
coefficient with age is quite low (r=0.46) (fig. 1). Other indicators of such a correlation
were observed in Sevan basin, where Kura chub IAF in Dzknaget was more closely related
to fish body mass (r=0.77) and age (r=0.72), than body length changes (r=0.68) [3].

At the end of June, 2017 Kura chubs in Pambak river were in 1V-V and VI-1lI
stages of maturity, when the maturity coefficient of 2-4 year old fish was 2.33-26.36
(tab. 3), and in the ovaries 2 generations of fish eggs with trophoplasmic growth were
observed (tab. 4). The presence of different stages of maturation of gonad (IV-V and
VI-111) and the large differences of maturation coefficient indicated by us (2.33-26.36)
witness, that Kura chub in Pambak river start spawning at the end of May and at the
beginning of June, which with intervals continues until July.
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Fig. 1. Kura chub in Pambak river a) Correlation relation between IAF and mass changes,
b) Correlation relation between IAF and body length changes.

Table 3. Indicators of fertility and maturity coefficient of Kura chub in river Pambak
by age, mass and body length (22.06.2017)

I, mm o MC IAF RF n
Age
Mtm Mtm Mtm M+tm Mtm
lim lim lim lim lim
2 81.68 £ 1.00 12.00 £ 0.53 13.02+ 212 2445.81 £ 303.76 | 202.04 £ 21.21 | 11
77.00 — 86.40 | 9.00— 15.00 233 —26.36 316 — 3640 26 — 268
3 89.35+1.08 16.40 £ 0.80 20.64 £ 141 (3812951 244.31|232331+9.40 10
86.50 — 98.00 13.00 — 20.00 | 13.33 — 25.94 2844 — 4939 196 — 282
4 105.2 28.0 2411 5738 20491 1
Average 86.24+ 141 1473 £ 091 16.99 £ 148 3216.86 £ 263.02 | 215.94 £ 11.38 | 99
77.00 — 105.20 | 9.00 — 28.00 233 —26.36 316 — 5738 26— 282
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Table 4. The fertility and fish egg sizes of Kura chub in Pambak river according
to the fish egg generations (22.06.2017 )

1st generations of fish eggs 2nd generations of fish eggs n
Age
Quantity (number) Diameter, Quantity (number) Diameter,
mm mm
M+m M+m M+m M+tm
lim lim lim lim
2 739.06 £ 97.17 1.27 £ 0.06 | 1706.75 + 225.26 | 0.76 £ 0.03 11
95 — 1260 098 — 1.57 221 — 2451 0.55—0.95
3 1328.65+ 107.49( 1.46 + 0.04 | 248430+ 176.69| 0.85+ 0.03 10
912 — 1825 1.25—-1.59 1824 — 3115 0.70 — 0.95
4 3510 1.4 2228 1.02 1
Average 1133.01 + 147.70( 1.36 + 0.04 | 2083.85+ 156.37| 0.81+ 0.03 22
95 —3510 098 —1.59 221 - 3115 0.55—1.02

For comparision it is worth mentioning that the IAF of Kura chub of other
Armenian rivers on average can reach up to 3400, forming 990 fish eggs among the
smallest (body length 62 mm), and 5990 among the largest female (body length 95
mm). It should be noted that relative fertility of Kura chub in terms of 1 g of body
weight varies from 150-380 fish egg, however, in large individuals, this ratio decreases
slightly [6]. It is of utmost importance that Kura chub IAF in Dzknaget river belonging
to the basin of Lake Sevan has bigger indicators and varies among 1160-12000 fish egg
[3], which witnesses the great potential for further distribution of this fish species in the
basin of Sevan and favorable conditions for it.

We have also calculated maturity coefficients of gonad of males in river Pambak
for June, 2017 and May 2018 (tab. 5). According to our data indicators of male maturity
coefficient in May exceed the corresponding indicators of June, which in its turn
confirms our assumption of their spawning for the first time in late May and early June.
It should be noted that male maturity coefficient indicators grow along the age (tab. 5),
which may indirectly indicate that first of all the larger and older fish species with higher
maturity coefficients spawn.

Table 5. Maturity coefficient of male Kura chub in Pambak river by age group

Age 22.06.2017 13.05.2018
I, mm Qg MC n L, mm [ XS MC n
M+m M+tm M+m M+tm M+tm M+tm
lim lim lim lim lim lim
1 R - - _ | 6293 £355 [ 533 £1.08 8.50 +£3.82 3
59.60 — 68.70 | 4.00 —7.00 2.50 —13.00
2 7934 £123 [10.75£048 9.01 £1.18 g | 7276 £2.50 843 £097 1055 + 1.11 7
73.50 —83.30 | 9.00 —13.00 | 6.50 —15.91 61.50 —81.50 | 4.00 —11.00 | 7.50 —15.00
3 84.97 £0.68 12,67 £037 [7.27 £0.79 6 | 8535%5.16 1550 £3.54 1081076 | 2
83.20 —86.70 | 12.00 — 14.00 | 3.85 —8.33 81.70 —89.00 | 13.00 —18.00 | 10.28 — 11.35
Average 81.75 +1.07 | 11.57 £0.40 827 £0.75 14| 7240 £2.74 883 +1.21 10.08 £0.97 | 1o
73.50 —86.70 | 9.00 —14.00 | 3.85 —15.91 59.60 —89.00 | 4.00 —18.00 | 2.50 —15.00
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We have also studied the dynamics of maturity coefficient changes of gonads of females
and males in Debed river for April-July, 2018. As shown in the graph (fig. 2), the
maturity coefficient of females in April and May doesn’t change significantly and on
average is 10.99+0.63 (n=16) and 11.08+0.41 (n=12) respectively. It reduced sharply in
June, forming on average 5.86+0.74 (n=64), and rose again in July, reaching indicators
of May, on average forming 10.44+0.67 (n=79). Such a regularity is indicated in males,
when the maturity coefficient was on average 4.50+£0.80 (n=12) in April, 3.32+0.48
(n=6) and 3.02+0.86 (n=23) in May and June, and 3.94 + 0.30 (n=73) in July.

a) Males, F(3,110)=.86700, p=.46060

3 | — S % s

2 1

1

0 April May June July
b) Females, F(3,167)=9.9030, p=.00000

April May June July

Fig. 2. The dynamics of maturity coefficient of a) male and b) female Kura chub
in river Debed by months

The regular change in the above figures indicates that Kura chubs in Debed River
begin spawning in late April and may continue with some intervals until July. At the
same time, our observations indicate that both in Pambak and Debed rivers larger and
older individuals of Kura chubs spawn earlier in April and June, and smaller and
younger fish begin spawning later and can continue until the end of July.

11
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It is worth mentioning that in the period preceding the spawning season, the
maturity coefficients for males are higher than that for females. Thus, the maturity
coefficient for females in Aghstev river in March was lower than that for males, on
average, respectively forming 6.74+1.07 (n=13) and 10.20+3.07 (n=6) (fig. 3). Such a
situation may indicate that males become mature earlier than females and are ready for
mating earlier. As in Pambak and Debed rivers, in Aghstev river as well Kura chub stop
spawning in August, when the maturity coefficient for females is on average 3.00+0.32
(n=56), and for males 1.37+0.12 (n=34).

March

March

males

females

August

[
i
August

o Mean
MeantSE
T Mean£1.96°SE

" o Mean

MeansSE
1 Meant1 96"SE

Fig. 3. Comparison of the maturity coefficients of male (a) and female (b) Kura chub
in Aghstev River by months

Summing up the above mentioned, we can conclude that Kura chub in the basins
of Debed and Aghstev rivers becomes mature in case of not less than 60 mm body length
and at the age of two. The spawning season begins in April and can continue until July,

when higher maturity coefficients are observed.
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Being a polycyclic spawning species, Kura chub typically lay three times in
the studied rivers, generally laying from 1362 to 8245 fish eggs having a diameter of
0.55-1.02 mm at the stages of 1l1-1V and IV. Moreover, males become mature earlier
than females, and first of all larger and older individuals spawn. Spawning of the latter
occurs in April-June, and egg laying of smaller and younger fish begins later and may
continue until the end of July. At the end of summer, in August the spawning season for
Kura chub is over.
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AUYPALNYLPALEND UNESUUNIULE Y6AUSNE AUSChLRNIY
I NANLAYUYUL SULREN 3UUUYWUNQG L G4 3N1h
au3uvuLLerniu

L.U. 1ULU23UL, U.3.fUNG4YNU3UL, 2.U.ULGRUUL3UL,
u.3. @N4vuusuy, u.m. 4yurMuuL3uy, U.v.Aur3UUr

33 QUU Q.U.Ywuypywlh wudwl hhnpnwynuplyuwyh wpnp Gdutinh huuwnpwnnean
lauraghalachyan@yahoo.com

NunwUwuhpyb) BU B-6wnwguwjenn puwlwl W wnbhiuwéhu nwnhnunlyihnutbph (ML) Ynt-
nwlydwl  wnwudlwhwwnynienilutnu Upwpwunjwl nuwwnh  gnnuepwhrewihl, nwuwlwu hhn-
pnunuhywih W hnnh wwpdwulbpnd wyywé nbnwwnne wwwnphugnd  (Melissa  officinalis L.):
Muwnqytl E, np gnnwgnuwhruwhl hhnpnwnbhbuwh pngubpp ©°Se-h U *'Cs-h wwipnilwynuewdp ghgby
GU nwuwywu hhnpnuynuhywih Wwywpnyuephu 1,1-15 W 1,2-1,8; huy hnnwihu wywpnyutphu®
1,3-1,7 L 1,3-2,0 wuquwd: WuhUplu, gnnwgnpwphpwhl hhnpnwnuhy Gnwlwlu wwwhnyt, £
nwnhntyninghwwbu wnwyt) wuyinwug pniuwhndph utnwgnid, pwl nwuwywu hhnpnwnuhywu W
hnnp: Uhwdwdwlwy, ntnwwnnt wwwnphUgh ntnwhnudpnid Jepwhuyynn wnbhliwshu Nu-h (2Sr,
1¥Cs) wwnntuwynuentp sh gbpwquiligh) Uhu-U:

Qnwiinne wwinphue — gnedwpuyhl B-nwnpnwlinpynipynil — inGuliwdhl puwlyw nwnpnlunclyhnlbn
- gnnuignuphpwihl b nwuwlwl hhnpnunuplw-hnn

V3yyanuch 0cOOEHHOCTH HAKOIUIEHHS B-M3JIy4alolIMX €CTECTBEHHBIX M TEXHOICHHBIX pa-
nuonykiaunos (PH) B menucce nexkapersennoii (Melissa officinalis L.), BeipaiiieHHON B yCIOBHAX
BOJIOCTPYHHON KJIACCUYECKOM I'MIPOIIOHUKU U OYBBI ApapaTcKoi paBHUHBI. BBIsICHIIOCH, 4TO 1O
COZIepP KaHUIO 05y u B¥Cs pacTeHust BOAOCTPYHHONW THAPONOHMKU YCTYNANU PACTEHUSAM KIacCH-
yeckoi runpononuku B 1,1-1,5 u 1,2-1,8 pasa, a pacrenusim noussl B 1,3-1,7 u 1,3-2,0 pasa. Ta-
KUM 00pa3oM, BOIOCTPYHHBIH TMIPOINOHUYECKUN MeTOn oOecreyrs MONy4eHHEe Pajio3KOJIOTH-
yecku Oosee 6E30M1acHOr0 PACTUTEIBHOIO ChIPhs, YeM KJIacCHUecKasi THIPONOHUKa U roysa. On-
HOBPEMEHHO Cofiepkanue KoHTpomupyembix TexHorenubix PH (*Sr,"¥'Cs) B nexapcrserHoM chi-
pbe Menucchl ieKapcTBeHHOM He mpeBbimaio [1JIK.

Menucca nekapcmeennas — CyMMapHas -paouoaKxmusHoCmb — MEXHOLEHHbLE, eCIeCmEeHHble
PAOUOHYKNIUObBL — 6000CMPYUHAA U KNACCUYECKAs 2UOPONOHUKA- NOYE

The accumulation peculiarities of p-emitting natural and technogenic radionuclides (RN)
were studied in Melissa officinalis L. cultivated in Ararat valley’s water stream, classical
hydroponic and soil conditions. It was found that plants grown under water stream hydroponics
conditions have 1.1-1.5 and 1.2-1.8 times lower content of **Sr and **'Cs than the ones grown
under classical hydroponics, and 1.3-1.7 and 1.3-2.0 times lower than the plants grown in soil
conditions. So the water stream hydroponics is safer radio-ecological method for production of
plant raf material, than classical hydroponics and soil culture. At the same time the content of
controlled technogenic RN (Sr, *'Cs) dont exceed MACL in plants of Melissa officinalis L.
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Melissa officinalis L.— summary S-radioactivity — technogenic, natural radionuclides — water
stream and classical hydroponics-soil

Swjwnuh E, np puwywl b nbhulwéhu nwnhnuncythnUtnp (ML) wgpnhwdwybgnt-
pintlutph YeLuuwGpypwehdhwywl nnnghg onip-hnn-pnyu W hhnpnwnuphywywu uncpu-
wnpwwn-ulunwineénye-pnyu  thnpuwlugdwl 2npwubph  Jdhgngny  Yninwygnud BU - dpw-
Ywpnyutbpnud (Jwubwynpwwtu, nbnwpnyutpnid), hugh hGnliwupny Ywpnn Gu UGppw-
thwugt] Jdwpnnt opgwuhqu’ hwlgbgubiny Ywwugwynp  hhqwunnunilubph - wnw-
swgdwil: YELuwpwUnpEU wninEughw| UGS Junwlia B Upyujwglnid ©Sr (4jhuwinpnhdwil
wuwnpbpnugjniup® T1,=28,6 wwnh) W **'Cs (T1,=30,1 wwnh) nbhilwshu 'u-n [L, 3, 7, 9,
11-16]: Nuwh, nbnwhnwipnd  Ybpwhuyynn  nbhubwshu AU-h “Sr-h W ¥Cs-h
wwpniuwynipjwl W gnidwpwihu B-nwnhnwyunhynipjwl yepwhuynedp hwdwpynd £
wpnhwywu W hpwwnwwy fuunhn:

Swjjwywl winndwihu ElEYunpuywywup QUEY) gunuynid £ Upwpwuwnjwl nwawnnid,
nph 30 YJ pwnwyhnny gnwnhu hp dte Ubpwnnud £ Splwlp: 3wpdh welbiny yspnupqwén,
nwnhnEyninghwwbu wnwyb] wuyinwlug nbnwhnudph unwgdwl Lwwwnwyny dtn ynndhg
niuntduwuppytp Gu B-6wnwqujenn  plwlwlu W wbhlwséhu  NL-h  Ynwnwydwl
wnwUdUwhwwnynipyntlbnp  gnnwenwhpwihlt, nwuwywl hhnpnwynuphywih W hnnp
wwjdwlubpnud vwyywé nbnwwnnt wwwnphugnid :

Unip W dBpnn: Qhnwithnnpdbpp npdtp B 2015-2018 pr. 33 AUU Ipnpnwnupywih wpnp-
\GUUEnph huunhwnnunnud, Upwpwwnjwl nuwpwnh puwyihdwjwywl wwjdwulutpnud, &ngh Jwybnleny-
rhg uUnin 950 U pwpépnipjwl Ypw: Yhdwl fuhun gwdwpwihu E, onh wduwywu Jhghu 9bp-
Jwuwnhswlp hnihu-ognunnu wdhultphu 25-26°C £, wnbnnudUbph  twptywl  Jhehtu  gnidwpp
hwuund £ JhUgle 300 JU [2]: IGtwgnunnipintllph hwdwp opjtywn £ Swnw)t) nbnwwnnt wwwnphugp
(Melissa officinalis L.), npp 2pprUwdwnywynputph punwuheghl wwwnbwunn  50-120 ud pwna-
pnujwlp  pwauwdjw nGnwwne W Gebpwntnwwnne funinwpnyu £ UY.T): Mwwnphugp hwpnwun £
hwlwopuhnhsubnny, pwnpépwgunwd £ hdnitupintGunp, ntuh  hwywpnppnpwiht W hwywdhpnwuwhu
hwwnynipnil: Aniddwl Uywnwyny ogunnwgnndynid BU inbpllUGpp W yepleh puégninutpp’ grruwguiyh,
wntunwdnpuwht, upwnwlnpwht  hwdwywpgh hhjwunniejnlulbnh nbwenwd,  Yppwnednd £
Jwhwlwagbnah gbpdniuyghwih dwdwuwy: MwwnphUghg unwgynn Grtpwininp wju Yhpwenwd ntup
nEnwagnnéniejwl, uliunh W obwubihph wnwnwnpniejwl Uty [8, 10]:

Abnwuwnt wwwnphugh hhnpnwnuhy Gnwuwyny unwgywd uwshiutpp 1 u? dpw 8 pniu
fuinnipjwdp nbywnyytp Bu gnnwenpwphpwhu hhnpnwnupywywl hwdwywnpgh thnpduwywl  Jn-
nniubpnud  (guutwihl, wynuwihl, hwdwwnwnws), jnLnLupLuUUnan 8 u? Jwytptuny, nwuwywu
hhnpnunuhywywl  thnppwswih  Jbgbunwghnu wunpUtpnud (2 U9) W hnnwjhu Jpwynyeh ww)-
duililpnud (2 U): Npwtu (gulnie Yhpwnyty £ uwpuopng KMNOgh 0,05 %-ng |nwsnueny whu-
nwhwudwé, 3-15 Jd Jwuthyubph wpwdwgdng hpwphuwiht fuwpwdp: Pnyubpp uungytbp Bu
Q.U.Ywypjwuh Ynnuhg wnwewpydwsd ubunwinwdnyeny (0,75 L) [4], hugn gnnwgpwphrewihtu hhn-
pnuynuhyund wwppbpwpwn ondw pupwgentd (guplwlp W wlwlp' 6-8 wuqwd, huy wdnwlp' 10-
20 wugqwd hwtwpwywunipjwdp W 10-15 4py nlnnnipjwdp) 2heh dwny wuytpwnwnd dndb) £
pnyuh wpdwwnwplwy dhgwywyn: Utwugwdjw wpdnn nuényeh swithp Yuagdt) £ qupuwup® 20-30,
wdnwlp W wplwup® 30-50 J)/pniyu: Hwuwywl hhnpnwynuhywnud pngutipp uunigyt) BU gupuwp W
wplwlp opp 1-2, huy wdnwup' 2-3 wuqwd, hnnwjhu dwynyenid onyti U 3-4 opp 1 wugquwd:

Gwwgnunienllubph hwdwn thnpdwudnputp BU 4tpgyt| ulbnwiniényeh wywwnpwundwl
hwdwn ogwagnpéywé Glwjht wnpunbgul 9phg, ullnwinwdnirehg, 0-30ud hnnwptnpinhg W nbnwwnnt
wwwphUgh Ytpgtnljw quuqyuwséhg:

3nnp swnwjti £ npwtu unnighg, npnud hnwdneup Yugutg £1,5-2,5 %, hwpnoun £ $nudnpny
W Ywihnwing: Innwjhu wynypnd wywhwwuytb) U wuhpwdtn wgpninGhulhjwywl Ywunuubnp
(hnnh  thtupbgnud,wywpwpunwgned, Unwpunintph  hGnwgnid, mwnpbgwnwn nnngntd):  Uwnnighgh
hnntpp nengytp GU wpwnbguwu gpny: enpéwldnUbpnd 90Sr-h w ”Cs-h wwnniuwynientup W
gnidwpwiht B-nwnhnwywhynipintup npnadti 5U nwnhnehuhwywl Jbpnnutpny® YM®-1500 thnep
dnuwjht uwpeh dvhengny [6]: Unwgwéd wndjuiubpp hwdbdwwndtb) B uwhdwlwenijwwnntih
fuinniejniultph (URtu) hwn [1, 5, 15]:
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LY. 1. Ysnwuwnnt ywwnphUugp nwuwywlu hhnpnwnuhywyncd

Upnyniuplubn W pUubwpyncd: Iwynup £, np NL-p UGppwithwugnid BU pnyutph Ut
wpdwwnubnh dhgngnq‘ wpdwwnwpbwy Jdhewdwiphg W wbplubph Jdhengnd' onwghu
wdwquuhg [1, 11-16]: Mwnqyby £, np hhnpnwnUhywjntd wnpdwwubnh dhgngny
pnijutph Ubs ﬂb n Ul:nrawthwhgbl wil| uhhr}uJLnLénLjrahg (uuunwynLénL }rah wwwnnwundwu
hwdwp ogunwgnpéwé Giwht wpnbqul opned °Sr=0,04 Pp/j, *'Cs=0,003 Pp/|, hul
ullnwiniénuenud® *Sr=0,44 Pp/f|, *'Cs=0,03 Pp/|, fudtinL sph hwdwn Ut *Sr=5,0 Ppi,
B7Cs=11,0 Re/ [1]), huy hnnnd® npnghs ephg W hnnhg (hnnubnuinh funpniejncup 0-30ud,
npnud °Sr=6,9 Pplyg, ¥'Cs=8,0 Pp/yq): Lwnbih E Bupwnnb), np wbnh E nilbgh Lwl
pnyubph  yGpgbnjw  opqwllbph UG NU-h  UGppwthwugnd  onwjhu - wywquwlhg
(UpUnnpuwghu Lnbl’lnLLﬂJb[], thnh, énihu, Unip, wepngnitp W wyll): Cun npnud, onwyjhu
wywquncd gbpwipnty £ 27Cs-p [1]: 3wyinth E, np puwlwil optpncd U-hg gbpwilppnid £
g5r.n [1, 3], npp wwjdwlwdnpws b npw Ubs wndniwlniejwdp: Upnbgjul spnd
95,/57Cs hwipwpbpnientup uqut) £ 13,3, npp Untjuwbu Jyugnud £ npw dwuhl:

Pniuwhnidgh npwyp puntewgnnn Ywplinp gnigwitih £ wnbhilwshu NL-ht *sr W
¥cs  wwpniiwynuejwl  hwdwwwwnwupiwlniginitp punniudwé  nwnhnEyninghwiywit
wuywnwlgnipjwl swhwuhpubphu: Nwnhnphdhwywl yenpnwdntejwl wpnyntupUbpp gniyg
Eu wndb, np Upwpwuwjwl nwpwh JhUungylu  nwnhnEyninghwywl  (wpduwéniejwl
wuwjdwuubpnd RUEY-h inbhulwéhu wanbgnupjwu 30 Yd pwnwyhnny gnwnh) pniubnh
wydwu Gnwlwyp npnawyhnptlu wqnb) £ pniuwhnudph rzwnhnLuUthanpJuJU u_nl,u wrn.
1, 2): Cun npnwd, gnnuepwizhrwihl hhnpnuwnuhywinud wydws pngutnp *°sr-h W 2°Cs-h
wwpniuwyniejwdp ghet) Bu nwuwywl hhnpnwnuhywnd uyjwséutphu 1,1-1,5 W 1,2-
1,8; huy hnnwjhu wywpnyubppu' 1,3-1,7 W 1,3-2,0 wuqwd (wn. 1):

UnynLuwy 1. Mnwinnt wywinphugh pniuwhnedentd *°Sr-h W ¥7Cs-h wwpnibwynieyniup L
hwpwpBpwywlu gnigwuhubpp hhnpnwnuhywynd W hnnned

9OSr I 137CS 9OSF I 137Cs
Swppbpwy N3, Psr/"Cs ugq
Pplyg
Quuiliwjhu 3,7 41 0,06 84 137
Uynuwjhl 44 46 0,06 10,0 153
3wdwwnwpws | 5,0 6,2 0,05 11,4 207
Qwuwywl
hhnpnunupyw | i 7.3 0,05 12,9 243
3nn (unnwghy) | 83 0,90 0,9 1,0
URM [1, 5, 15] 100 400 - - -

Wjuhupl, nwnhntyninghwwtu wnwdb wudunwug pniuwhndph unwignd www-
hndtG, £ gnnwepwhpwihU hhnpnwnuhywywlu hwdwywpgp: Yw Lpwuwynwd E, np gn-
nwenpw2hrpwhu hhnpnwnuhywywu hwdwywnagnud nwuwywuh bwle hnnuyhuh hwdGdwn,
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uinbndyty U pnyubph wabgdwu nwnhntyninghwwbu wybih pwpbuwywun ywydwlubn:
Ywnbih E Bupwnntl, np Utp ghnwthnpdbpnd onwjhu wywquwuhg NU-p Unwing Bu gnpdt
huswGu hnnh, wjuwtu E nwuwywu hpnpnunupywih (gwunietph  Jbp, npuntnhg
nbtnuwpwndytb, Bu hnn-pnyuph wpdwwn-ybpgbunujw opqwu W hhnpnwnupy  [gwujnipe-
ullnwpwn [neénye-pnyuh - wpdwn-yepgbinbjw opgwl - thnfuwtigdwl  2nrwlbpny:
Uhugntn, gnnwgpw2hpwihtu hwdwywngnd nw wnknh sh nlukgb), pwuh np [gwunetpp
wniptphiGlwht pwnwupny JUtynuwgywé Gu onwihu wljwquwlhg: Fwgh npwuhg,
gnnuwgpuwhpwiht hwdwywngnud Yhpwnyty £ pnyubph wpdwwnubphu ulunwinwényeh
dndwu gnnweonwphpwhu Gnwuwyp, nph nGwenud, Jhwdwdwuwy, thnppwgbp E
ulunwpuwn [nényreh dwhuup W lgwynetph hbn ullunwpwn nuényrh 2hdwl dwybntup:
Qw hwuqgbgpt, £ pnyubph wpdwwnwplwy  ulUunwdhpgwywipnud  NU-h - pwliwyh
thnppwgdwlp W ullnwpwp (neénye — pnyuh wpdwwn-ybpgbunljw opgwu thnhuwugdwu
nrwny Mu-h inbnupwndh Ujwquwup: Upnyniupnid, gnnwgnuwihwihl hhnpnwnuhy
hwJdwywnpgnwd pnyuph wpdwwnwpuwly dhgwdwpnid pwnhnjwnywénieznitup qgwihnpbu
ujwqby E, nph 2unphhy uwnwgyt) £ nwnhnEyninghwwtu wybih wugunwug pniuwhnidp
nwuwywu hhnpnunupyuwih W hnr(}h hwJtdwin:

@t ulUnwintényend *Sr-p qtipwquigt) £ ¥Cs-nu Unin 15 wiliqud, uwlwijl
hhnpnwnUhy pntuwhnidenid gbpuwpened £ ¥Cs-p (1,1-1,3 wiliqud): Uw hwunwnynud E
uwl “sr-¥Cs  qnuygh nhunynn  hwpwpbpulgnuegniibph (W) (°Sr™Cs — pny-
unud=Psr/ACs ulilinuwinwdnyenud Ywd hnnnud) [7] wpdbputpny, npnlip hhnpnwnUhwncd
YJuwquty Bu 0,05-0,06, huy hnnntd* 0,90: Wuhuplu' W3<1-hg, hugn Lpwlwyned E, np pnyubpl
wybh hunbuuhy Yt U 2¥7Cs-p (wn. 1): Uw ey £ wptnwhwjndws hnnnud: Wuwbu,
gnnugnwphreuwhl hhnpnwnuhwnud **'Cs-h Ynunwluwl gnpéwlhgn (MQ) (FU-h pwiliwalp
pnuuntd+=NU-h pwlwyp ullnwiniényenid Ywd  hnnnud)>®Sr-h Wa-hg 16,5 wlquwd,
nwuwywuntd® 19 wuqwd, huy hnnned® 1,1 wliquid:

Pwgwhwjnydby E, np hnnnud dpuyywsé pnyubpp, el gnudwpwihu B-wywnhyne-
pjwdp ghety GU (1,1 wlgwd) hhnpnunuhywih pnyutphl, uwywju gnidwpwhu B-wy-
wnhyntpjwl ute *Sr-h L ¥'Cs-h dwuliwpwduny gbpwquiligh] B npwilig (wn. 2):

Unjnruwy 2. Y6nwwnnt wwwnphugh gnidwpwihu g-nwnhnwywnhdnientup W
NUL-h Jwulwpwdhup hhnpnwnuhywynwd W hnnnd

Qndwpuwjhl Psr [ "cs | Ntphy AL

Swnptinuy B-LUULEI;L/{SE&J“LU, Jwulwpwdhup B-wywnhyniejwl Jty, %
Qwlwjhu 540 0,7 0,7 98,6
UYynuwjhu 550 0,8 0,8 98,4
Swdwnwpwé 560 0,9 1,1 98,0
Twuwywlu 570 1,0 1,3 97,7
3nn(uwinnLghy) 500 1,3 1,7 97,0
Ul [15] 1000 - - -

Wuwbu, pnijubph gnidwpuhl B-wynhyniejwl dbe *°Sr-h W ¥'Cs-h dwulwpwdhlp
UhwuhUu gwuwhuntd Ywaqut] £ 1,4 %, wynuwjhund® 1,6 %, hwdwwnwpwédnid® 1,9 %,
nwuwywlu hhnpnwnuhywnd® 2,3 %, huy hnnnud* 3,0 % (wn. 2), hugp Lpwlwynwd £, np
gnnuwgpwhpwihu hhnpnwnuhynd unwgwd pniuwhnidep nwnhnEyninghwwbu wiyGih
wuywnwlug k£, pwl nwuwywu hphnpnunuhywinud W hnnnud: Ywpbh £ GupwnnGl, nn B-
Swnwaguyenn wjl npubwshu ©sr, s, 221, 21, *°Co W wyl) nL pwlwl (PK, 2°Pb, *®Ra W
wjju) NL-h Jwubwpwdhup vhwuhu gubwhunwd Ywgudt) £ 98,6 %, wynuwjhunwd® 98,4 %,
hwdwwnwnuwénid® 98,0 %, nwuwywl hhnpnwnupywncd® 97,7 %, huy hnnned® 97,0 %:

Lywsd NUL-hg wdblwdts B-nwnhnwywnhynipjwdp (89,33 %) wnwuduwunid E
OK-n [7, 16]: Cunn Unnnewwwhnipjwl hwdwphuwphwhl Yuauwyspwniejwl, paLuw-
hnwpp YwpGlh £ hwdwnpb, Eynnghwwtu wuyinwlg, Geb npwunwd B-wnwgwjpnn
plwywu b inEubwdhu NL-h pwliwyp sh gGpwquitgned 1,0 Pp/g uwhdwup [15]:
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Un. 2-h nyjwutpp gnyg G nwhu, np wuhwhu wydwl Gnwlwyhg, nbnwwnc
wwwnnphugh pniuwhnidplu Eyninghwwbu wudwwug £, pun npnud, gnnwgpwhrpwihlu hhn-
pnwnuhy Gnwuwyny unwgywél' wnwybp wuywnwlg: 3pnpnunupyuwnd W hnnnod
utnwgywsé pnruwhnidpned yepwhulynn nbhubiwshu NL-h (°Sr, *¥Cs) wwpniuwynteniup
sh gbGpwquiugt) Uratu-u:

Wjuwhuny, Jtn nruncdbwuhpnigniuubph wpngniugnd pwgwhwjundBp £, np gn-
nwgnpw2hpwihu hhnpnwnuhy Gnwuwyu wwwhnytbp E nbnwwnt wwwphugh nwnhn-
Eyninghwwtu wybih wugwnwug nbnwhndph unwgned, pwl nwuwywl hhnpnwnuhywu
W hnnp:

QnpéLwhwl wnwgwnly. Yenwunne wwwnphugh nnwhnidph wpunwnpdwl hwdwp
wnwownpyynd £ Uwhuplunnpty gnnwenpwphpwihu  hhnpnwnuhy  YeuuwnGhuuninghwywu
Gnwlwyp:

qruuuunt@3niu

1. 33 Qwnwdwpnipywll weplptpn dhgniyuyhl  wlywnwlgnipiul  Jupquynpdwl  wGwnwlwl
Yndhuinbh gnpénLltnipywl hwpytnynepynil, 20 14f. www.anra.am/upload/Annu...

2. dwbywl L. 9. Audp. 3wjwunwUh waguwiht wwnjwu, W hwwnnp, 6., 232 Ly, 2007:
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Innyuénud Ubpywjwgdwsd Bu wydwl nwppbp Gnwlwyutph wanbgnipjwdp hnnh wapn-
JGlhnpwwnnhy yptwyh b wpbwlwgwl gnptuh pGppwwndniejwl thnfuwagntgnieintubph yepwpbnug
Jwwnwnywé ncuncdUwuhpnuejnilbph wpnniuplutpp:

Unwnwiph Jwngh Ipwgnuuh tnwpwswpgwluh wugnpnh Gpypwagnpénipiwl wwjdwuubnnd
2016-2018 pywywuutph hGwnnwgnunientbutpny wwnaqyb £, np ulbwhnntpnud wplwuwgwu gnptuh
dowynieintup hnnh wydwu thnpdwpyywé Bpbe Gnwuwyutphg (unpp Jwp 22-26 ud, Jdhwju
thhuptignud 10-12 ud, gpnjuywl wynd) wpnyntuwytnp dhwju hnnh thhuptgnidu £, npp fjunpp Jwph
W gnnjuywl wydwu hwdtdwwnniejwdp wnwyb) pwntpwn £ waqnb hnnh wagpndGihnpwwnhy hwwn-
ynipynclltph Jpw, Uwwuwnbk) pbpphnugyjwt pwpédpwgdwlpn W ybpguwnnyniupnid wwwhnyt, 51,8
g/hw hwwnhyh pbpe, npu £ wnwewnyynid £ wpnwnpnieniuncd Uspnutine hwdwp:

3nnh Bwynid — wanpndthnpwwnpy hwwnynepyntl — wplwlwgwl gnpbl —
wnbfulninghw — pippwwnyntpinil

B crarbe mpencraBieHsl pe3yibTaThl HCCIEIOBAHHMSA B3aMMOCBSA3U arpOMeEIHOpaTHBHOIO
COCTOSIHUS IIOYBBI M YPO)KaHHOCTH O3UMO¥! MILEHHILIBI TIPU IPUMEHEHUH Pa3JIMYHbIX CLIOCOO0B 00-
paboTKH.

UccnenoBanus, nposenennbie B 2016-2018 rr. B ycioBusx OorapHoro 3emienenus Pas-
JaHckoro paiiona Koraiikckoro mMapsa, 1mokasaju, 4TO IpPU BO3JEIbIBAHMM O3MMOW MIIEHUIBI Ha
YepHO3eMax M3 TPeX HCCIEAyeMbIX CIOCO0OB 00paboTKM IMoYBHI (IiiyOokas Bemamika 22-26 cMm,
Tonbko peixieHue 10-12 cMm, HyneBas 00paboTka) Hanbosee 3PPEKTUBHBIM SIBISICTCS PHIXJICHHE,
KOTOpOE 10 CPaBHEHHIO C TI1yOOKOM BCIAIIKON M HYJIeBOW 00paboTKo# oKka3aio Oosee Graromnpu-
SITHOE BO3/ICHCTBHE Ha arpoOMENNOpaTHUBHbIC CBOWCTBA IOYBBI, CLHIOCOOCTBOBAJIO NOBBILICHUIO €€
IUIOJIOPOJMS U, B KOHEYHOM HTOre, odecreumno nomydeHue 51,8 1m/ra ypoxas 3epHa, ciemo-
BaTEJILHO, IIPeJUIaraeTcst A1 BHEPEHHS B IPOU3BOICTBO.

06pa60m1<a no4yesl — azcpomenuopamuehole ceolicmea — 03umast nuteHuya —
mexHoJiocus —ypoofcaﬁﬁocmb

The article presents the results of research on agromeliorative condition of soil and their
effect on winter wheat yield under the influence of various tillage methods.

Studies conducted in 2016-2018 showed that out of three tested methods of tillage (deep
plowing 22-26 cm, only loosening 10-12 cm, no-till farming) under conditions of dry land farming
of black soils, winter wheat cultivation in the Hrazdan district of Kotayk marz loosened, compared
to deep plowing and no-till farming and had a more favorable effect on agromeliorative properties,
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contributed on increase of fertility and as a result provided 51.8 centners/ha of wheat crop, for
agricultural production.

Soil tillage — agromeliorative properties — winter wheat — technology - yield

3nnp gjninwununbuwywl wpunwnpniejwu hhduwywu Jhgng E, npw pGpphnt-
pjwup ni wpunwnpnnuywungejwdp B wwydwuwynpjwé  Gpypwaglnh - puwygniejwl
ullnwdJpetpeh hwpwantt wwhwugh pwywpwpnudp:

Qhunwwnthubhywywu wnwepUpwgh wpnh thnned huyuwywywu swihbph £ hwub
hnnwjhu nGunLpultph wlpulw ogwnwagnpénLup: ARuwywlu n wuppnwngbl gnpdnuutph
wgnbgniejwdp tnwpbg twph wyGwunwd £ hnnwwnwpwépubph nbgpwnwgywéniejwu
Jwupwnwplbpp: Cunn MAY-h inyywiutph’ Gpypwgunh hnnuwjhu nGunwpuutbph 60 %-p ww-
pwplnye dupnudubph wanbgnuejwdp upwnyyt, E wwppbp wuwnhdwuh Epnquigywiéne-
pjwlu L wdtl wwph hwdw2huwphwihu oyyhwunu E jgynd huyuwjwywl pwlwyniejwdp
ulunwuwnwpnptpny nt hnedneunyg hwpnun dwUpwhnnnwnUwinyg hnnbph wpunwnpnnw-
Jwunejwu bjwquwl glhuwynp wwwéwnp [1, 2, 3] 3nnp, npwtu Eynhwdwywngbph
pninp  hhduwywu gnpdpUupwgutph  Ypnn no Jwulwyhg, dwpnnt  sypnwnunyws
gnpénlutnejwl wpnyniupnd Bupwpyynud £ wnwpwplunye  thnthnpunincluGph, nph
hGunlwupny puyunwd £ Eynppghwywl  hwdwywnpgbph  wpnwnpnnuywuncndtup W
pnLwuntd npwug Ywniunteniup [4]:

QnLnwwnuwntuntejwl Uty nbhuuhywh oguwagnpdniup tnwpwplnye whuwnwlup-
utGpnud (Jwnh, gwueh, uwynipjwl, pGpewhwyweh, wntnwihnudwl, Jepuwdowydwu W
wjlu) Uwwuwnnd £ wpuwnpnnuywunigjwu W whuwwnwuph - wpnyniuwyGunncejw
pwnépwgdwlp: Uwywu jwjlwdwupinwp thnpadwnynwdubpp gnug Bu wthwihu, np ng pninp
Unpwgnuu wnGhulninghwltbpu Gu, np Ywpnn BU nwnUw; hnnh Eyninghwywu hwywuw-
pwipnnipjwl wwwhnynn gnpénl: Gppbulu wnwubdhU wnbhuuninghwutph Yhpwnnienitup
ns Uhwju sh Uwwuwnd hnnh pbpphnuejwl pwpdpwgdwll ne wipinwnpnnuywuntejwl
wyBluwgdwup, gjninwwnunbuwywu Bwywpnyubph wéh ne qupgugdwl hwdwn wuhpw-
dtonn onwjhu, opwjhu W ullnwjhu pwpBUuwywuwn wwdwllbph wnwewgdwlp, wjl
hwugbgunid £ hnnh  Ywnnigywéph puwpundwlp, opqwlwywl  Unyebph - wpwg
hwupwjuwgdwup W pEpphnipjwlu wuydwup: 3Gnlwpwn, gwuyuwgwé nrundUwuhnnt-
entl, npp Uwwnwywninnywé £ hnnh uwynupjwl wu wd wju wnkpuuninghwhl, npp
Jhindwé E wgnngbunquinh wpunwnpnnwywuniejwl pwpanpwgdwlU no hnntph pEpphnt-
pjwl wwwhnyuwlp, wdd fwywu £ W pfunwd £ hwupwwGunniejwl gjniuwnuntuntgjwl
U plwwwhwwuntejwu nwqudwyuwnnipjwl ywhwlglubnhg:

Unp b dEpnn: NunwUwuhpnientbubpp ywwnwnytbp Bu 2016-2018 pqwywultphu, YUn-
wnwjph Jwpgh 3pwgnuwuh  nwpwéwnowuh Wwthwnpu hwdwiuph  wwydwuuGpnud:  “Ywpunwgihu
Lhnnél:znn nnyty 6u Gpbe Ypyunnnieiniund, jnpwpwugnip thnpéwdwpgh Jdbénieiniup Yuaqut) £
100 U*: 3Gwnwgnuince)ntlltph pninp lnwphubphu nwpwnwhu thnpadtpp npytp U Ypwgnepy U pw-
inhwh ultwhnntpnd, npp punpny £ 3pwgnwth twpwédwpgwuh hwdwnp b wplwlwgwl hwgwhw-
nhywjhu wywpnyubpp (hhdbwywunwd wpbwlwgwlu gnptl) dowyynd GU win hnnwwhwh Jnw,
npwntn Jupbuwptpunnud hnwdneup Yuaqunud £ 5,8 %, nlubu gnbet ¢ggne Jhswdwin (pH-p 6,9-7,1),
htoin hhnpnthgynn wagnunh wwpniuwynwenup 4,39 Jg, $nudnpp' 6,5 dqg, huy thnfuwlwlywihu
Yuwihnwdp® 38 Ug 100 g hnnnud: ®npdwnwwnh hnntpp hnwdnwuny Jhpwy U wwwhndywé, wgnunny®
RNyl huy $nudnpny b Yuihnudny (wy:

Gwnwgnunientlubpp Uwwwwy U hGrnwwunt, wwpwéwpswlnud  wnwehlu - wlgwyd
ncunctdUwuhpt) hnnh wydwu wnwpptp Gnwlwyubph wanbgniejwdp hnntph dGihnpwuinhyd yhdwyh
W dowydnn wplwlwgwl gnpEuh («Rbgnuunjw-1») pbppwwnyniejwl Ypwé thnthnpunieiniultpp,
pwgwhwjnt] hnnwUwydwu W unwgwéd pGpph jwdwagnyu wnwnppbpwyp  gnuwnunbuwywl
wpuwnpnipintund UGpnubine hwdwp: Ywwnwihlu thnpdbpp npybp U Gpbe nwppGpwyny. 1.lunp
Jwn 22-26 ud; 2.Uhwju thhupGgnd 10-12 ud; 3. 2pnjuywl uwyniejntt (Jhwju ninhn gwugny):
Wlwlwgwu gnptuh  gwuph, hGwmwagw dwynwdubph W pGppwhwdweh  wphuwwnwlplutnp
hpwywluwgyt| U tnwpwswpgwuntd punntuwé wgpnywunultph hwdwéawiju:
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Pninp wppbpwyutpnud wwpwpunwgnudp Juwnwnygbp £ wpuwlp, hwlpwihl ywpwpunw-
Uniebph Uhlungu Unpdwutbpny® NeoPeoKso (wgnnn Unieh hwpynd): 3nntph JGihnpwwnhy yhéwyn
ncuncdUwuhpbint hwdwnp gpwrwthwugbihnigintup npnadbp £ LWL Ywghuuyne JGennny, spwlwjnitu
wagptgwwutpp® Uwdhundh Jtennny [7, 5], wapnphuhwywl W wgpndhghywywl gnigwlihubnp’
hwdpunhwuntp JGpnnutpny, npnup ptpdwé Gu R.U. Swagnnhuh fudpwagpniejwdp hpwnwpwyywé
wagpnehvhwih wuwihquieph JGennwywu dGnuwpynd [8]: Wlwlwgwl gnptUh pGpph pwlwyp
npnayti| £ pGppwhwyweh dwdwuwy hwdwwnwpwé pepph hwpywndwl JGennny: AGppwnyniejwl
inyjwiltpp Gupwnydt) B vwetdwwnhlywywlu yeninwdniejwl, thnpdh ubuwih (Sx, %) W wdGuwkEwywlu
wnwppbpneejwu (UES 0,95, g) npnanudny, nhuwtpuhnu yGnnwéniejwu Jbpnnny [6]:

Upnyniuplubp W pUwpyncd: Innh Jwpnwdéhu dwupwpbnuywéniejwl Yuplinpw-
agnju gnighg £ hwunhuwunwd JGhuwuhywywu nbgpwnwgnidp, nph yGpwptpjwy hwywuwnh
ntnGyne Nl BU twhu hnnh JGihnpwwnhy yhdwyhu wnlsgynn niuncduwuhpnienilltpn:
Ununwjph Jdwpgh Ywihwpuh JwpbwhnntGpnud  uwnwpywéd  hGnwgnunnie nllubpnyg
wwnpaqyby £, np hnnh wydwu wnwpptp Gnwlwyutpp wwpptp Yepw B wgnbp hnnh
JGihnpwwnhy yhdwyh ypw (wn. 1): bugwbu gnug Gu twhu wnynuwyh ndjwutpp, hnnh
JGihnpwwnhy yhdwyp punipwgnnn Yuwnplnpwgnuu gnigwuhubnhg hwdwpynn nwunwghu
uwhdwUwihU punbuwynipiniup, gpwrwthwlgbihnuysntup W gpwlwynt wgptguwnutph
pwlwyniejntup wnwyb] pwpép £ hnnh dwynwdp Jhwju thhupbgdwl (10-12 ud) nwppb-
pwynwd, wjunthGinle gpnjuywu wyniejwl, hGnn Uunp Jhwjiu 22-26 ud punpp Jwph
wnwnpbpwynd: NunwUwuhpnieinilutphg wwpqytg £, np huintuuphy Gpypwgnpdniejwu
hwdwywngnd hpwywuwgynn dhgngunnidubpnh pupwgenid, nyjwy ntwend funpp Jwph
dwJdwuwy dwup nkhuuhywih ogunwagnpédwl wwjdwulutpned, hnnh Gihnpwwnhy yhéwyp
punipwagnnn gnigwuhpubpp Ypnwd BU pwgwuwywl thnthnpuncenil: UwulwynpwwBu,
wju wuwpwgwntd funpp Jwnph dwdwbwy JwnpGwhnnh Ywrnigywépp fuwhundnid £
(thn2hwguntd), BupwywnGwtpnu wdpwgyned, nhundnd £ JupGiwhnnh funpnuejwdp
Jwupwhnnh wbnwawnd ntwh hunpe, quwwund £ hnnh wgpndhghywywu yhdwyp W
wpnniupnd pnywuncd £ wpuownpwywl - wpnnneeinlut ne yepwlwtiqudwu
nilwyneejniup: Wu hwugwdwleny £ pwgwwnpynid Uwle hnnh owwhdwy Swywiwhu
qwugywéh (1,10-1,17 q/ud3) L punhwuncp Unpdwy Swynunytuniejwu (50-55 %) gnigw-
Uhpubphg tunpp Jwph nwnpBpwynd Upqwé Jeénienluutph 2tnnudubnp: Wuwbu, Grb
gnnjwywu uydwu W Jhwju thhupgdwu tnwnpGpwyubnned hnnh dwwiwiht quugywédn
hwdwwwuwwuppwlwpwp Ywqut, £ 1,11 W 1,19 q/uu3, huy punhwunip  dwynwn-
yeunientup* 50 W 56 %, www funpp Jwnh thwpptpwynd win gnigwuhpubpp gguithnnptu
2bnyby BU owwnhdwy Utédnie)nillbnhg W Ywauty 1,44 o,/uu3 W 43,0 %:

Uplwlwgwu gnptuh wpdwwnubpp ndqwpniejuwdp Bu UGprwihwugnid dhwénu!;

ullwhnntph hnnuwptpunng 1,42 q/uu3 wdpwgywénipjwl nbwenwd, huy 1,50 g/ud
wunpwgywénipjwl ntwend punhwupwwtu s6U pwihwugnud: Uhwdwdwlwy wwnpgb E,
nn hnnh wJdpwgywénipintup 0,1 q/uu3-nu_ dGdwuwint nbwpenwd punhwunip hwpyny
Uwlwpniubph pbppwnyneentup UWwaned £ 6-8 %-ny, hwgwhwwnyh pbpep* 2-10 g/hw-
ny [3]:
Swdwudwlu Gplnype wbnh £ nlubghy Jep Ynnudhg hpwywlwgywé ghunwthnpébph
pupwgentd, b wplwlwgwl gnptuh pGppwwnyniejwl UWwl twppbpneinlup funpp ywnh
wnwnpGnwyned pnepg 11 g/hw-nd pbpph wwwup dhwju thhupggdwu twppGpuyh W 7,2
g/hw-ny’ qpnjuywl uwydwl nwppbpnwyh hwdtdwwn, npndhbunle JGn thnpdbpnud hnnp
wdpwgywénipintup funpp quph wnwppGpuynud Ywadl), £ 1,44 q/ud3, huy punhwuntp
Swynnybunipintup® Jhwju 43,0 %: Cunn Swjpwwbunwup [3], wplwlwgwl gnptuh
wndwwubpp nddwpniejwdp GU Ueprwthwlgnid Uhu.lénLy_ ulLwhnnbph hnnwptnwnny 1,42
q/ud3 wdpwgywéniejwlu  nbwenwd, huy 1,50 g/ud” wdpwgqwénipjwl  nbwpnid
punhwupwwbu $EU pwthwugniu: IEnhuwyutnp Jhwdwdwlwy wwnqgb, Bu, np hnnh
wdpwgywénipintup 0,1 q/uu3-nL{ Jb6wuwint nbwenid punhwunwp hwyny Wpwiyw-
pnjubph pbppwwnynie)niup bjwgnid £ 6-8 %-ny, hwgwhwwnyh pbpep* 2-10 g/hw-ny [3]:
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Swdwudwu Bplenye nbnh E nlubgt ubp Ynndhg hpwywuwgywd ghuinwithnpébph
pUurpwgentd, W wplwlwgwl gnpGuh pGppwwnyniejwl Udwl tnwpptpnienlup funpp ywnh
wnwnpbnwyned pnepg 11 g/hw-ny pbpph wwwup dhwju thupgdwu tnwpptpwyh W 7,2
g/hw-ny’ qpnjuywl wyuwl wnwppbpwyh hwdtdwwn, npnghbunle JGn thnpdbpnud hnnp
wdpwgywoénipyntup funpp wph tnwpptpuynud Ywadl, £ 1,44 q/uu3, huy punhwuntp
dwynwnytuntentup' Uhuwu 43,0 %:

Unyniuwy 1. 3nnh wyniejwl tnwlwyny wywjdwluwynnywé hnnbph JGhnpwwnhy yhdwyp
pUuntwagnnn nnn2 gnigwuhpdtpp Ipwgnuuh lnwpwswpnpswuh Wwthwpu hwdwjupnwd (2017 .)

R B Qnuipwthwu- [Ywnwihu uwhdw-
dpwyghw 5 gl
Ubnp, UU F é ghyntejniup, |Uwjhb funuwyniuw-
=] < ! g & in) Unpniup, %
33 o R
55l |3 ¢ |
nnuwydwl &2 | pHn A 25 2.
wnwppbpwyutpp .1::',% 5 oy 5 ~ | 35| 3 4 | Uhghup
3£ Fl &1 2|32 | = |dw| usy [010]10-20[20-25
=2 Q v v | 3 £ dnud | dwdnud
= [$) < 3
g =
i a
funpp Juwp
30-25 ud 0-25| 7,0 |57 25 [ 129|403 | 1,44 43,0 |56,0| 14,0 |28,0 298] 28,6
Vhul wbinbanud | 0.5 | 7,1 |s9| 23 | 126|374| 119 | 560 |480| 120 |290(310]320
2nnjwywlu
WwnLpntl 0-25| 6,9 |59 2,0 [ 146|359 1,11 50,0 |36,0 9,0 25,0 31,6 | 34,0

Unyniuwy 2. 3nnh wydwl twpptn Gnwuwyutph wantgnipintup wbwlwgwu gnptuh
pEppwwnynLejwl W pepph Yunrnigywépwihl tnwpptph ypw pun nwnhutiph

3wwnhlh ptinenp, g/hw 2 é Uty hwuynd
o

gl al 5| a -

= aL = c =]

& 5 \;" S = c

=] =8 - = = S ',.;\,

Swpptpwyutpp 3 2 IS = 5 é 5

2016(2017| 2018 | 2| E| 3| E| 25| €

S|5|3|3|52|3

S = > = 3 & =

S a o c =

3| < 8 S

c =3 =) 3

i5 l'e] — E<
tunnp Yup

1 20-25 ul 384|412 428 |408|590| 782 |418| 270 | 1,90

2 Uhui thfuntignud 50,6 | 53,6| 512 |51,8|630]| 789 |432| 27.4 | 196
10-12 ud

3| opnuuywl buwynient | 49,0 | 46,9 | 48,1 |480|610| 784 |422| 269 |19

Swdwbdwju wn. 2-h wnyjwiutph, 1-hu twppGpwynd (unpp Jwp) hwwnhyh Jdhghu
pbpep Ywquty £ 40,8 g/hw, hugp wybh phys £, pwl qpnjuywt Jwydwu nGwenid  (3-pn
wnwnpbnwy), vhugnbn Jhwju thupbgdwdp wwwhnydt £ 51,8 g/hw hwwnhyh pbpe: Wu
wnwnpbnwyu wgeh £ puyty bwle pGpph Yunngywédpwihu wyp wwpptGph ywnpwaguwynid:
REpph hwybinwdp Yuautg £ 21,2 %, huy gpnjuywl Jwph hwdtdwn® 3,8 g/hw:
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Wjuwhuny Ynunwiph Jwnpgh 3pwgnuwup nwpwéwpnswuh ullwhnnwihlt gnunc

wlgnnh Bpypwagnpéniejwl Junpdwl wwjdwuubpnud Jhwyynn wplwlwgwl gnptuhg
pwpénp nu Ywjntu pbpp wwwhnygbint hwdwp hnnh wynwdp  hpwywluwgul, Jhwju
thiupbgdwu Gnwuwyny' hnnp thfuptgutp 10-12 ud punpnigjwdp, npp funpp ywph W
gqpnuywl  wydwl  hwdtdwnnigjwdp  Uwywuwnnetd £ hnnh - wgpndGihnpwinhy
hwwynie)nilutph  pwpbwydwup W pGpphnuegjwl pwpdpwgdwlp,  wpnyniupned
unwgynd £ 51,8 g/hw hwwhyh pbpp, npu £ wnwownpyynd £ gjninununbuwywl
wpuwnnnyeintuncd UGpnuGint hwdwn:

~

qruuuunt@3niL
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BriepBbie pazpaboTaH IpOCTOil METO/ BBIACICHHS H OYMCTKH dKTocoManbHOi NADPH oxkcu-
nasel (3kT0-NOX) W3 LHMTOIUIa3MbI SPUTPOLIUTOB KPOBH IALMEHTOB ¢ Auaberom | Tuma (OmbITHAS
rpymma OI') u goHopoB (koHTponbHas rpymmna KI), a Takxe HatuHoro NADPH-conepxaruero yu-
nonporerHa (HJIIT) 13 cbIBOPOTKH KPOBHL.

Onnako ynensHoe copepkanue 5kro-NoX B KI' 6puto Bbiie TakoBoro B OI' moutn 2 pasa.
[pun uncynuuzaBucumoM quabere yaeiabHas NADPH-3aBucumast O, -nipomyrupyromasi akTHBHOCTh
9kT0-NoxOI' (19,7+1,6 en/mr) mpakTHueckd He MeHsuiach, 1mo cpaBHeHuio ¢ KI. VYaenbHast
¢beppuHb-BoccranasnuBatonas aktuBHOCTH 3kTo-Nox B Ol Obuta Huke, uem B KI. ®opma
onTHyeckux crekrpoB nornomeHus 3kro-Nox u HJIIIB OI' u KI' mpakruyeckn He pa3iuyaercsi.
IokazaHo, uro HJIII sBisiercst kodakropom st NOX.

Tak kak conepxanue U peppuHb-BoccranasnuBaroias aktuBHOCTH 3kT0-Nox B OI' HiKe,
gyeM TakoBble B KI', 3TO MOXeT BbI3bIBATH TMIIOKCHIO Y OONBHBIX 1uaderoM 1 Tuma. Pe3ynbratsl uc-
CIIeZIOBaHUS MOTYT ObITh MCIIOJIb30BAaHbI KaK HOBbIE IMArHOCTHYECKUE TECThI Juadera Tuma 1.

Kposb— ouabem 1muna-NADPH-cooepocawuii nunonpomeun -sxmo-NADPH-oxcuoasza

UnwehU wuqwu vwyyt £ wywng UGenn nnunpwywl (uinnighg fundp — Ulu) W 2wpwpwhun
1 whwh hhywunutph (thnpalwywl  funwp - ®l) wnwl Ephepnghiilph - ghuninwwquwihg
Eyunnundwjhu LUNWPH opuhnwah (Eywnn-Nox) W wpjwu 2héntyhg LUMPH wwpnibwynn Uwwnhy
thwynwpnunthuh (LLM) wUpwwndwl no JwpepdwlU hwdwp: Upwu 2hénlyh LLN-h  inGuwlwpwp
pwlwynipintup Ulu-nud Ywaqunud £ 2,45+0,03 dg/d] (p<0,05), huy ®hu-nid -3,50+0,02 (p<0,05)
dg/:.pPuunihlwywiujw) 2wpwpwfunh dwdwuwy Eywnn-Nox-h LUAPH Ywhujw O, -gnjugdwl
wywnhyniejwilp dhu-nd (19,7+1,6 en/mr) gnpdlwywunpbu ¢h nwppbpynd npwuhg Ulu-nud: ®tu-h
Eyunn-Nox-h inGuwywpwn $tnphHb-YEpwywlgudwl whinhynpintup (9,0+1,1 Jdg) gwén £ Ulu-h
Eywn-Nox-h wywnhdniejntuhg: Cun npnud Eyunn-Nox-h pwlwynipiniup W untwtGpopuhn-gnjugutint
wywnhyniejntup Shu-nd wyblh ywywu £ pwl Ulu-nwd: Lpqwd gnpdnlilbpp Ywnpnn Bu hwlgbgub)
rrYwsUWhU wupwywpwpjwénipjwl 2wpwpwhun-1 hhjuwunniejwl dwdwuwy: Uu-nud W dhu-nud
Eyunn-Nox-h b LLN-h owywnhlywywl Yudwl uwbynputnh dlp gnpsbwywunptu sh thnthnpuyned:

Wjuwhuny ULNL-U Nox-h hwdwp hwunhuwunwd £ npwtu Ynpwywnnp uniwytinopuhn nwnhywi-
Ubph gnugdwl gnpéplupwgenLd: IGwnwgnninuejwl wpryntpp Ywpblh £ oguiwgnpét) npwbtu
2wpwnwhun 1 inhwh hhjwunneejwu Unp whuinnpn2hg REun:
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Upynl — 1 inhwh pwpwpwfuuin —VUYPH-wwpnilwlynn hynwpninbht — Eyun-UUAPH opupnwq

The simple method for isolation and purification of ectosomes NADPH oxidase(ecto-Nox)
from cytoplasm of blood erythrocytes of patients of type 1diabetes (experimental group — EG) and
donor (control group — CG), as well as NADPH containing native lipoprotein (NCL) from blood
serum was elaborated for the first time. The specific content of NCL in the blood serum of CG is
2,45+0,03 mg/ml (p<0,05), and in EG — 3,50+0,02 (p<0,05) mg/ml.At insulin-depended diabete
the specific NADPH-depending O, -producing activity of ecto-Nox in EG lower than that in CG.
However, the specific ferriHb-reducing activity of ecto-Nox in EG lower than that in CG. The
forms of its optical absorption spectra in EG and CG practically did not differ. Thus, the NCL is a
cofactor for Noxin the process of generation of superoxide radicals.

Besides, the content and ferriHb reducing activity of ecto-Noxin EG is lower than that in
CG. These changes can initiate some oxygen starvation in the diabetes 1 type patients. The results
of this investigation can be used as new diagnostic tests for diabetes type 1 disease.

Blood- diabete type 1- NADPH-containing lipoprotein— ecto-NADPH oxidase

B cocraB UTO30JIA SPUTPOLUTOB BXOAAT 3KTOCOMBI — HAaHOYAaCTUIIbI, COACPIKaA-
e OeNKu U TeMOriIoOuH B OKpykeHuu (ochonunuanoro 6ucios. OHU yBETHYHBAIOT
YPOBEHb BHYTPUKIIETOUHOT'O KaJIbIIUS, SIBISIFOTCS (PAaKTOpaMU OKHCIMTEIBHOTO CTpecca U
CUUTaloTCa OMoMapkepamu 3aboseBaHus. B 1enom, cHikeHHe OuoreHe3a SKTOCOM pas-
JIUYHBIMU CPEACTBaMHU OKa3bIBaeT TeparneBTHyeckoe aercTBue [11]. OnHaKo 3KTOCOMBI
SPUTPOLIUTOB B PA3IMYHBIX CHTYALMAX MPOU3BOAAT IBOSAKMH 3(P(EKT: OHM MOAABISAIOT
[14] wim cTUMyTUPYIOT GYHKIMOHMPOBAHHE UMMYHHBIX KieTok [13]. DT HaHouacTH-
bl UTPAIOT MONOXKUTEIBHYIO POJb NPH MEPEHOCE OKCHIeMOINIOOMHOM MOJIEKYJISPHOIO
KHCJIOPO/a, YIJIEKHCIIOro ra3a U OKUCH a30Ta K Kietkam [9].

Bnepsble ¢ nCronb30BaHHEM SIBJICHUS HECTAOMIBHOTO KOMIUICKCOOOpa3OBaHU
mexay usopopmamu NADPH-okcuaaser (Nox) u deppuremornobutom (peppuHb) u3
ACCOLIMMPOBAHHBIX C TEMOITIOOMHOM HKTOCOM BBIIECNICHA CyMMapHas (Qpakuus TepMu-
HaIbHBIX U akTUBHBEIX n30hopM NoX (Nox1+Nox2) [2]. Kak u3BeCTHO,MIMMYHHBIE KIIET-
KA HEWTPamu3ylOT AaHTHUTEHbl CYINEPOKCHUIHBIMH paguKalaM{, HPOAYLHPYEMBIMH
Nox1+Nox2 B MeMOpaHax MMMYHHBIX KiieTok [7]. M3odopmer Nox semstorcs NADPH-
3aBUCUMBIMH CYNEPOKCUA-TIPONYLUPYIOMMME (epMEeHTaMH, a MIPUPOAHBIM HCTOYHHKOM
NADPH sagnserca nunonporenH Bbicokoil miotHoctu (HJIIT), xoTopslit mpoayimpyer
0, B npucytcTBuu HoHoB Fe' mm Cu*?[17]. IpuMensiemsie npu auabere 1 u 2 Tumaan-
THOKCHJIQHTBl CYIIECTBEHHO ITOJABISIOT PEIM3 TEPMUHAIBHBIX W aKTHBHBIX H30(opM
Nox1+Nox2 u3 6rnomemMOpaH, OKa3biBas TeM CaMbIM MEMOPAHOCTAOWIM3UPYIOLIHHA (-
¢exr [3]. M3odopmbr Nox U3 3pUTPOIMTAPHEIX MeMOpaH obmamaroT Takxke (eppuHb-
BOCCTAHABJIMBAIOIIEH AaKTUBHOCTHIO [5]. MexaHu3M B3aMMOIENCTBUS HATHBHOI'O
NADPH-conepxamero numnonporenaa (HJIIT) u 3kTo-NOXITUTO3055 SpUTPOIUTOB MPH
mrabere 1Tuma B HAaCTOsIIEe BpeMs HE BEISIBIICH.

Lenpto paGoOTHI SBISUTHCH BBIACICHAE M OYUCTKA U3 CHIBOPOTKH KPOBHU YeIOBEKa
HJIIIu 3xT0-NOX M3 LUTO30J151 SPUTPOLIUTOB TOHOPCKOW KPOBHU M KPOBH HALIUEHTOB MIPH
WHCYJIMH3aBUCUMOM JHabeTe, a TakXKe ONMpeIe/IeHNe YACIBHOI0 COIepKaHMs, CYIepOK-
cun-nipoxyrmpytomieii u deppuHb-BoccranasmmBaronieii akTnBHOCTH 5KTO-NOX TIO1
BimstareM HIIIT in vitro.
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Mamepuan u memoouxa.bplia UCIOIB30BaHA JOHOPCKAs KPOBb M KPOBb MAIMEHTOB IIPU
HMHCYIHH3aBHCHMOM JirabeTe (10 mIecTb Ipod 00BEMOM I10 5 MII, JaBHOCTH 3a00JIeBaHus 5-6 JIeT).
Jlist BBIIETICHUSI SPUTPOLMTOB M3 Ia3Mbl ObLT Mcronb3oBan Dextran-70 (“Loba Finchemie”, T'ep-
Manus). MoHoOOMeHHY0 XpomaTorpaduio 6elKoBbIX (BpaKLKil OCYIIECTBISIN HA KOJIOHKE C IIeJ-
mrono3oil DE-52,CM-52 (“Whatman”, Aurius) u cmonoit DEAE A-50 (“Pharmacia”-1Iserust).
lenpdunprpanuio GenkoBBIX (pakiuid mpoBoAwin Ha KoioHke ¢ cedanekcom G-100 (“Phar-
macia” — IIserws).

Buvioenenue u ouucmra H/IITuz cvieopomku kposu. OTreneHNe IU1a3Mbl KPOBH OT IpUT-
POLIMTOB TMPOBOMIIN € HCToNb3oBanueM 3% Dextran -70 x[la [1]. ®paxiuto HIII Beiaessig Me-
TOZIOM OCaXXJICHUSI U3 CBIBOPOTKU KpOBH [7] ¢ HeOombmmoi Moxudukarmeii — smecto FeCl; 6puta
ucrionb3oBana 0.1 M comnsHast kucnora. [ yaaneHus cienoB OEIKOBBIX MpUMecei BO (pakiyun
HJIIT mpumeHsTM MOHOOOMEHHYIO XpoMaTorpaduio, UCTonb3yst kKoinoHkn ¢ CM-52 n DE-52 n
cepanexkcom DEAE A-50, 3arem mnpoBommmu remsdmibTpanuio ¢ cedagekcom G-100 (mpm
pH 9,5).Tnst yaanenust ciemoB reMoraobrHa ocyrectisuin Gppakimonuposanue HIIT xiopodop-
MoM U 3tanonoM (1:9 06/06). Comobmmzarust HIITT B Bome nmpoucxommia mpu pH 9,5.

Buioenenue u ouucmra gpaxyuu 3xkmo-NOX uz yumonnazmur 3pumpoyumos. Ilocne
MIPOMBIBAHHSI SPUTPOLUTOB (HU3PACTBOPOM, UX TEMOJIM3a B BOJE M YHAICHHS SPUTPOLMTAPHBIX
MeMOpaH [3] HuTOomIa3sMy SpUTPOLUTOB MOABEPTaIN JUAIHU3Y IS OYMILEHHS OT coneil. Jlnanus3at
nenrpudyruposanu (14.000 X g, 15 MHH), MOTyIEHHBIH CylIepHATAHT HOIBEPTaId HOHOOOMEHHON
xpomarorpaduy, UCHoNB3ys KOJOHKY c uemtrono3oii DE-52 mns ynaneHus criemoB aHTHOK-
cuganToB: CuZn-CO/l, xarana3sl, a Takke APYrHX OSNKOBBIX MpHMeceil Kucimoro xapakrepa. Js
MOJHOTO YyAAJIEHHsl THX NPHUMeECei TNpolenypy OYHCTKH reMorioouHa mosropsuid. [lamee pH
pactBopa remorioouHa fooamiy a0 9,5 myrem nodasnenus 0,1M KOH. PactBop mHKyOHpoBanu
npu temneparype 37°C B TeueHue yaca. Ilocie HHKyOaLu pacTBOP BHOBB MOABEPrasid HOHOOO-
MEHHOH XpomaTorpaduu Ha konoHke ¢ 1esttono3oi DE-52. Iocne ynaneHust oca)IeHHOro reMo-
riobuHa 0,005M kanuit-¢pochataeiM 6ydepom, pH 7,4 (KDB), cymmapnyto pakuuio sxTo—NOX
(Nox1+Nox2) asmroupoBanu 0,2 M K®B (npu HEoGX0mMuMOCTH H30(POpMbI 3KTO-NOX OTACISIIN
rocJyie refib-QpUIBTpaliK Ha KOJIOHKe ¢ cedanexkcom G-100).

Onpedenenue cynepokcuo-npooyyupyiouieii GKmueHOCIMU CyMMAapHoll hpakyuu Ixmo-
Nox ¢ omcymcmeue u npucymcmeuu HIIII. Cynepoxcun (O, )-NPOAYLIHPYIOUIYIO AaKTUBHOCTh
9kT0-NOX B oTcyrcrBue u npucyrcersun HIIII rccaenoBanu ¢ moMOLIBIO aIpeHaIMHOBOrO METO/a,
ompeeNnsis KHHETUKY OKHCIICHHUS aJpeHaliHa B apeHoxpoM pu 500 HM I0J BIUSHHEM IIPOJY-
wupyembix O, [4]. 3a emunuiyy Oy -NpoayHUpPYOMEd aKTHBHOCTH HPHHUMAIH TO KOJIHYECTBO
9KkT0-NOX, KOTOpOE BBI3BIBACT MOBBIILECHHE IUNIOTHOCTH MAaKCUMAJIBHOTO IOTJIOLIEHUS aJlpeHOXPO-
Ma Ha 50%. Y ienbHyt0 akTHBHOCTb NpoayLupoBanus O,  BBIPaXaIH B €VMr 3KT0-NOX.

Onpeoenenue peppuHb-eoccmanasnusaroweii akmusnocmu sxmo-Nox. GeppuHb-Boc-
CTaHABJIMBAIOLIYI0 aKTHBHOCTH 9KTO-NOX ompenensuin  kuxeTndeckum Meromom[10]. TIpu stom
OIPENIEIIN KMHETUKY CHI)KCHHUS IUIOTHOCTH MaKCHMAJbHOIO ONTHYECKOro IOrjIoleHus dep-
puHb (o-mosnoca mornomenus mpu 560 HM) B Xone Boccranosienus ¢eppuHb no dpeppoHb non
BIUsiHUEM 3KTO-NOX. 32 eIUHUIY STOM aKTMBHOCTH MPUHUMAIH TO KOIHUYECTBO 3KTO-NOX, KOTO-
pOe BBI3BIBACT CHIDKEHHUE TUIOTHOCTH noriomenus GpeppuHb npu 560 um 10 0,2 ontuueckux eau-
nuip (oe). YaensHyro GeppruHb BoccranaBinBarolyro akTHBHOCTh BhIpaXkaiu B e/Mr NOX.

B xoze pabotbl 6bu1H Hcnonb3oBanbl criekrpodorometp “Hitachi-2000” (SInonust), nent-
pudyru K-24 u K-70 (“Janetzki”, Tepmanust). CriekTpbl (1yopeCeHIMH PETHCTPUPOBAIIH HA TIPH-
6ope “Perkin Elmer” (CHIA). Cratuctudeckyro 00pabOTKy MOJY4EeHHBIX Pe3yJIbTaTOB OCYIIECTB-
JISUTA METOJIOM BapHallMoOHHOW cratuctuku CrhrogeHta-Puiiepa, ¢ onpeaeaeHueM KpUTepus 10c-
TOBEPHOCTH “P” (YHCIIO MPOBOIUMBIX OIBITOB — 6).

Pesynomamot u o0o6cysycoenue. l11ony4eHHbI COTJACHO ONHUCAHHOW METOJUKE
HJIIT u3 CHIBOPOTKH JOHOPCKOM KpoBH (KOHTpOJbHast Tpymia —KI') 1 CBIBOPOTKH KPOBH
ManMeHToB, 6oMbHBIX anaberom 1 Tuma (omerTHas rpymma —OI'), wMmeer caaboe morio-
nierne mpu 430 HM B BUIHMO# obactr criektpa (puc.1).

B pesynbraTte ounictku onTmdeckuii crektpanbHbiii mHAeKC HIIT (Agg0/A4gsp) O
u KT cocrasmsier 8-8,2, 4TO CBHIETENBCTBYET O YMCTOTE 3TOTO JIMIONPOTerHa [5].
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430 HM 700

Puc.1. Onruyeckuii criektp nornomenus HJII u3 cereopotku KT (1) u OI (2). O6seM pacTBOpa
HUJIII, BermenenHoro u3 3 mit ceiBopotke, B KI' — 4 mut, a 8 OI' — 5 mu (p<0,05, n=6,).

VYnensHoe comepkanue HJIII B ceiBopotke KI' cocraBmser 2,45+0,03 mr/mu
(p<0,05), a B OI' — 3,50+0,02 (p<0,05)mr/mJ1.

NADPH B cocraBe HJIIT BoccTaHaBIMBaeT epMaHraHaT Kaiusi 1 HUTPOTETPa3o-
JIMCBBIA CHUHHM, MPENOTBpAIacT OKHCICHHE aapeHannHa B azpeHoxpoM. CopepikaHue
NADPH B HJIII B KI" 60mb11e Ha 15-16%, yem B OI'. Omuccuonnsnii nuk HJII B KI™ u
OTI nosBasiercst npu 430 HM ¢ arHON Bo30yxkaeHus 370 HM (puc.2).

F

60 - \

340 430 wm 520

Puc.2.Crexrp puyopecuenuuu rpymnnsl NADPH B cocrase HJIIT 13 CHIBOPOTKH JOHOPCKOM
kpoBH (1) 1 CBIBOPOTKU KpOBH ManueHToB ¢ quaderom 1 tuna (2). Konuenrpamus HIIIT 8 KT
u OT 1o 4 mr/mi (p<0.05, n=6). F- ¢uyopecuieHIMs B OTHOCUTENBHBIX ¢THHHIAX.

VYaensHoe comepkanue 3kto-N0OX B KI' B 2 paza Brimie, yem B OI'. @opmbl onTu-
yeckoro cnekTpa mornomeHns SkTo-NoxB KI' u OI' mpaktuueckn He pazmudarorcs. B
OKHCIICHHOM COCTOSTHMU ontudeckue crekTpsl y 9kTo-NOX B KI' u OI' umeroT xapaxrep-
Hble MaKCHMaJbHBIE ONTHYECKHE ITOTJIOMIEHNUS, aHAJOTHYHbIE TEPMHUHAIBHBIM H30(op-
MaMm Nox1+Nox2 u3 spuTponuTapHeIX MeMOpaH JOHOpcKoi kKpoBu: 560 M, 530 HM U
412 uM, KakK 3TO IOKa3aHO Ha puc.3.

Onpenenennas npuBeneHHBIM MetonoM yaenbHass NADPH-3asucumas O, -mipo-
nyuupytomas aktuBHocTh 3kT0-NOX B KI' cocrasnser 20,1+ 2,1 en/mr, a B OI -
19,7+1,6 (p<0,05, n=6). DTO CBHIETEIHCTBYET O TOM, 4TO N0 cpaBHeHuio ¢ KI' mpwm
nHCynrH3aBucUMoM anabere NADPH-3zasucumas O, -mpomyrmipyromasi aKTHBHOCTB
9kT0-NOX mpakTrdecku He Mensiercst. OnHako yaenbHas heppruHb-BoccTanarmmBaromast
akTUBHOCTH 3KTO-Nox B OI' (9,0+1,1 en/mr) Heckombko Hmke, dem B KI' (11,2420
en/mr, p<0,05, n=6).

Briepsrie moka3zaH mporecc aktuBamy SKTo-NOX, BeineneHHsM HIIII cerBopor-
K# KpoBw, Ui nipoaymmpoBanus O, 3a cuer 3nmektpoHaNADPH B cocTaBe 3TOTO JTHTIO-
MpOTeHHA.JTHUM ITyTeM aKTHBHPOBAHWE B TOMOTEHHOW (aze 3kT0-NOX ¢ IMOMOIIBI0
HJIIT B KT Ha 15-16% 6ombire, gvem B8 OT'(p<0,05).
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0.4

—

N W NN HM
D

Puc.3.0nTuueckuii CieKTp MOromeH st 5kT0-NOX 13 IIATO30515 SpUTPOLUTOB TOHOPCKOMH
kpoBH (1) 1 kpoBu narrienToB npu auabere 1 tuma (2). O6veM pacTBopoB 3kT0-NOX,
BBIJICICHHBIX U3 2 MJI 3pHTPOLUTOB,coctasisier 5 mi (p<0,05, n=6).ITocrne
BOCCT@HOBJICHHUS TUTHOHUTOM HaTpPUsI MOSBIISIETCS XapaKTepHas o-1ojioca mpu 558 HM.

OTH AaHHBIE MOJYYEHBI C HCIONb30BAHHEM IPOLECCa OKHUCIEHUS aJpeHarHa
non BiusHUeM 3KTo-NOX KI' u OI' B orcyrcrBue u mpucyrctsuun HIIIT KI' u Or.
Otaensao HJIIIT obnagaeT TOABKO BOCCTAHOBMTEILHBIMH CBOMCTBAMH M IIOJABIISET
OKHCJICHHE aJpeHaIiHa B aApEHOXPOM. DKTO-NOX MPaKTHUECKH HE BIUSET Ha IMpoIecc
okucieHus aapeHanuHa. OgHako B pesynbrate coBmectHoro neictsus HIIII u skro-
Nox B KI' u OI' mpoucxoaur pe3koe yBeIHUEHHE CKOPOCTH OKHCICHHS aJpeHaMHA B
aapeHoxpoM(puc. 4).

0,6
Asgo

0,4

0,2

2 MuH
Puc.4.Kusernyeckue KpuBble OKHCIICHHs aapenanisa (6.10M) B anperoxpom npu 500 HM
niox BimstaueM:HJIIT (0,3 mr/mu) u axTo-NoX (0,4 mr/min) B mpucyrcrBui 1,5. 10°M Cu,zn-cOoJi
(1); HJIII (2); B orcyrcrBuun 5kto-Nox, HJIIT u COJT (3); B mpucyrcTBuu 3k10-NOX (4),mmo1
prustaueM HIITT+ sxro-Nox (5).O0beMm peakunonHoi cmecu cocraiseT 4 mi (p<0,05, n=6).

KakoBbI MeXaHU3MBbI PEICTABICHHBIX H3MEHEHUH?

1. DBxrocomsr accoruupyroTcs ¢ GeppuHb, a sxro-NOX OTIIEIIsSEeTcst 0T HKTOCOM
TOIBKO Tocie nHKyOammn ¢ heppuHb mpu pH 9,5 i Temmeparype 37°C B Teuenne yaca.
B 3THX ycnOBHSX MOBBIIASTCS JIUMUIHAS TEPOKCHIALUSA MEeMOpaH SKTocoM ¢ oOpa3zo-
BaHWEM HecTaOMIbHOrO KoMrutekca (eppruHb ¢ mokamm3oBaHHBIM B MeMOpaHax 3KTO-
Nox (Nox1+Nox2). ITocneaauii IepeXoIuT U3 TETEPOreHHOM (ha3hl B TOMOTEHHYIO.

[Nocne Takoit MHKyOAIMy reMOrJIO0NHA ONPEAEIICHHAS €T0 YaCTh OCAXKAASTCs HA KO-
JIOHKe ¢ meutono3oii JIE-52, o6pasys HectabwibHbIN kKomIuteke GeppuHb ¢ sxro-NoX,
KOTOPBIH ABIIAETCS TEMOIPOTENHOM KHCIIOTO Xapakrepa. bes mukyoarmu dpeppuHb He
OCaK/JaeTcs Ha KOJIOHKEe ¢ nemtrono3oit DE-52, sBnsiercs reMOonpoTeMHOM OCHOBHOTO
xapakTepa M ocakaaercs Ha meumono3e KM-52. Takum o0pa3oM, SKTOCOMBI aCCOIIMH-
poBaHsl ¢ Moiekyioi dheppuHb u 3a cuer nmokanuzoBanHO# 3kT0-NOX OKa3bIBAIOT
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¢beppuHb-BoccTaHaBIMBAIOIIYI0 AKTHBHOCTh, CIIOCOOCTBYSI MEPEHOCY K KIIETKAM, BOC-
CTQHOBJICHHBIM T'€MOIJIOOMHOM (OKCH-T€MOTJIOOMHOM), MOJIEKYJISIPHOTO KHCIIOpPOAA,
okucu azora u CO,. [Ipuuem, peppuHb-BoccranaBauBaromias aktTuBHOCTH 5KT0-NOX B
OI' u KI' mpakruyeckn onunHakoBa. Takum obOpasom, B OI' B kadecTBe HOBOTO
MATOTEHETHYECKOr0 MEXaHM3Ma MOXKHO CUYMTATh CYHIECTBEHHOE IOHIKEHHE (B 2 pa3a)
YPOBHSI APUTPOLMTAPHBIX 3KTO0-NOX, acCOMUpPOBaHHBIX ¢ reMoriioOMHoM. C Apyroi
CTOpPOHBI, NPOHWKHOBEHHE TIIIOKO3Bl 4Yepe3 MeMOpaHy B LHUTOIUIa3My 3PUTPOLMTOB
yCUIIMBaeTCsl MpH Auadere | THINA, 9TO NPUBOAMT K TIIMKO3WIMPOBAHHIO TeMOrIOOMHA
[12, 15, 16, 20]. [TounxeHne ypoBHS aCCOLMHPOBAHHBIX ¢ TeMOTIIOONHOM 3KTocoM B OI'
MOXET OBITh CBSI3aHO C TIIMKOJIM3AIMeil reMoriioOMHa B TEX y4acTKax, INe JIOJDKHBI
aCCOLIMMPOBATHCS IKTOCOMBL. DTO MOXKET IPUBECTH K HEKOTOPOMY KHCIIOPOJIHOMY
ronoganuio B OI[6]. MoxHO mpearnonarath, 4T0 BBEICHHAs SK30reHHas 3KTo-NOX
MOKET KOMIICHCUPOBATh YPOBEHb HIOTEHHON 3KTO-NOX B LUTOIIIa3Me 3PUTPOLMTOB,
OKasblBas IOJOKUTENbHBIH 3d¢dexkt mnpu guadere 1 Tuma. Bo3MokHOCTH
NPOHUKHOBEHUST 3KTO-NOX uepe3 MeMOpaHbl SPUTPOIMTOB W aACCOLMHUPOBAaHHE C
FCMOFJ'IO6I/IHOM npu Lma6eTe 1 Tuma ne HCKIIIOYACTCsl, YTO CBSA3AHO C YBCINYCHUEM
NPOHUIIAEMOCTH (TEKYYECTH) OPUTPOLMTAPHBIX MeMOpaH Ha (OHE TOBBIILICHUS
JIUMUIHON TIepOoKcHIanuu 3TuX MeMOpaH [19]. OOBEKTUBHOCTD ATOTO MPEATON0KEHHS
TpeOyeT NalbHEeHIINX UCCIIEIOBaHMUI.

2. Cynepokcua-npoayuupyomasi aktiBHOCTh 9kT0-NOX HJIIT u3 chiBOpoTKH
kpoBu B KI' Heckomnbko Bbimie (Ha 12-15%), yem B OI'. Bo3M0OXHO, 3TO CBSI3aHO C HEKO-
TopeiM noHKeHneM ypoBHI NADPH B coctaBe HatuBHOro HJIII 3 chIBOpOTKH KpOBH
OI'. ®axruuecku,cBa3annas ¢ HIIII NADPH sBnsercs HCTOYHUKOM 3JIEKTPOHA IS TIe-
penoca cymmapuoi (paxuueii 3kTo-N0oX1+NOX2 k MOJEKYISIPHOMY KHCIOPOIY JJIsl €ro
OZHOAJICKTPOHHOT O BOCCTAHOBJIEHH 1 00pa3oBanus O, . C Apyroi CTOpOHBI, yIeIbHOE
conepxanue HJIII B ceiBopotke B OI' u KI' mpaktrdeckn oguHakoBoe. AKTUBHPOBAHKE
HJIIT sxTo-NOX, kak (akTop MOBBINICHHS MPOLIECCa OKUCIICHHS aJpeHAIMHA B aJIpeHO-
XPOM, TPOUCXOIUT B TOMOTEHHOH (ase in Vitro. Bo3aMoxHO, 3TOT Mpomecc MOXKHO GBLTO
ObI cuMTATh (PU3HOIIOTMYECKUM, €CIIM Obl OH MPOUCXOIUI B TeTepOreHHoi (aze — B 6uo-
MeMOpaHax, rae jJokaiam3oBaHel NOX, Bkimrodas 3kTo-NOX. i BBIABICHHS OOBEKTHUB-
HOCTH 3TOTO MPEATION0KEHUS HEOOXOIUMO POBECTH JOTIOTHUTENbHbBIE HCCISJOBAHUS.

O0600m1as BbIIEIPUBEICHHBIE TaHHBIE, MOXKHO CHENaTh CIEAYIOIIHEe 3aKIo-
genns: 1. NADPH conepxammii HIIIT siBistiercst aktuBatopoM (KOhakTopom) st 3KTO-
Nox mmrozons spurpouutoB. 2.Boccranomenne ¢eppuHb mpoucxomut 6maromaps
9KT0-NOX, JIOKQJIU30BaHHOH, CKOpee BCEro,Ha MOBEPXHOCTHBIX Y4acTKaX MeMOpaH 3THX
Hanovactuil. 3. Komrurekcoobpasosanue dheppuHb mpoucxomur u ¢ usopopmamu 3xto-
NOX, moKaII30BaHHBIMH B MEMOpaHHBIX 00pa30oBaHusIX 3KTocoM. 4. CyIIecTBeHHOE T0-
HIDKEHHE COJEP KHUS AKTO-NOX LUTO30JI 3PUTPOLMTOB,HA HAIll B3TJIAJ, MOXKET OBITh
SIBIISIETCST ~ HOBBIM W UYBCTBHTENBHBIM  JHArHOCTUYECKHMM  TECTOM  IIPH
MHCYJIHH3aBUCUMOM auadere.
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HEKOTOPBIE 3KOJIOI'MYECKHUE ACIIEKTbBI IPUMEHEHUSA
I'EPBULIMJA MUYPA HA IOCEBAX MOPKOBHA

AL BAJIASAH, I'.JI. TEPJIEME3SH, C.M. CAPKUCAH

Hayunwiti yenmp anaisa u oyeHku puckos 8 cgpepe 6e30nacHocmu NUuesbix nPOOyKnos
hlt_arm@yahoo.com

W3ydena nquHaMuKa JETOKCHKAIMH repounpaa muypa B no3zax 0,8 u 1,2 n/ra B IUCTHIX,
KOPHEIUIO/IaX MOPKOBH U TTOYBE.

YcTaHOBIIEHO, YTO “CPOK OXKHMIaHUA~ Ipernapara cocTaBiseT 15 maHei, mocie KoToporo oH
HE TIPEJICTaBIsIeT OMAaCHOCTH JUIS 370POBbs HAaceJIeHHs M OKpy»Karomiei cpenpl. A mosza 1,2 n/ra
CIOCOOCTBYET YIY4YIICHHIO OCHOBHBIX OMOXMMHUYECKUX TOKa3aTesel yp oxasl.

Tepbuyuo — demoxcukayusi — MOPKO8b — GUOXUMUYECKUE NOKA3AMeNU

NcunwUwuhpyb) £ hGpphghn vhnpwh 0,8 W 1,2 /hw swithwpwUuwyutph pntbwgnydwu nh-
LUwuhywl gwqunh nbplluGpnud, wpdwnwwnninutpnd W hnnnd:

Swuwnwinyt £, np wywwpwuwnniyh «uywudwu dwdytnpy» Juaquned £ 15 on, nphg hGwnn wju
Junwlg sh Ubpyuywguncd puwysniejwl wenngniejwl W oppwyw Uhpwdwynh hwdwn: buy 1,2 /hw
swithwpwlwyp Uwwuwnnwd £ pEpph hhduwywu YEuuwephvhwywu gnigwuhpubph jwywgdwlp:

3tnphghn — pntuwgnpynid — ququin — YELuwpehuhwlwl gnigwuppubn

The dynamics of detoxication of herbicide miura in the cases 0.8 and 1.2 I/ha dosages in
carrot leaves, root-crops and in soil has been studied.

It was revealed, that the “waiting period” for miura is 15 days, after which it isn’t
dangerous for people’s health and for the environment. The dosage 1.2 I/ha helps to improve the
main biochemical indices of carrot crop.

Herbicide — detoxication — carrot — biochemical indices

3aCOpeHHOCTb MO ITOJABIISIET POCT M PA3BUTHE CENIbCKOXO3AHCTBEHHBIX pacTe-
HHH, YTO MPUBOAUT K MOJYYESHHIO HU3KOTO M HEMOIHOLEHHOro ypoxkas. s cokpare-
HUS €ro HOTepb B HACTOSIIEE BpeMs Lelecoo0pa3HO BMECTO M3HYPHTEIBHON PYYHOH
MIPOTIOJIKY PUMEHEHHE XUMUIECKUX Tpenapatos [2, 3, 5]. Ongrako mocnenaue o0ama-
FOT OMONIOTHYECKOW aKTUBHOCTHIO, IMIO3TOMY, IIOMUMO ydeTa uxX 3((eKTUBHOCTH, HEOO-
XOIUMO 0c000€ BHUMAaHHE YICIATh MPEIOTBPAIICHHIO BO3MOXKHBIX HETaTMBHBIX MOC-
JIEJICTBUN MX UCIOJIb30BaHUS.

['epOuIMABI HOBOTO OKOIEHHMS IPU COOIIOICHUH PeriaMeHTalui, HOpM pacxofa
U CPOKOB 00pabOTKH JINIIAFOTCS TOKCHYSCKHX CBOMCTB B TCUCHHUE BEreTAIMH KYJIbTYp H
K Iepuoay cOopa ypoxkast OOBIYHO HE MPEICTABISIIOT OMIACHOCTH JUIS 3I0pPOBbsl HaceJe-
Hus. TeM He MeHee, YYUTBIBas TO, YTO Ha CKOPOCTh UX Pas3lioKEHHUs BIMAET psn (akTo-
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HEKOTOPBIE 5KOJIOTUMYECKHUE ACITEK ThI ITPUMEHEHMS M'EPBULIJIA MUYPA HA TIOCEBAX MOPKOBH

POB, B TOM YHCJIE THII IIperapaTa, HOPMBI €0 pacxojia, CPOKU IPUMEHEHUS, BU U COp-
TOBBbIE OCOOEHHOCTH 3aIIUIAEMOI'0 PACTEHUS, COTHEYHBIE JTy4YH, TeMIlepaTypa BO3/1yXa,
0COOEHHOCTH TOYBHI (BeM4ynHa pH, BIaXXKHOCTB, COAepKaHKUE TYMYyca) U aKTUBHOCTh €€
Mukpodiopsr [1, 7-11], o4eHb Ba)KHO BECTHM KOHTPOJb 3a CONIEPKAHUEM OCTAaTKOB Tep-
OUIMIOB B CEITLCKOXO3SIMCTBEHHBIX MPOAYKTaX U YTOUHEHHE «CPOKOB OXKHAAHHSD» UX B
KOHKPETHBIX arpo-KIIMMaTHYECKUX YCIIOBHSIX.

B Hacrosiiee Bpems B peciryOnrKe NPOTHB COPHSKOB Ha IOCEBaX MOPKOBH OfI-
HHMM M3 PEKOMEHJIyeMbIX MpernapaToB sBisiercs muypa (12,5 % k.».), nedcTByroliee Be-
HIeCTBO KoToporo xmzanodor-m-3tui, (R) 2 [4-(6 XIOpXHMHOKCATHHII-2-0KCH) (DEHOK-
CH| NPONMOHOBOH KHMCIIOTHI 3TWIIOBHIH 3¢up. [Ipeanaraemas ero 1o3a NpoTHB OHOJIET-
HHUX COPHAKOB cocTapiisieT 0,8 ji/ra, a MpOTHB MHOTOJETHUX — 1,2 ji/ra.

YuuThIBas BBINIEHU3IOKEHHOE, U TO, YTO, NIPOHUKAs B 3allMIIaeMble PacTeHUs,
repOUNUA, B CHITy CBOEH OMOJIOrMYeCKOl aKTHBHOCTH, MOXKET BbI3BIBATH U3MEHEHHUS U B
UX OOMEHE BEIeCTB, B 3aJla4y HAIlIMX MCCIIEI0OBAHUI BXOANIIO HCCIIEI0BAaHUE IMHAMUKH
JICTOKCUKAIIMHU 3TOro repouiuaa (B 00erx /103ax) Kak B paCTEHHSX MOPKOBH, TaK M MOY-
BE, a TAK)KE N3yUCHUE BIMSHUS YKa3aHHBIX 703 Ha OCHOBHBIE KaYECTBEHHBIE TOKA3aTeNN
MOJY4EHHOTI'0 YpOXKas.

Mamepuan u memoouxa.OnbiTHl Ha TOCceBaxXx MoOpkoBHU copra Hanrec ([anust) Obuin
nocrasieHsl B 2018-2019 rr. B o6mune Ersapa Koraiikckoro Map3a B 3-X MOBTOPHOCTSX (Kak1ast
miomansio 50 M%) mo crexyomeit cxeme: 1) KOHTPONb (pydHas NPOIONKA), 2) MHYpa B 03¢
0,8n/ra, 3) muypa - 1,21/ra.

Pacxon paboueii sxunxoctu cocraui 500 s/ra.

INouBa yyacTKa CyriaMHHCTasA, CBETJIO-KAIITaHOBA.

OnpeIcKUBaHKE TepOMLKIOM IPOBOAMWIIOCH IOCIE BCXOJOB KYNIBTYPHl IIPH BBICOTE
copusikoB 110 10 cm. Cryerst 1 4 mocne oOpaOOTKH OBUTH B3STHI JUISl aHAJIM30B MPOOBI OOTBEI
MOpPKOBH M TOYBHI, a B JanbHeiimeM (uepe3 15, 30, 60 mHeil mocie ONPBICKMBaHHS), TOMHUMO
YKa3aHHBIX, €IIe U MPOObI KOPHEIIIOI0B MOPKOBH.

OcTaTouHble KOJIMYECTBA MUYPbI ONPENEIUINCH 110 METOY, pa3paboTaHHOMY YIIaKOBOH
u Tynynosoii [4].

ConepxxaHue KapoTHHA ONpeAessuiock Kojaopumerpuuecku [6], ButamuHa C — 1o Merony
Myppu [6], caxapoB — beprpana [6], cyxoe BemecTBO — BECOBBIM METOJIOM.

Pezynomamol u 06cyncoenue.Pe3ynbTaTel UCCICIOBAaHUN TUHAMUKHU JETOKCHKA-
LUK MCIIBITAHHOTO I'epOUIH/Ia MOKA3bIBAIOT, YTO OCTATOYHBIC KOJIUYECTBA ero, 00Hapy-
eHHble Yepe3 1 1 mocine onpbickuBanus (T.e. B 0-0if AeHb), B NaybHElIIeM NOABepra-
I0TCSI IHTEHCUBHOMY pasiiokeHuto (Tabn. 1) u yxe yepe3 15 nueit npu nose 0,811/ra He
O00HapY)KUBAIOTCSI HU B OOTBE, HU B KOPHEIUIO/aX MOPKOBH M HH B TIOYBE, a MPHU J103€
1,251/ra pukcupyrorcs B ee 00TBE U KOPHEIUIOAAX JIHIIb B BUAE CJIE0B, UCUE3AIONINX B
TEUYEHHUE MOCTeAYIOMmuX 15-T nHei.

Ilo naHHBIM Hay4HOM JIMTEPATYpbI, IPUBEACHHON BBIIIE, B IIOYBE JETOKCUKALIUS
repOUITIOB UIET, B OCHOBHOM, MHKPOOHOIOTHIECKAM ITyTEM, a B PACTCHUAX — XIMH-
4yeckuM (C ydactueM (epMEHTOB). Y CKOPEHHIO 3TOr0 MpOIlecca CIOCOOCTBYIOT TaKkKe
peryaspHBIE TIOIUBEI U JOXKIH.

Pe3ynbTaThl OMOXMMIYECKUX aHAJIM30B, MPOBEICHHBIX CIYCTS 2 MecsIa Iocie
OIPBICKUBAHMSA, TIOKA3BIBAIOT, YTO MHIIEBAs [IEHHOCTH KOPHEIUIOAOB MOPKOBH PH TIPH-
MEHEHHH HCTIBITAHHOTO TpenapaTa He CHIKaercs. boiee TOoro, OH OKa3pIBaeT CTHUMYIIH-
pyrolee IeiCTBHE HA COMEpKaHWE psiia KaueCTBEHHBIX IOKa3aTelie, 0cOOEHHO B Ba-
puanTe ¢ mo3oit 1,2 n/ra, rae comepikaHUe CyXOro BEIIecTBa MOBBIMIACTCS, 0 CpaBHE-
HUIO C KOHTponeM, Ha 3,2 %, KapoTHHA, Ba)KHBIM HCTOYHUKOM KOTOPOTO ABISIETCS TaH-
Has KyneTypa, — moutn Ha 0,8 mr/%, Butamuaa C — Ha 0,9 M1/%, W, HE3HAYUTEIHHO,
MoHocaxapunoB — Ha 0,3 % (Tabm. 2).
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Tadmuna 1. [luHamMuKa IeTOKCHKAIIMY MUYPHI B MOPKOBH U ITOYBE (B MI/KT)

O0bexT

B'dpMaH'l'bl onplTa

Jlnu nocie ONPBICKHBAHHSA

HCCIEI0BAHHH 0 15 30
Kourtpoins H/0 H/0 H/0

[Tousa Mpuypa 0,871/ra 0,10 H/0 H/0
Muypa 1,2n/ra 0,14 H/o H/0

Konrposun H/o0 H/o H/o

borsa Muypa 0,81/ra 0,25 H/o H/0
Muypa 1,21/ra 0,40 cl. H/o

Kontpoan - H/0 H/0

Kopuennoasi Muypa 0,81/ra - H/o H/o
Muypa 1,251/ra - cil. H/o

IIpumeuanue: 1/o — He 0OGHAPYXKEHO, CII.- CIEABI,

«

— — HCCIIENOBAHUE HE ITPOBOANUIIOCE.

Taﬁmma 2. Biausaue MUYpPBI Ha OCHOBHBIC OHOXMMHYECKHE MMOKa3aTeIn MOPKOBU

BapuanTsi Cyxoe Kapotun, Buramun C, Caxapa, %
OnbITa BEIECTBO,% Mr% Mr% MOHOCaxapupl | CaXaposa
Kourposs 16,46 1,48 6,14 5,0 4.8
Muypa
0.8u/ra 17,76 1,52 6,32 5,0 4.8
Muypa
19,70 2,26 7,04 53 4,6
1,2n/ra

0060011125 MOTyYeHHbIE PE3yAbTAThI, MOXKEM KOHCTaTHPOBATh, YTO MUYpa, IPHMe-
HsieMas IIPOTHB COPHSIKOB Ha ITOCEBAX MOPKOBHU B YKa3aHHBIX J103aX U CPOKaX, yXKe CIIyc-
Ts 15 fqHelt mocie ONMpbICKUBAaHMS CTAHOBUTCS OE30MACHOW ISl 3/I0POBbsI HACEICHUS U
OKpYKarollei cpensl, a mpu xo3e 1,21/ra crioco0CTBYeT YIyUIIeHHIO OCHOBHBIX KayecT-
BEHHBIX [TOKAa3aTeNen ypoxKasl.
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B/IMAAHUE AHTUT'MIIOKCAHTA HA BUOXUMUYECKHUE IMTPOLECCHI U
OBHIEE ®U3NOJOI'NYECKOE COCTOAHUE OPTAHU3MA B YCJIOBUSAX
I'MIMOKCHYECKOI'O CTPECCA

M.A. KAPATIETSIH , M.A. BAJIAJISIH?, H.IO. ATAMSIH '

Epesanckuii cocynueepcumem, 6uonozuieckuii paxynvmem
! kagpedpa (uzuonozuu uenosexa u rcugomubix,
2 kagpedpa GuoxuMUL, MUKPOBUONO2UL U GUOMEXHOTO2UL
nona01011966@mail.ru

W3yuanoce BIMSHHE OCTPOrO TUIIOKCHMYECKOTO CTpecca Ha IPOLIECCHl MEPEKHCHOTO
oxucnennst unuaoB (ITOJI) B Mo3re u nedyeHy, a Takke odiee GyHKIIMOHAIBHOE COCTOSIHHE Op-
raHu3Ma, IOKa3aTelleM KOTOPOrO SIBIISIETCS ONpPEAETCeHHBIH CHI'Hal, OSCKOHTAKTHO PErHCTPH-
pyeMBIli Ha TOBEPXHOCTH Tejla J>KMBOTHOTO CHEUHATBHO pa3pabOTaHHBIM YCTPOMCTBOM —
OUOCKOIIOM.

B HaponHoOll MequIMHE NMPUMEHSAETCS MHOXECTBO JIEKapCTBEHHBIX pacTeHHMil, obiangaro-
IIMX AHTUTMIIOKCHYECKUMHU CBOMCTBAMH, K YHCITYy KOTOPBIX OTHOCHTCS OOSpBIIIHUK. OIBITHI TOKa-
3aJI1, 4TO 100ABJICHNE B PALlOH XXMBOTHBIX LIBETKOB OOApBIIHMKA B TeueHue 10 xHel npuBoauT
K CHW)KCHHIO YPOBHS HEPEKHCHOIO OKHUCICHHS JIMIUIO0B M HUBEIMPYET OOYCIIOBICHHBIE OCTPOH
THIIOKCHEH cABUrH 0011ero ()yHKIIMOHAIBHOTO COCTOSIHUS OpraHu3Ma, O0CIadiIss Takke ee rmocie-
JelcTBHE.

Tunoxcuueckuii cmpecc — aHmu2unOKCanm — nepeKucHoe OKUucleHue AUNUOOB —
(i)u3u0]l02u'-l€CKO€ COCMOsIHUe OpeaHusma

NuntdUwuhnyby £ unip prywsdlwpwngh wanbgnientup dwpwbph gbpopuhnwgdwu gnpd-
pUpwgltph dpw nintnnud, pwpnnud W bwl opqwuhquh punhwunip $ncuyghnuwy yhdwyp, nph
gnighgn hwwnny uwpgh* phnuynwh dhengnd dwnuuh Jwytpbuhg gpwugynn wgnwlwul E:

dnnndpnwywl pdoyniejwl Ut 2Uswnwywl hhywunnipintlubph dwdwuwy npwtu hwyw-
hhwopuhy pnidwuhgng Yhpwndnd Bu pwquwrehy nbnwpnyubp: UGp hGnwgnuninceniunid og-
nwagnpdt) Bup windtunt dwnhlubpp' npmwyh swihwpwdund wybjwgubind  ulunwywpghl: 3G6-
tnwagnuinejwl wpnjntupnd wwpqytg, np 10 on hGwin Uywwdnwl £ dwpwbph gGpopuhnwgdwl
dwywpnwyh udwgnud, hUusgwybu Uwl unip prywdlwpwngny wwdwlwynpyws' opgwuhquh
punhwuntp $nuyghnuwy yhdwyh 26ndwl pnnynid b npw hGlnwgnbgniejwu bwantd:

3hwopuhuw— hwlywhhwopuhly pnidwidheng— dwnpwbtinh gtnopupnwgnLd- opnquuhquh
bhahninghwlwl Yhswy

The aim of this study was the investigate the influence of acute hypoxic stress on the
intensity of process of peroxide oxydation of lipids (POL) in the brain, liver, as well as the general
functional state of organism. The indicator of functional state is organism’s integrative signal,
registered on the surface of rats body by use of apparatus complex “Bioscope”. The folk medicine
recommends medicinal herbs with antihypoxic properties for the respiratory system diseases. One
of these herbs is Crataeguslaevigata (Fam.Rosaceae). The experiment results suggest that after
using for 10 days flowers of Crataeguslaevigata organism’s stability is increased. The intensity of
the process peroxide oxydation of lipids is decreased and effect of hypoxic stress and its post
effect is inhibited.

Hypoxia —antihypoxic properties — peroxide oxydation of lipids — general functional state
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BJIMSAHUE AHTUT'MTIOKCAHTA HA BUOXNUMUYECKHE ITPOLECCHI 1 HA OBILIEE ®HU3HUOJIOT'MYECKOE COCTOSHHUE...

KucnopoaHast HEJOCTaTOYHOCTH SIBJISIETCS OJTHMM M3 PaclpoCTpaHEHHBIX HeOa-
TONPUSTHBIX 3KOJIOTMYECKUX (DaKTOpOB OKpYKarolle cpensl. B cooTBercTBHM C map-
LMaJIbHBIM JaBJIEHHEM KHCIOpPOJa B Cpelle MEHSIETCS HalpsKeHNe KUCIOpOoAa U B KPOBH,
MIPUBOJIIIEE K HAPYIIEHHIO YHEPTETUYECKOTro TIpOIiecca B TKAHSX, Pa3BUBACTCS JHJIO-
TeHHasi TUTIOKCHA. VI3BEeCTHO, 4TO NPH OCTPOH M XPOHMYECKOH HEIOCTaTOYHOCTH Cep-
JICYHO-COCYIMCTON M IBIXaTENbHOW CHCTEM pa3BUBAETCS TAaKKE JHIOTCHHAs THIIOK-
cusa[3, 4, 13]. D10 BBI3BIBAET BHYTPUKIETOYHBIN OKCUJATUBHBIN CTpECC, YCHUINBAIOIIMI
CBOOOHOPATUKAIBHBIC MPOIECChl TepeKUCHOro okucienus nununos (ITOJI) [6].
st nedennsi, NpoMIIAKTHKA U MOBBIIICHUs a/lalTal[MOHHOTO MOTEHIMajla OpraHu3Ma
HapojHas MEJMIHA PEKOMEH/AYET MCIIOJIb30BaHHE MHOXKECTBA JIEKAPCTBEHHBIX pacTe-
HUH, 00JIaIal0IUX AHTUTUIIOKCHYECKHMMHU CBOMCTBAMHM, K YUCIY KOTOPBIX OTHOCHTCS
OOSIPBILITHUK.

OnHako B JUTEpaType Majo CBEICHHH, KacaloIIUXCsl BIMSHUS THIIOKCUHM Ha 00-
miee (U3MOJIOTMYECKOe COCTOSIHUE OpPraHW3Ma W TMOBBIIMICHHS aJlaNTallMOHHOTO MOTEH-
[Maja ¢ MOMOIIbIO JIEKAPCTBEHHBIX PACTEHUI C aHTUTUNIOKCUYECKMMU CBOWCTBaMu. To
e caMoe Kacaercsi OMOXUMHYECKUX U OMO()HU3NIECKIX MEXaHU3MOB JICHCTBUS JIEKapCT-
BEHHBIX PACTCHHI Ha OPraHU3M 4YeloBeKa.

33]13.‘-13. JAaHHOI'O HCCJIEJOBAaHHA BBbIIBUTH MEXAaHHU3MBbI AHTUTUIIOKCHUYECKOI'O
BJIMSHMS I[BETKOB OOspBINIHUKA 00bIKHOBEHHOTO (1aT. Crataegus laevigata, cem. Rosa-
cea) Ha MPOIECC MEPEKNCHOr0 OKHUCIIEHHE JINIHUO0B, Ha o0lee (pyHKIMOHAIBHOE COC-
TOSTHHE OPTraHu3Ma M Hay4HO 00O0CHOBATh €ro MPUMEHEHHE.

Mamepuan u memoouka. bBHUOXUMHUUECKHE SKCIIEPUMEHTHI IPOBOJAMINCH B ABYX CEpHAX
(KOHTPOJIBHOM U 3KCIIEPUMEHTAJIBHOI) OMBITOB Ha § KpbIcax camuax, Maccoit 200-250 .

HccnenoBanue mporeccoB nepekucHoro okucnenus sunugos (II0JI) B Mosre u neyeHu
KpbIC KOHTPOJIBHOW I'PYIIIBI IPOBOJMIIOCH JI0 THIIOKCHHM — B HOPMAaJIbHBIX YCIOBUAX aTMocdep-
Horo aaBieHus (pO,=142MM pT.CT.), IPH OCTPOH KUCIOPOJHOW HETOCTaTOYHOCTH — Ha “BbICOTE”
7500-8000m (pO,=65mMm pr.ct.) u mocne “cnycka”. MarencuBaocts [10OJI ompenensui mo KoH-
LeHTpaluy MajoHoBoro muanpiaeruga (MJA, MkM/T TkaHu) B peakuuu ¢ 2-THo0apOUTYpOBOIt
kucinoroit [9]. Ans aroro nocine 30-MUHYTHOI'O BO3ACHCTBUSI IMIIOKCHUH JKUBOTHBIX JI€KAUTHPOBA-
11, roroBwId 10 %-Hblif rOMOreHaT roJoBHOro Mo3ra u nevesu B 1,2% xjopuaa Kanus.

Bo BTOpOIi cepun ONBITOB Y )KUBOTHBIX 3KCIEPHUMEHTAIbHON I'PYIIIbI, KOTOPbIE B TE€YEHUE
10 mHel ¢ kKOpMOM HPHHUMAINH LBETHI OOspBIIHKKA (5 MI/KT Beca) (aueTa), nHTeHcuBHOCTH [10J1
HCCIIeIOBajIach MO TOW ke cxeme — J0 runokcud, Ha “Bbicore” 7500-8000 M u mocie “crycka’”.
[MosryueHHbIe aHHbIE MOABEPrajMCh CTATUCTHYECKOH 0OpaboTKe C MCHOJIB30BAHMEM KpPHTEpHs
CrplozieHTa.

VYcnoBue KMCIOPOAHOH HEOCTaTOYHOCTH CO3/1aBajioch B J1a00OPAaTOPHOH Oapokamepe Iry-
TeM oTKauuBaHus Bo3ayxa. “IlogbeM” u “criyck’ )KHUBOTHOr0 B Gapokamepe MPOU3BOAUIN CO CKO-
poctbio 15-20M/c. mUTensHOCTh KOPMIICHHUSI M /1032 JISKAPCTBEHHOI'O PACTEHHSI COTJIACOBAHBI C
BpayaMH TPaJUIMOHHOH MEAULIUHBI.

JInst BBISICHEHUsSI KOMOMHHMPOBAHHOI'O BIIMSHUS THIIOKCHH U aHTUTMIIOKCaHTa Ha obuiee (u-
3HOJIOTMYECKOE COCTOSHUE OpraHM3Ma B ABYX NapaulebHbIX TPyIax (KOHTPOJIbHAS M AKCIEPHU-
MEHTaJIbHAs) JKUBOTHBIX (B KXKIOW IPYIIIE MO YeThIPe KPBIChI) HAOIIOAAIN 32 H3MEHEHUSIMH 10,
BO BpeMs M IIOCIIE TUIIOKCUYECKOro crpecca. Jlist OLeHKH (pHU3HOIOrH4eCKOro COCTOSHMS 1IeI0CT-
HOTO OpraHM3Ma HCIOJNB30BAIM CHELMAIbHO Pa3pabOTaHHBIH B MHCTUTYTE (M3UOIOTHUH HM.
JLA.Op6enn HAH AA anmaparypsslii komiieke “buockon” (puc.1). bruockon Ha moBepXHOCTH
TeJa )KMBOTHOrO OECKOHTAKTHO PErHCTPUPYET OCHMUISALHIO ONpE/IeNIeHHON 4acToThl (puc.2), Ko-
TOpasi CYNTACTCSI CYMMapHBIM OKa3aTeieM (QYHKIMOHAIBHOIO COCTOSHUS opranusMa. [Ipu aHa-
JIM3€ 3apeTUCTPUPOBAHHBIX CUTHANIOB “brockoma” HMCHONb30Bajiach pa3paOOTaHHAS aBTOPaMHU
KOMIUTEKCHast Tiporpamma B cpene “LabView”. [IporpamMma aHamu3upyeT HECKOJIBKO MapamMeTpoB
9TOr0 CHUTHAJA, HO IS IAHHOT'O HCCIIEIOBAHMS MBI YYMTHIBAJIM TOJNBKO OAMH: YaCTOTY OCLIMILIIS-
uu. [ KaKaoro )KUBOTHOTO BBIYMCISUIMCH 3HAUYEHHS IOCIEAOBATENBHBIX MEXKIHMKOBBIX Bpe-
MEHHBIX HHTEPBAJIOB

B Havasie Ka)X70ro SKCHEepUMEHTa JUIS aaNTally KMBOTHOTO K YCJIOBHSAM OapoKaMepsbl
npoBoiIachk 30-MHUHYTHast KOHTPOJIBHAS perucTpaiys curaana buockomna. ITocne 3Toro ®uBoT-
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HBI€ TIOJIBEPTalliCh T'MIIOKCHYECKOMY CTpeccy — “TIomHMMAaIHCh” Ha BbIcoTy 7500-8000 M m B
TedeHre 30-TH MUHYT IPOBOIMIIACH PETUCTPALIUS CHTHAJIA.

Bo BTOpOIi cepur OIBITOB 10 TOH XKe CXeMe YJacTBOBAJIM KUBOTHBIE (IKCIIEpUMEHTAIbHAS
rpymmna) B redeHne 10 qHel, IpuHAMaBIINe ¢ KOPMOM IIBETHI OOSPBIIITHHKA.

C menbio BBISICHEHHS ITOCIEIeHCTBAS THIIOKCHU B T€UEHHUE 2-X YacoB IIOCIIE CITyCKa Ipo-
JIOJDXKAJIach PETUCTpalysl CHTHaJIA 00IIero GyHKIIMOHAIEHOTO COCTOSHHS KUBOTHBIX YXKE B YCIJIO-
BHSIX HOPMAJIBHOTO aTMOC(hEpPHOT0 JaBIIECHHSI.

OmBITHI TPOBOIMIN B COOTBETCTBHU C NpaBWIIaMU basenbckoi pexmapaiiuu, yrBepKIeH-
HbIMH Hal[oHaNbHBIM KOMHTETOM MO OHO3THKE APMEHUH.

i |
0 1 2 3 4 5w

Puc. 2. Tlpumep curnana buockona.

Pezynomamut u o6cyyncoenue. V3BECTHO, UTO KUCIOPOAHAS HEJOCTATOYHOCTD
SIBIISIETCS] IIGHTPAJIbHBIM 3BCHOM B IIATOr€HE3€ Pa3IMYHBIX XPOHHUECKUX 3a001eBaHUNI
CepIeyHO-COCYONCTON M apIxaTenpHoOM cucreM [3,4,13]. CrnemoBaTenbHO, aKTHBALIUSA
aJlalTallUOHHBIX MEXaHW3MOB OPraHH3Ma HMMEET Ba)XKHOE 3HAUCHHUE IS MOJJIEpXKAaHUS
(yHKIIMOHAIBHOW aKTHBHOCTH TKAaHEH M OPraHOB KaK B YCJIOBHUSX KHCIOPOAHOM HEJ0C-
TATOYHOCTH B OKpYXKarole cpene, Tak u npu aedunute O, B Tkausx opranuzmal 10].

B ycnoBHsAX TMIOKCHH Ha pa3MYHBIX YPOBHAX (YHKIHOHAIBHBIX CHCTEM Opra-
HHM3Ma MPOUCXOIAT U3MeHeHus. Tspkenble pOopMbI THITOKCHH BBI3BIBAIOT BHYTPHKIETOU-
HBIA OKCHAATUBHBIN CTpecc, KOTOPHIM MPUBOAXUT K HAPYIICHUIO OaiaHca Mpo — U aHTHU-
OKCHIATHUBHBIX CHCTEM B IOJIb3Y HEPBBIX, YeEM U 00YCIIaBIMBACTCS aKTHBALUS TIEPEKUC-
Horo okucneHus umunos (II0JI) [6].ITpsaMbIM moka3aTeeM HHTCHCUBHOCTH TIPOIIECCOB
MIEPEKHCHOTO OKHCJIEHHS JIMMMAOB B TKAHSIX SBIISIETCSI COAEP)KaHUE MAJIOHOBOTO JTHATIh-
neruga (MJIA).

CornacHO MONYYEHHBIM JaHHBIM, B HOPMAJIBHBIX YCIOBHUSX CO/EPKAHUE MAJIOHO-
Boro auanbaeruga (M/IA) B mosre u medenu cocrasuser 13,5 MkM/t u 5,8 MKM/T co-
OTBETCTBEHHO (Tabm. 1).

B ycnoBusx rumokcun HaOMIOmaeTcs pe3Koe yBenwdeHue coaepxkaHms MJIA B
mosre 10 54,3 MkM/T, B ieueHu 1028,5 MKM/T.

Kak BUIHO M3 IpUBEAECHHBIX AAHHBIX, cofep:kaHue MJIA Kak B HOpMaJIbHBIX ycC-
YCIIOBHSX, TaK U NIPH TUTIOKCHH B MO3T'€ 3HAUNTEIHHO BBIIIE, HEXKENN B TIEICHHU,T.K. YPO-
BEHBb aHTHOKCUIAHTHOU 3ammThl (AO3) B Ie4eHN BHIIIIE, 4eM B Mo3Te [2,6].
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AHTUTUTTIOKCAHTA HA BUOXUMHYECKHE ITPOLIECCHI 1 HA OBLIEE ®M3HMOJIO'MYECKOE COCTOSHUYE...

Taéamua 1.Bnusiaue runokcnu u Crataegus laevigata Ha nporiece nepeKiHCcHOro OKHCICHHUS
JIUIAIOB B TOJIOBHOM MO3re U nedeHn Kpbic( p<0.01).

Conepxxanne MJIA (MkM/T)
YcnoBust ornbiTa Moar Tleuens
Hopma 13,5+1,6 5,8+0,7
Tunoxcus 54,3+47 28,5+3,5
T"umokcus + quera 40,7+3,2 14,9+1,7
Ilocne ( rumokcust + aueta) 24,7+1,6 6,5+0,6

OpmHuM U3 croco0OB alanTaldl OpraHu3Ma K THIIOKCHU SIBJISCTCS MPUMCHCHHE
AQHTHTMIIOKCAHTOB W AHTHOKCHIAHTOB. AHTHTHUIIOKCHUYECKHE W aHTHOKCHIAHTHBIC
CBOMCTBA BBISBJICHBI Y MHOTHUX JICKAPCTBEHHBIX PACTCHUI, B TOM YHCJIC U Y IIBETOB 00sI-
peinbuka  oObikHOBEHHOTO ( Crataegus laevigata (cem. Posossie (Rosaceae) [8]. Bo
BTOPOH CEpHH OMBITOB (THUIOCKHs + JueTa) HaOIIOAaeTcsi yMEHBIICHHE CO/IepKaHUs
MJIA B mo3sre xuBoTHOro no 40,7 MkM/t, a B neuern — 10 14,9 MKkM/T, 4TO CBHE-
TENBCTBYET O 3HAYMTENBHOM cojiepkanun GepmentoB AO3 B neyenn. Ho, kak BuaHO
u3 Tabi. 1, yepes aBa yaca Mocie BO3ACHCTBUSA THITOKCHU HAOJI0aeTCs TCHICHIINS BOC-
CTAaHOBJIEHUS UCXO/IHBIX MOKa3aTesen.

HOJ'Iy‘-IeHHbIe JaHHBIC CBI/I)ICTCJ'IBCTByIOT, YTO LBCETHI 60HpI)IH_IHI/IKa CHOCO6CT-
By}OT CHM)KCHUIO YPOBHA NEPCKUCHOI'O OKHUCICHHS JTUIIMAOB, BbBI3BAHHOI'O TUITOKCUEH.
[Ipeanonaraercs, 4To 3TO 00YCIOBICHO YIYYIICHHEM YTHIN3AIMN OPraHU3MOM KHCJIO-
poZa U C IOBBILIEHUEM YCTOWYMBOCTH OPTaHOB U TKAHEW K TMIIOKCUM. B akruBanuu as-
TUTUIIOKCUYECKOM 3aIUThI OpraHu3Ma OoJIbIIOe 3HaYeHHE UMEIOT pa3iniHble OHOJIOTH-
YEeCKH aKTHBHbBIE BELIECTBA, COACPIKAIMECS B IBETKaX OOSPBIIIHUKA, B YaCTHOCTH (ia-
BOHOWJIHBIC TJIMKO3Ubl (TMNIEPO3U, BUTEKCHUH, KBEPLUTPHUH), (EHOJIBI U JIPYTUE Be-
IIeCTBa, 00JIaJaroNIie BHICOKON aHTHOKCHIAHTHOM aKTHBHOCTBIO. DTH BEIIECTBA YUacT-
BYIOT B IIpOIeccax OMOIHEPreTUKH M MOBBIIIAIOT YCTOMYUBOCTh K TUIOKCHH. MeXxaHu3M
ATOTO JEHCTBHS CBSI3aH C MHTMOUPOBAHUEM aKTHBAILIMKM CBOOOIHOPAIUKAIBHBIX MPOIIec-
COB U MEPEKUCHOTO OKHMCIICHHS JIUMUI0B KIETOUYHBIX MEMOpPaH, O 4eM CBHICTEIbCTBYIOT
JaHHBIE HAIIETO HUCCIEAOBAHHUI. DTO COMPOBOXKAAETCS KOPPEKIHEH KHUCIOPOI03aBUCH-
MBIX TIATOJIOTHYECKUX COCTOSHHM, CTUMYIISIIHEH MPOIIECCOB pereHepaiuu. B pe3ynpTrare
TOPMO3UTCS TPOLECC Pa3pyIICHHs KIETOYHBIX MEMOpaH, CHIDKAETCS MPOHHIAEMOCTh
COCY/IOB, YAYYIIAETCS MUKPOIUPKYIISLISA, HOPMAIU3YeTCsl YPOBEHb XOJIECTepPUHA U TPH-
TJIMIEPUIOB B KPOBH[7].

OCHOBHOE JICWICTBHE aHTUTHUIIOKCAHTOB HAIMPABICHO Ha TOJJepKaHue (YHKIHI
MHUTOXOH/IPHA, 00ECTIEYNBAIOIINX MMPOAYKIIUIO HEOOXOJUMBIM KOIHYECTBOM HEPTHH B
KJIETKaX W OpraHax, CTPaJarolluX IIPH Pa3INYHbIX BUAAX rumokcuu [11].

B cocrtaB mBeTka OOSPBINIHAKA BXOAWUT TAKKE ENBIA KOMILIEKC BUTAMUHOB (A,
B, C, E, K).

Butamun A oka3biBaeT OOIBINOE BIUSHUE HA OaphepHYIO (DYHKIUIO KIETOYHBIX
MeMOpaH M aKTUBHO YYaCTBYET B OKHCIHTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIHAX, IIPOTE-
KaIOIIUX B KJIETKAaX OpraHn3Ma.

YcraHoBneHo, 9TO BUTaMuH E, TIpHCOSOMHSAS KHCIOPOI, TOPMO3HT IIPOIECC
OKHCIICHHS JTUTHIOB U MPOTHBOAECHCTBYET TOKCHYECKOMY BIHMSHUIO CAMUX TIepeKucei
[7, 11].

Buramua C y4acTByeT B OKHCIHUTEIFHO-BOCCTAHOBUTENBHBIX PEAKIUIX OPTaHN3-
Ma u obecrieurBaeT Ooiiee BBHICOKYIO BBEIHOCIHBOCTH JKHBOTHBIX K HEIOCTATKY KHCJIO-
poma [11].
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Takum oOpazoM, OMOJOrMYECKH aKTHBHBIE BEIECTBA, COIEPIKAIIUecs B LBETaX
OOSIPBIIIHUKA, MTOBBIIIAIOT aKTUBHOCTh aHTHOKCHAAHTHBIX CHCTEM OpPTaHM3Ma, B PE3YiIb-
TaTe yero nmoHmwxaercst yposeHb [10JI B ycoBHSX OCTPON THUITOKCHHU.

[TomMuMO OMOXMMHYECKUX IIPOIIECCOB, MPOUCXOMINX B YCIOBHAX OCTPOM KHC-
JIOPOTHOM HEIOCTaTOYHOCTH, HAOMIOaeTcs TakKe U3MEHEHHE 0o0uIero Gpu3noIorniec-
KOTO COCTOSIHMSI OpraHm3Ma. V3BecTHO, uTO B ()YHKIMOHAIBHBIX CHCTEMaxX pPa3HBIX
YpPOBHEW opraHu3anuy (MOJEKYJISIPHBIH, KIETOYHBIH, TKAaHEBOW, OpraHM3MEHHBIN) 00pa-
3YIOTCSl ONpEAEICHHbIE CUTHAIIBI, Hecylre WHpOpMaIHio 00 MHTETPaTHBHOM COCTOS-
HUM opranusma [1]. [nsg Bu3yanuzanuu 3TUX HHGOPMAIMOHHBIX CUTHAJIOB pa3padoTaHo
CIEeNMANBHOE TEXHUYEeCKOoe cpeacTBo — Ouockom [12]. CornacHo paHee OmyOIMKOBaH-
HBIM JJaHHBIM, MEXCHUCTEMHbIE HH(OPMAILIMOHHBIE CBSI3U B OpraHu3Me HanboJiee 4yBCT-
BUTENBHBI K CTPECCOBBIM Harpy3kam, B TOM UHCJE U K TUTIOKCHYECKOMY cTpeccy [5].

OKCHEepUMEHTHI MTOKa3ajIH, YTO OECKOHTAKTHO PErMCTPUPYEMBI Ha MTOBEPXHOCTH
Tesla CUrHaI OMOCKONa YYBCTBHTENEH K Pa3IMYHbIM (papMaKoIOrMUecKiM Ipenaparam,
CTpeccopHbIM Bo3zelcTBUsIM [5, 14]. Pe3ynbTaThl 3THX HCCIEIOBAHUIl CITyXaT IOKa3a-
TEJIbCTBOM TOTO, YTO JAHHBIM CHTHAJ SBJIACTCS MOKa3aTesieM 00IIero (Gru3noIoruIecko-
T'O COCTOSIHHSI OpraHU3Ma.

CyliecTBeHHOE TTOATBEPXKIACHUE TAHHOTO MPEICTABICHUS MOJYY€HO B IKCIIEPH-
MEHTaX Ha HAPKOTH3MPOBAHHBIX KpbICaX: IOCJE YKOJa JIETAbHOW 11036l HeMOyTala Ha-
OJroaeTcsl CHMXKEHUE CPEIHEr0 YPOBHS DPErMCTPHPYEMOrO CHUTHaia. DTO TO3BOJISIET
NPENTONOKUTh, YTO MOKa3aHUsi OMOCKOIA OTPaXKaroT YCIOBHBIH YpOBEHb OHOIOTHYEC-
KOW aKTUBHOCTHU HcciieayeMoro oobekral15].

Tadmuma 2.3HaueHus cpeHei YacTOThl OCIMILISLINK CUTHAJIOB OHOCKoIa (KOJI/MUH)

I'pynisl >XMBOTHBIX B HOpMaIbHBIX YCIIOBHAX Ha BbIcOTE IMocne crycka
atMmocdeproro nmasienus | 7500-8000m

KontponbHas 7,1+1,1 7,8+0,7 9,1+0,8

OKCIIepUMEHTAIbHAs 6,3+1.4 5,1+1,0 6,9+0,3

[Tonmy4deHHbIe pe3yabTaTh TOKA3BIBAIOT, YTO Y HHTAKTHBIX (KOHTPOJIbHAS TPYIIIA)
JKUBOTHBIX B YCIOBHUSIX OCTPON TMITOKCHH YacCTOTa OCIIUUIALNY CHTHAJa YBEIHMIHUBACTCS
Y TIPOJIOJIKAET TOBBIMIATHCS Ja)Ke MOCNE CHATHUSI TUIIOKCHYECKOro (pakTopa ele HeKo-
TOpOe BpeMsi: HaOJIOAeTCsl ONpEeeTICHHOE MOCIeeHCTBHE THIIOKCHYECKOro cTpecca
(tabm. 2). IloBrlmeHre 9acTOTHl CHUTHAJTA SABISETCS IOKa3aTelleM YXYALICHHS OOIIero
(PM3MOTOTHYECKOT0 COCTOSHUSI OpTaHM3Ma, T.K. MPH OCTPOHW THUIIOKCHH HaOIIOJaeTcs
CHIDKEHHE YaCTOTHI CEPACYHUX COKpAIICHHH, JbIXaTeNbHBIX IBIDKCHHH, a TakXkKe ype-
JKEHWE UMITYIIbCHOM aKTUBHOCTH HEHpoHOB [13]. V sKcnmepuMeHTaIbHON TPYIIIBI KH-
BOTHBIX OCTpPas KACIOPOAHAS HEJOCTATOYHOCTD MIPUBOIUT K CHIDKSHHIO YaCTOTHI CHT'Ha-
ma. A mocieneificTBHe THITOKCHH BBIpa)kKaeTcs ¢1a00: Y MHTAKTHBIX JKUBOTHBIX YacTOTa
noBbimaerca Ha 30 %, a y skcnepuMeHTanpHo# rpynmnsl — Ha 10 %.

Hcxona M3 MONydeHHBIX JaHHBIX, MOXKHO CKa3aTh, YTO THIIOKCHYECKHHA CTpecc
MIPUBOAUT K aKTHBAIMK MEPEKHCHOI'0 OKHCICHHUS JHUIHIOB B MO3T€ M TEYCHU >KHUBOT-
HBIX. B 3THX yCIOBHSIX yXyamraeTcs u o0mee GrU3H0IOrnIecKoe COCTOSHUE JKUBOTHOTO.
Uepe3 10 mHE# KOpMIICHHUS KMBOTHBIX IIBETKAMU OOSpPHIIIHMKA HalOmromaercs obierde-
HUE OTPULATENBHOIO BIIMSHUSA OCTPOH KHCIOPOIHOM HEAOCTATOYHOCTU. BakHO Takke
OTMETHTH, YTO 3TO PACTEHHE CHUMAET HeXKeJIaTelIbHOe IMOCIeNeCTBIE THIIOKCHHU KaK Ha
OMOXUMIYECKHE MPOIECCHI, TaK ¥ Ha 001iee () YHKIIMOHAIFHOE COCTOSHIE OPTaHN3Ma.
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LEPUNIOYUD UUMPLUYLENh (SPIRAEA L) EUNdh2hNLNAhUYUL
urvurnauuuLnte3niLe 3U3UusuLvh ANFUULULUYUL
usarurniv 64 hQGYULP AGLACNAUNYNIY

d.3. 3INn4uyhuU3uvy, L.L. UnMuaI3uu
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NunwdUwuhpyb) BU wuwhpwy gbnh (Spiraea L.) Ubpuntdywd npnp inGuwyutnh Eyndhghn-
Inghwywl Uh 2wpp gnigwupputp: Swpptp nGunpnyihdwjwywl  wwjdwuubpnud  WQuwhpwy Jw-
Uhnwnh, U. swwynuwywuh W UW. |Gpnwhununwwmbplh $nnnupbetgh nu wnpwluwhpwghwih hu-
intUuhynipjwl, snwiht wlpwywpwpnijwl W onh tnwnptn ltph wywpniuwyniejwl gnigwupubpp
wnwnptp BUY wwpdwlwynpywd  wéddwl  Unp wwydwllbpnd  npwlg  wwpwunhdwl  hwp-
Jwpnnwywunipjwdp:

Pnjutinh UEndnconcd — gpuyhl nbdhd — $ninnuplpbq — npwluwyhpwghw — hwpdwpnnwlwuncpnLl

Wccnenoan psiz 9K0-(PU3MONOrMYECKUX TTOKA3aTeNIell HEKOTOPBIX HHTPOAYIIMPOBAHHBIX B
ApMeHnuio BUIOB pora TaBoira (Spiraea L.). B 3aBHCHMOCTH OT CTENEHH aJanTaliy K Pa3IMIHbIM
JCHIPO-KIMMAaTHYECKUM YCIIOBUM y BHIOB Spiraea X vanhouttei, S. japonica u S. chamaedryfolia
Takde MOKA3aTeNn KaKk HHTEHCUBHOCTD (JOTOCHHTE3A ¥ TPAHCIIMPAIMH, BOIHBIN NeQUIUT, COMep-
JKAHUE PA3IMIHBIX POPM BOIbI OTIHMYAIUCH APYT OT JPYyra.

Hnmpooykyus pacmenuii — BOOHbLU PeHcUM — Gomocunmes — mpaHcnupayus — a0anmayus

A number of eco-physiological characters of some species of the meadowsweet (Spiraea L.)
introduced into Armenia has been studied. Depending on the degree of adaptation to various new
dendro-climatic conditions the species Spiraea x vanhouttei, S. japonica and S. chamaedryfolia
differed from each other by such characters as the intensity of photosynthesis and transpiration, water
deficiency, and the content of various forms of water.

Plant introduction — water regime — photosynthesis — transpiration — adaptation

Swjwuwnwuh pniuwpwlwywl wighubpu ne nunpnwwpytpu hpsug GpYwnwwnle
gnpénLlbnuejwl pupwgend gpwnybp BU 3jnwhuwht Yhuwgunh pwpGhuwnlu gnunc
wnwnpbn  pniuwwphuwphwgpuywl  nwnpwéwpgwllbphg  pwnpén  gbnwqunpn  6w-
nwpnubph UGpdnisdwdp W Yihdwjwywndbgdwdp, huswtu bwle npwlg ulwswwwn-
JwU wpwyunhlywynd UepnuGine huunhputGnny [2]: APwpép gnwquwpn nL gentghy dwnynn
plhwwnbuwyubph  wpenid  wgeh B pubund  Spiraea  gbnp, nph wnGuwywhu
pwqUwquunie)niup, whuwphwgpwywl  tnwpwédywénipintlp  huwpwynpnipintt Bu
nwihu npw  wnGuwywihu  hwpnun Yuagdp qUwhwwnGine npwbu  wpdtGpwynn W
hGnwuywpwiht Guunye' Iwjwunwuh swhwqwlg pwgdwgquw W puwjinwpnbun nbun-
npnyhdwjwywl wwydwultpnud Uepdnuétint hwdwin [1]:
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Lbnpuntowé Swnwpnyubph YELuwywnnigywsépwiht wnwldUwhwwnyniejnllutph
nLuntduwuppniejnlllu nluh uplenp Lpwlwynue)ntt npwilg  hwpdwpnnwywuntsjwl
punyeh wwpqwpwudwl W yGpuwpunwnpnuejwl wwwhnduwl hwdwp:  Pnyubplu wanwd
EU nELhEPh twpptp Jwubnnid, npnup tnwippBnpdnud 6U Uhypnyhdwjwywl wwydwluGnny
W npwund huy wannd BU npwlg  Phahninghwywl  dhdwyh  dpw: Uhgwywiph
gnpénultph  wupunhwwn  thnthnpudwt wwydwuubpnud  inbnh Bu nluBunutd npnpwiyh
thnithnfunipynilutn,  husgwbu  $nnnuplpbnhy  wwwpwwnnud W npw $ncluyghnwg
wywnhynyejwl  Ube, wluwbu £ pnyubph  gpwyhlu  nbdhdnud, npnbp  Ypnd  Gu
hupUwywpgwynpdwu punye W nunnywd Gu pnyubph Unpdw) YeuuwgnpénLubnLejwl
wwwhnydwup: Wn wnnwnyd, wwpptp  Jdhypnyihdwjwywl ywydwulGpnd  pnjubph
opwhu ntdhuh, npwluwhpwghwih hUunbuuhyniejwl, $ninnuplretinhy gnpdniubnLejwlu
nruntduwuppnieniultpp Yihdwjwywndbgdwl inGuwuyjniupg swthwqwlg wnlenn Gu:

GluGn npwuhg Utp hGunwgnuniejwl Uwywwnwyu E hwunhuwgtbp pwguwhwjntg
ubpdnbywéd wuwhpwyubph Eyndhghninghwlwu npnp  wnwlduwhwwnynienilubpp W
hwpdwpnnwywunyejwl  wunhdwup  Swjwunnwlh  pnuwpwlwywl - wighuGpnud - W
holLwlh nGUnpNwwnynLU:

Unip W dEpnn: NuntdUuwuhpnie nilubnp yuwnwnybp 6u 2016-2019 pr. tplwlh (Yhuww-
Uwwwinwihu gnuinh, 1200-1250 J 6. U.), Ullwuh (pwpénp (Gruwjhu gnwnp, 1950 J 6. d.), Ywlwénph
(Uegndh; wunwnwihu gnwnp, 1400-1500 J 6. J.) pnuwpwlwywl wighubpnd W beliwlh ntun-
pnwwpynd  (pwpGhuwnb - wuwnwnwihu  gninh, 630-650 U): Npwbu nunwdUwuhpdwl  opjtyn
hwunhuwgt] U wuwhpwy gbnh htwnlyw] tnuwyutpp' Wuwhpwy Jwuhnunh (S. x vanhouttei (Briot)
Zab.), U. SwwnUwlywu (S. japonica L. f) W UW. [Gpnwhunwwuwnbple (S. chamaedryfolia L.), npnup
pUuwywunptl twpwédywsd U Uplbywl W YEUnpnuwywl Wuhwind, Sypnwwynud W Uhphpned,
utpdnidyt)] BU Gplwuh, dwlwénph, Ukwuh pnuuwpwlwywl wighubp W holiwlh nGunpnuwpy’
ntunpnhwywpewénubnp hwdwiptine W Yihdwjwdwpdtgubine bwywwnwyny:  NundUwuhpywé
rthwwnbuwyutpp gpunwnhdwgynit U, (nLuwubn, (wy U nhdwund onh wnnnunywéntejwln, hnnh
Ujwwndwdp  wwhwlgynuin 6L, nubl  hjnwhuwhu - Yhuwgunh  pwpbhuwnu - gnhnntt punpnp
YEluwdnndninghwywu Ywrenigywée, npu b huwpwynpnieintl £ wnwihu pthtpht wwwhnybing
hptug Unpdwp YEUuwgnpdnlubnieintUUu nu YGpwpunwnpnieniup: UGp Ynnuhg wnwsehlu  wlgwd
nwunwUwuhnytp E  Spiraea L. gbnh JGpp  Updwd  wnbuwyubph  Eyndhghninghwywu
wnwUduwhwwnynieintubpp (opwjht rbdhd, gpwihu wupwywnpwpnie)ntl, wpwluwhpwghwih W
dninnuhlptgh huntUuuhynipiniu) GlUGINY pnLuwywl opqwuhquh wdpnneswywuntejwl uygpnluphg:

NunwdUwuhpnie)nilbpp wunwpdbp Bu Ggbunwghwih  pnint qupgugdwl  oppwunid
(Jwjhu-hntuhu wdhuubphu) W hGwnwgnunniejwl hwdwn Uunwe Gu hwhghuwgbl wuwyhnpwyh 20-25
wnwnbywu rthbpp: Aninn sgwithnuwdubpp Ywwnwndt, Bu dwdp 1190130 puywéd dwdwluwywhwwn-
Jwoénud, jnpwpwlgnep swithnud wpdt £ 3 Ypyunnnipjuwdp W GpGpwywl wnwppbpwyutpnd (nt-
nwewUgnLn tnwnpbpwyh hwdwn punpdty Gu 7-10 pugynin): Shghninghwywu hGwnwgnnnienluubpp
Jwwnwpyb| Gu hwupwhwjwn Jdgennutpny [11] L pEpdwéd ndjuiubpp Uepywjwgunid BU yuwnwnpdwé
wlwhqutph dhghU wnpnntuglbnp, npnlp Gupwnyyt) Gu yhdwywagpwywu Jywydwu:

Upmyncuplubip W puliwpyncd: Cnyubph Eyndhghninghwlywl wnwbiduwhwnynwe)niu-
utph wwpqupwldwll ninnywé whuwwnwlplGpnd wnwbdUwhwwnnly npwnpneginlu £
nwpdynd npuwig 9pwihtu nbchuhu, npp pwgwwnpdnud £ pniuwywl opquiuhquh Yywupned
gnh wuthnfuwphuth nepnd [41: Sndh Jwywpnwihg  wébwywiph  pwpdpnuyzjwl hin
wnpUgwsé, Swjwuwnwuh  pneuwpwlwywl - wyghuGpnd - Uepdnedywé  Swnwpnyubph
$hahninghwywl  hwpdwpnnuywunygjwu  htn Juwdwd Juwwnpds, Gu Jh  wne
hGunwanunienlultn [5, 8, 9], npnugnud utnwgywé nyjwiunp npnpwyhnptu hwdpuyuncd
GU Lbwl Jbp Ynnuhg unwgywé gnigwuhpubnh htwn (wn. 1): Wuwhpwyubph gpwht nbdhuh
wnwnptn gnigwuhpubn BU nunduwuhpydty 2nch hngunned [6], npnugny wwipquipwuyned Bu
onwjhu ntdhuh thnthnfudwl ophuwswithnie nluutpp W JheinGuwyuwihU tnwpptpnencuutnp:

GluGnd wyn hwuquwdwpehg, JdGp niuncduwuhpneenillepu pungnyt 6 éngh Jw-
Jwpnwyhg 630-1950 U pwpépniejwl wwjdwllbpnid® Iwjwutnwuh  pnruwpwlwywl
wjghutpnud W beliwuh nBunpnwwnynd wdtgynn wuwhpwyh npn wnGuwyutph gpwjhu
ntdhuh hwpgbnp (wn. 1):

NiuncdUwuhpnie)ntllbpp gneyg GU twihu, np watiwdwiph hnnuyhdwjwywl ww)-
Jwuutpp npnawyhnpBu wgnnwd U pnLuwnGuwyutph wnbplluGpnud gph tnwinpptp 6lph
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wwpniuwynipjwl ypw, puin npnd wyn wgnbgnieiniup ywnybp £ ungupuy Jhlduncgu
gnunt lnwppbp nGuwyubph dnwn: UGp ncuncdUwuhnniejwl wpnyntupUbphg wwpgyned E,
nn Iwjwuwnwuh nwpptp nEunpnyhdwjwywu wwydwuubpnud uepdnudywé wuwhpwyh
wnwppbp wnbuwyutbp twpptp swhtpnd Bu yepwywaunud hpBug gpwjhu ntdhdubpp, npp
wwwnwupuwl ntwyghw E wpunwehtu wwjdwllbph wgnbgnugjwup W nupnywé £ npulg
hwpJdwpnnwywuntejwlu nu gnjwunlidwup:

Un. T-nud ppdwé ingyuiubph yeppnudnepjwt gpwiht ntdhuh gnigwuhpubpp pun
wodbwywjph pwpapnuejwu pwhuyned Bu hGinlyw Yepw. Quwhpwy Jwuhnnh, W.owwn-
Lwywuph W U. [Gpnwhununwwtbplh dnnn Jhwdwdwuwy punhwunip W wqwun 9ph
wwpnibwynentup  ophuwgswithnpl bjwgnud £, huy Yuwwywséhup' wybwunud, pw-
gwnnipjwdp dwlwénph pniuwpwlwywl wigne, npunbn gpwugylb, G wdtUwpwpép
gnigwuhutpp: Wuwhuh wwwnybpp fununcd £ wjl Jwupl, np 1950 J ypw wiénn pnijutph
wnGpllubpnud® h twpptpniegnlu 630 U, punhwunip W wqwwn 9nh wuyndp W Yuwwsdh
wyblwgnudp oppuwswith tGpunye £ W Uwgnud £ wuywhu neunwduwuppdwé  pnijup
nbuwyhg W oluwnngbUubwnhywywl  wnwghuwnwgnidhg, npnup  hwunwwnywsd B
pwqUwehy wphuwwnwuputnny [4, 8, 10]:

Qnuwjhu ntdhuh hwdwihp thnthnpuniejnilubpnud, Ywhudwé wpunwehlu gnpénUut-
nhg, twywu Lpwlwynientt nllbu onwiht wbpwywnpwnpnientlu n - npwluwhpwghwih
huwnGuuhyntyniup, pwuh np win gnigwuhutnp oph Unwinpgh W Gigh htun vhwupu npnanud
GU  pnyuh  9pwihu  hwpyblphnp  [4]:  UaGwdwiph  pwpdpwlwintt  qnigpUpwg
nnpwdwpwlwywu £ tnpwluwhpwghwih W opwjhu wupwywpwpnipjwl dhele Gnwé nunhn
Jwwp: dbpghupu hhdwlu Jpw wbwp E Gupwnpb, np 1950 J pwpépnipjwlu
wabwywjpned onwijhu ntdhdp gunuyned £ npnuiyh wuhwywuwnpwyhn yhdwyned, npp uh
owpe  hGnhuwyutph Ywnpsdheny [3]1 Ywwynd E pnyubph gqBUGpwwnhy  quingwgdwul
wlglbGint  dwdwlwy woddwl  wpngbultph  nwunwnbine  hGwn:  UBp  nwund-
Uwuhpniejniulbph wpnyniugnid 9pwihl wupwywpwnniejwl gnigwlhpubnp hnfuyned Gu
htwnlywy YEpw. Wuwhpwy uuhnunh W W, dwwnUwywup dnin Wjunygned £ wuynd® pun
wébiwdwinph pwpapniejwl, pwgwnnijwdp dwlwénph pniuwpwlwywl wigned, huy
Wuwhpwy [Epnwhununwntplch dnn unwgynud £ hwywnwy wwwnytnp, pun wabwdqwph
pwpapnypjwl  wbknh £ nuBund gpwjht - wupwdwpwnpnijwl,  $nunupupbgh L
wnnwluwhpwghwih hunGUuhyniejwl wybiwgned:

JbGpinébing $ninnuhluebigh huwntuuhyniejwl gnigwlhpubpp EYyninghwywu nwp-
ptp  wwjdwuubpnud, wwpaynwd £, np pun webwdwph pwpapnigjuwl win thnthn-
funipnlUlGpp Uniuwbu vhwudwt s6U pupwuncd: Wu wnwdb) pwpan gnigwuhy £ gpwu-
gtl dwuwaénph pnruwpwlwywl wigned wann Wuwhpwy yuwuhnunh Jnw, W wybih guén’
Ulwuh pniuwpwlwywl wignud wénn Wuwhpwy Jwuhninh dnw: Un Yuwwygniejwdp
Jwpblh E Ggpwywglby, np pnygubph $nunnuplebgh huwnGUuhdniejwl  gnigwuhpubph
thnthnfunientup wwjdwlwydnpywd £ npwlg dwnwugwywuniejwl W Ywrnigdwdpwihl
wnwudUwhwwnynipe)nlulbnpny [7]:

Swpyh wnlbiny uGpunwdywé pnyutph hwpdwpnnwywunigejwu  $hghninghwywl
gnigwuhpubph  wnwldUwhwwnynientutpp, YuwnGh E Guewnpb, np Jwuhnunh Uu-
whpwyp Eyninghwwbu wyth 8yniu £ W wpnn £ juwjunptu ogunwgnpét) ncuncduwuhnynn
pninp gnwnhubph Jubwswwwundwl Jdtp, hwnywwbu dwlwanph Jtgndhp wlnwnwihu
gnuncd, npuintbn gpuwlgyty Bu wuBUwpwpép gnigwuhpubpp: dwwnuwywl Wuwhpwyp®
bollwlth  nwpwdéwpnpwh  snp  UGpéwplwnwnéwihu  JhypngpgwillGpned,  huy
(Epnwhununuwuntple Wuwhpwyp' Ubwuw 6h wjwqwuh W hwpwyhg pwpan (Eruwhu
gnunnt  puwywdwynpGpnud: - Gplwup  pruwpwlwywu - wyghlu, pun $hghninghwywu
gnigwuhpubph, gpwnbgunud E Jhpwllyw) wbn: Glubing uwnwgdwéd gnigwuhpubphg
Jwpbh £ Ggpwywgutby, np uGpdndwéd wuwhpwyubpp Yhdwjwdwndytb, Gu Gplwuh
Jhuwwlwwwwwihu  gnnnt nbunpnyihdwjwywu  wywpdwuubpnud W Jwpnn Gl
oquwagnpéyt] Gplwuh Yutwswwwwndwl Jb:

44



LEPUNFEYUS WUNhPUMLENh (SPIRAEA L.) EUNSh2PNLNGHAULUUL IUPUUANIUMULNFESNFLE IUSUUSULD...

Unynruwly 1. Swjwunwth pniuwpwlwywl wjghubpnd W boluwuh nEunpnuwpynwd
utpuntdywd wuwhpwyutph Eyndhghninghwlwu gnigwuhutnp

9nh autinp, % pwg puphg | & :
=5
U wwn, (M m) Yo =53 |53
pwpapnt- ES 32° ey
dwlwp- c 3|39 229 =4
S o = | =3 2 53
nwhg, U = s | 32 3|3¢ 559 g9
§ 3 = 3 o e 55 S) [ChK=3
3 2 I = = = ) & =3
s |S|3 |s |33 235 | 24
g 7 | 2|28 |4=5 |E%
3| 3 > 5%
O’: A
hslwl, — [70,33+0,99 [ 409 | 2943 | 13 |30,6120.87 | 268.860,96 | 2.42:0,98
Spiraea x 630-650
vanhouttei Snliwl, 57,3+1,02 [32,7| 246 | 1,3 |17,06+0,88 | 250,03+0,97 | 2.26+0,98
1200-1250
Jdwlwann, [71,6650,99 [ 42,6 | 29,06 | 1,4 [34,77£0,99 | 283,6+0,96 | 2,48+0,99
1400-1500
ULwl  [52,520,99 [284 24,1 [ 1,1 [1542+0,82 240,06:0,98 | 2,18£0,96
1950
S.japonica | helwl, 67,320,907 | 382 29,1 | 1,3 |35,03£0,93 | 270,7%0,99 | 2,400,99
630-650
Gplwl, | 645096 355 285 | 12 [14,5820,72| 241,620,98 | 221:0,98
1200-1250
S. chamae- Gplwl, 63,3095 [ 376 257 | 14 |17,72£0,85| 259,3£0,95 |2,27+0,95
dryfolia 1200-1250
ULWU 1950 | 555096 [293 [ 257 | 1,1 [21,63+0,60 | 268,76:0,98 | 2,33+0,96

Ujuwhuny, ényh Jwlywnpnwyhg nwnpbn pwndpniejwl wabiwdwinptpnd  pnyubph
dhahninghwywu gnigwuputpp thnfudnd BU hnn-pnju-dpUninpun hwdwihpnud W indjuig
Jujpph - wwjdwuutpphu  hwdwwwwnwufuwl - wyn  thnthnfunceyncluGpp ypned G hwip-
Jwnpnnwywl punye: Nuwnh, JEn nuncdbwuhpniejwl wpnyniupUbnhg wwpg £ nwnund,
nn pnLuwwhuwphwgnpwywu twnpbp nwpwédwnpswlutphg updnuddwd wuwhpwyubpp®
wuywhu hnnwyhdwjwywlu wwjdwultbnph Jté wnwnppbpnueniulbph, Ywpnn B wakgdb
Swjwuwnwuh  pniuwpwlwywl  pninp - wjghubpnud, nGunpnwwnpytGpnud, pusgwbu  Lwl
pwnuwpeutbph nu puwywdwyptph Ywuws wnuywpyutpnd® hwdwwwwnwuhuwl fubwde W
nnngnud wwwhndGnt nbwenwd: GlUGINY  JBp hGunwgnuneenlulGnh wpnynduplbnhg,
Ywpénud Bup, np htug npwuny £ puguwwnnynud wju hwugwdwupp, np ényh dwywpnwyhg
630 d-hg 1950 J hwulb|nt dwdwuwy $hghninghwywl gnigwuhpubpp wytih Gu jwnyned,
wjuntwduwjuhy npwug Unpdwy  gpwihnfuwlwynee)nilp W YEuuwgnpénLuGnie)niuu
wwwhnynutd  BU wpuweht  wwpdwuubphu  pnyup - UGpphU Ywnnigdwéph W
$hahnnghwywit wpngGulbnh plpwgeh hwdwwwwnwuhuwutgdwu Uhgngny:

aruuuunt@sniv

1. dwpnwywt 3., Unipwnywt UL Wuwhpwyh (Spiraea L.) qUwhwwnnwdp npwbu
gbnwqwpn pnuh 3wjwunwlh  pnwwpwUwlwl  wighubpnud  Ubpdnwstine hwdwn /
Swjwuinwuh YGuuwp. hwuntu, LXVIII, 3, Ep 44-48, 2016:

45



a s

10.

11.

d.3. 3N4ULUhUSUL, LL. UNFPUSUL

Bapoanan )K.A. HaydHele OCHOBBI MHTPOIYKIIMH JPEBECHBIX PAcTCHUH B ApMEHHH.
Epesan, 400 c, 2012.

Tpunenxo B.B. 3HaueHne caMOpPEryJISIIUHM BOZHOIO PEKMMA B MPUCIOCOOIEHUN pacTe-
HUH K M3MEHSIOMMMCS TPUPOHBIM YCIOBHSAM. ABTOped. AuCC. Ha COMCK. YU CTeIl. JIOK-
Topa 6uo. H., Kummnes, 48 ¢, 1972.

T'yces H.A. CocrosiHue BozibI B pactenun. M., 134 c., 1974.

Haeman B.A., Manacau I'T". O pU3HOIOTNIECKON alaNnTalliyl HEKOTOPHIX NPEICTaBHUTe-
NIel ceBepoaMepHKaHCKoi IeHapodiopsl B OoTaHMYecknx camax ApmeHuu. Tes. ;oK.
XX HaydH. cecc. 1Mo ajant. pacr., mocssml. 50-neruto bor. caqa AH Apm.CCP, Epesan,
c. 44-45, 1984.

Hozcoypbaii A.ILl. bnonorndeckne ocobeHHOCTH crimpel B Uylickoit monmHe. ABToped.
JIFICC. Ha COUCK. Y4 CTel. KoHJ. Omon. Hayk, Kues, 17 c., 1986.

Kazapsan B.B., /laemsan B.A., Ocanecsan JI.H. O $OTOCHHTE3€ W BOJTHOM PEKUME JUKUX
COpOIMYEH IUIOJIOBBIX B IOYBEHHO-KIMMATHYECKHX YCIOBHSX ApMeHHH. JloKimams!
HAH PA, Nel, c. 61-65, 2004.

Kasapsn B.B. Mopdodusnoiaornueckue acrekThl aJanTallid B XOA€ OHTOreHe3a M
HUHTPOAYKIMK pacTteHuid. ABroped. nokr. quc. Epesan, 43 c., 1992.

Kasapsn B.B., [Jasman B.A. O noreHuunane U3MeHYMBOCTH (POTOCHHTETUYECKOTO armna-
para IpeBECHBIX MHTPOIYIIEHTOB B OOTaHMYeCKNX cagax Apmenun. Jlokmaaer, Tom 111,
4, Epesan, c. 391-395, 2011.

Ilemunog H.C. B3auMOCBS3b BOZHOTO PeXXHUMa U HEKOTOPBIX (PU3HOIOTMYECKHUX MPOIiec-
COB PacTEHHH C MX NPOAYKTHBHOCTBIO B YCIIOBHSIX Pa3IMYHOrO BoJOcHaOkeHHs. B ¢0.:
"BomHBIN peXMM pacTeHHil B CBS3M C OOMEHOM BEIECTB M IPOAYKTHBHOCTHIO". M.,
Wsn-80 AH CCCP, c. 3-22, 1963.

Canvruros A.U., Macnos U.JI. ®nznonorus 1 OMOXUMUS pacTeHUid: npakTukyM. [lepmp,
Uzn-Bo ®I'BOY BIIO Ilepmckas 'CXA, 300 c., 2014.

Uunwgyty E 16.09.2019

46



Lwjwunnwih QhuneynibOtph Uqquyhl Uywnbdhw Lwjwunmwih Yehuwpwlwwbh {wbhnbu
HauuoHanbHan Akasemus Hayk ApmeHuu BuoAaoruueckuu XypHaAa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

cOnpéwpwpwlwl W inkuwlwl hnndwélbn « IxcnepumenmanvHbvle u MeopemuiecKue Cmamovu®
*Experimental and theoretical articless

Swjwuwmwuh YEuuwp. hwuntu, 4 (71), 2019

LnnNh G4 Uuruausdsnsuvh UUr26rkh ULPNSU4U3rGrh
quulusuvyuLe unvhG2huverp erenrusrnd Yuruy4usd
OrhR~UShIU3NL S26Mh LUUSUUUR

3.2.LU1Us3Uy, L.3. arranr3uy, Uu.n. 3Uune3UL,
U.d. 6rhREU3UYL, J.L. UUUUNL3UL

Swywuinwuh wqquyhl wanpwpuwihl - hwdwyuwpwu
naghov1950@rambler.ru

Unuhtghnqubpp wwwnwunwd U SwjwunwUuh Iwlpwwtunyenund npnénn YEunwuhutph
wubtlwwnwpwédyws wnpninwihu hGdhupnqutbph pyht: Wu hhwunniejwl hGnlewueny puyunwd E
yEunwuhutbph Urtpwwdnientup, Jwwnnwpubph dnn puydynid BU wel nL qupgwgnidp, huy nidbn
Jwpwyh nbwepnid wnwowunid U Jwuuwjwywl wuynedutp:

Upnunwduwin — inhq — rppnLn — Unuhtighnqubin — JuwpwlydwénipnLl

MoHHe31O03bI SBIISIOTCS OIHUMH U3 CaMbIX pacupoCTpaHCHHBIX MACTOMIIHBIX TeIBMHUHTO-
30B JXBA4YHBIX )XUBOTHBIX B ApMCHI/II/I. CrnencTBueM 3TOro 3a00JIeBaHMs SBJISIOTCSA CHHKCHUC po-
AYKTUBHOCTHU Y B3pOCJIbIX JXUBOTHBIX, 3aME€JICHUE POCTa U pasBUTHUA MOJIOJHSIKA, a IIPHU BBICOKOM
MHTEHCUBHOCTH MHBa3MH BO3MOXKEH MACCOBBIN MaJeHK 00ILHOTO MOJIOAHAKA.

Hacm6ume — Knew, — IUYUHKA — MOHUE3U03bl — 3apPas;iCeHHoCmb

Monieziosis is one of the most common pasture helminthosis in ruminants in Armenia.
The consequences of monieziosis are decreasing productivity in adult animals, slowing the growth
and development of young animals in the case of high intensity of invasion, a mass death of sick
young animals is possible.

Pasture — tick — larva — monieziosis — contamination

Swjwuwnwuh Swupwwbwneniuncd - gjnenwinnuntuniejwu uplenp nunnyuwiént-
pjntlltphg £ Jwelw-duwht  wbwubwwwhneintup, npp hwbpwwBunngegjuwl 2w
hwdwjuputph hwdwn hwunhuwunwd £ nuinGuwlwl pwnByGgniejwu hhdpp:

Swjwnup E, np nmwywnph pneédwl hwdwn wuhpwdtn U npn2 puwyhdwjwywl
gnpénuutn, hwwnywwbu wpnunwdwnptn, npuntn  YtunwuhuGpp unwunwd BU hjncpwih,
hwinjwwbu Ywuws Yepep, uwyuwu wpninwihtu wywhywéeph pupwgenid Ywd wjnuntnhg
pGpwé hudwé pununny YEunwuhuGphu YGpwynbihu huwpwynpnientt £ unbnéynd
npwug JwpwyyGine dh wne hGdhupngutbpny, npnug dbp wplnp wntbn £ gpwynud
onprwjwal npntphg' Cestoda nwuhl, Anoplocephalidae puinwuhphu L Moniezia utnhu
wwwlwunn (1891), npnénn ytunwuhutnph pwpwy wnheutpnud Jwywpniéynn’ npnbpnp:
hpElug qupgwgUwu pupwgend wju npntpp npwbu Jhpwuyjwyp wntp ogunwagnpénid Gu
hnnh JwyGntGuwhu 26npunnud Ywd pnyutph dGpdwnpdwwnwhU 2pswuncd wwnnn hnnwjhu
nqbphl, npnup wwwnwunwd Bu Oribatea dugesa (1833) GUrwlywnghl: YGunwuhutph
Jwpwynwdp JUnuptghnqutbpny wtnh E nuBunud  wpnunwdwiptpned, Gpp hnnh Yud
pnyubph hGuin Ywunwtd Bu hwpnighsh epenipubp (ghuinhgbpynhnutbn) wwnpniuwynn
ophpwwnhnwihl ingtphu:
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Qwdwbdwiu gpwywnyejwl ndjwiutnh, wpnunwywiptpnd ophpwwnhnwhu wngbph
wnwyneintup W npwlg  Unupbghwih  ppenippwiht - dubpnd  Jupwyywéniejntup
wwjdwuwynnwé £ ndjwp tnwpwédwnpswlh Yihdwjwywtu W Gnwlwlwihu gnpénultpny,
wlwulwwwhnuejwl Juwpdwl Gnwlwynyd W wyn wpnunwywyptpnud wpwénn npnénnutnh
dnUtghnqutpny  Jwpwyywoéniejwlu  hunbuuhynyzjwdp:  IGinbwpwp,  Unuhbghngqubph
wnpnunwywjpwiht juwupuwpgbinudu - hpwywlwgubihu  wuhpwdtun £ wju ulub,  win
tnwnwépltnh ophpwnhnwihl tnqtiph W npwlignid Untihtighwih hwpnighgutinh epenipltiph
wnywjnipjwl  nwuncduwuppnueniuhg  [2,3,5-7]): Gluging  JGpnhhgjwihg,  whuwwnwugh
Uwwwwyu En nwnuduwupptp  hwupwwtnnuywt Lnene W Upwgwénwnuh - Jwngbph
LGnUwhu wpnunwwinptnpu ophpwwnhnwhu ingtnh W npwugnd  Unbhtghngh hwpnighsutph
rPRNLpWhU dubph wnywinuzjwl UYwndwdp: Lwwwnwyhg plunn fuunhpu Ep unwgywé
wpryntuplbph - hhdwu  Ypw  Ywlpuwnglb, wnwdwph  Jdnin dnuhtghngh  huwnpwynn
hwdwwpwywpwlwywl pruyncdutbpp:

Ynip W dEpnn: IGnwgnuinnienilubpp Ywwnwnytb) U 2019 qunpUwlp, wdnwup, wplwlp,
hwupwwbwnyeywu Lnnne W Upwgwénnuh  Jdwpgbpnwd, npunbn  gjninunnbuncjwl Yuplenp
gntntphg £ hwunhuwunwd  wnwywpwpnwdnientup W wjt hwdwjupUbpnwd, npntn  wwphubn
aunnibwly  wwpwédyws Ep dnuphbghnqubp  hhywunnieiniup:  IGnwgnunnypjuwu Gu Bupwpyyb]
wpnunwywjntph, npwugnd Ysunwuhutph hwuquuwwnbntph, onGlwwnbntph hnnp W pnLuwdwdyp:
3Innh Udnpwnnidp Yuwwnwpyb) £ Jwybptuwhl 2tpnhgt wnwynunjwl dwdtphu, Gpp wnwybp wynhy
GU ophpwnhnwjhl ingtpp:

Uhusle 20ud tunpnipinituhg ytingyty Bu 50 g hnnh uh pwuh Udniputp, npnup hpwp fuwnutiny,
wnwludluwgyb| £ 100g pwpny Uhghu Udn: luninl wnwudlwgytb] £ wpdwwnubpny, npnkn hhd-
LUwywunwd nbnuywywséd U |pund dnuhbghwih hwpnighsh Uhgwiuyjwy nkptpp ophpwinhnwihu
wngtpp [1]: Opppwwnhnwiht wngbpt wnwudluwgytp Gu Snugntuh uwpeh Jhgngnd, huy Upwugnid
hwpnigh¢gh  ghunhgbpynhnutpp nhudt U Jwupwnhunwyny [4]: Unwgdws pqwiht nidwiutpp
GupwnyUt| GU LYwpwapwywu yhdwywgpwywu duydwl:

fetdwl Ywunwpyt) £ wbnngjwu Yynnuhg ghnwywu W ghinwnbhilhywywl gnpéniubnipjwu
wuwjdwlwagnwjhu (pEdwunhy) $huwluwynpdwu 18T-4A003 ptdwih 2npwlwyutpned:

UpnynLuplbip W puliwpyned: IGwnwgnnnie)nllubpp uyudb) BU wwphp wduhg W
cwpnibwyyt) vhugle uGwwnGuptph yGpgp: Wwphihu Lnnne dwpgh wpnunwywjpGph hnnh
hGunwgnuniejwl wpnniupnd TJ%nw hwjwnuwptbnyt, Gu Uhghup 124 hww wnhq, huy wn
unyu  dwdwluwywhwwndwénd  Upwgwénnnuh  Jwpgnd 98 hwwnn whg:  3Gnwqu
wJhuuGphu win Unyu  wpnunwdw)ptphg Lnnne Jwpgnud  hwdwwwinwuuwlwpwp
wnwUdluwgdty Bu 145, 177, 191, huy ognuwnnu-ubwwnbdptn wdhulbphu' 154, W 127
hwwn wnhg, wuhtpt nwpdw Yunpdwéepny wpnunwywjptpnd ingbph pwlwyubpp wwnht
wduhg waébind hp qugwprlUwytwhu E hwulnud hnihu wduhl W hGnwagqw wdhuutphu
Uywwynwd £ wgbph pwlwyh Ujwgnid: Lnyu GpunyeU wpbwlwgpynd £ Lwl
Upwgwénunuh dwpgned, Uhwju wiju tnwpptpniejwdp, nn wjnuntn -nLd wybih phs inhq
E hwjunuwptnytGl (wn. 1):

Unyniuwy 1. 2019p. puin wpnwnwjhu 2pgwuh wdhulGph wpnunwdwpGnh ophpwwnhnwihu wngbpny
Jwpwyywénip)nilp (ingbph pwuwyutnp 12 hnnn) M+ m, n=9

Cuwn wJuhuubph Cuwn nwpwéwpswultph
Lnnh Upwagwbnunlu

Uwpht 124 + 8.0 98 + 3.0
Uwjhu 145 £+ 10.0 117 £ 6.0
3nLuhu 177 + 6.0 151 £8.0
3nchu 191 £7.0 135+7.0
Ognhuwnu 154 + 7.0 119+6.0
UbwuwbUupbp 127+ 5.0 102 + 5.0
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3.2.LUNUGSUL, L3, arhan,fsuu, Wn. IUUNA3UL, Ud. GRhREUSUL, Y.L uUuunu3uL

Swny E pungéby, np wnngbph wnwybiwagnyu pwlwyubpp hwynbwptpytbp U wpn-
wnwydwjptph nng  nwpwéend, hwwnywwbu Ysunwupubph  Ynenwydwl  (hwlguunw-
Jujptph L gpGiwwntntnh) hnnned:

Ujn Unyu dwdwuwywhwwnywénid wnwlbdhl unnigytby BU ophpwwnhnwhu tingbpp
Unuhtighngh hwnnighsutiph pprNpUENNY Jupwyjwéniejwl Ujwwndwdp: buswbu Gplnud
E wn. 2-hg, Lnnnt dwpgnud wwphy wdupu hGnwgnundwd ngbphg 29-h Jnin Bu
hwjwnuwptndt, hwpnighsh ghuinhgtpynpnutn, hGnwaguwynud wwwnytpp Gnbp £ wilwtu,
huswbu wju Ubpyuwywgywéd £ wn. 2-nud, wyuhUuplu JhUsgle hnihu Uywngbp £ ingbpnud
ghuinhgtpynhnutph  pwlwywywl wéd, wjunthGnle  Lwanud: Lnyu  wwwnybpu £
hwjinuwpbnytp Upwgwsénunuh Jwpgned, uwywiu JGYy tnwppGpnuejwdp, np wyn Jwpgnud
ghuwnhgtinynhnutnny wpwyyws ingtinh pwlwlutnp Ynyuwyh phy thu:

Ujn Unyt dwdwluwywhwwnywénid punpnnuwpwn hbwgnnt) Gup wyn twpwoée-
utpnud gunuynn tnwywph wnpunwenpwlpp: 3Gnwgnindwé tnwywpp 77 % Jupwyjwsd En
Unuhtghng hhywunniejwdp:

Unyniuwy 2. 2019 pun wnpnuwhu 2pgwlh wdhuubph ghuinhgtpynhnutnpnd Jupwyywé
onhpwwnhnwhu tngtph pwlwyutbpp UUnNW) M +m, n=6

Cuwn wJhuutph Cuwn nwpwéwppswllbph
Lnnh Upwagwbnunu

Uuwphy 29 + 1.0 21 £ 2.0
Uwjhu 32+ 1.0 22 £ 1.0
3nLlhu 42 £ 2.0 27 £ 1.0
3nLhu 39 £2.0 28+ 2.0
Ognhuwnu 36 £2.0 26+2.0
Ubwwbdpbp 25+ 1.0 18 £2.0

Cun nwpyw wdhultph W Bnwuwyubpp hGwnwgnunywé Gpyne dwpgbph wpnunw-
Jwynbpnd ingbiph pwlwyutpp W npwugnid hwpnighsh ppenipwihu denph wnyuwyniejwl
tnwwnwuncdutpp, hwjwuwpwp, wwpdwuwynpywé B Gnwlwywihu wwydwuubpny W
yrthdwjwywu wnwuduwhwwnynieniuubnpny: bp Ythdwyny Lnene Jwpgp wyGih funuwy E,
pwl Upwgwénuuh dwngp W hEinliwpwp hnnh funbwyniegniup ywydwulbp £ untnénd
hnnnwd W pnyubph wpdwwnwdtpd hwndwsubpnud ophpwnhnwihl ingbph Yninwydwu W
pwgUwgdwu hwdwp, npp pwgwywnid £ Upwgwdnnuh  Jwpgnud, npuinbn Yhdwl
hwJtdwwnwpwp wybh nwe W ¢np E:

Wuwhuny, Lnnne W Upwgwénwnuh dwpgtpnid ophpwwnhnwihl wngbpny wnwyt-
(wagnuup Jwpwyjwsd Ep yeunwuputbph hwlquunwwnbntph W opGwwnbntph hnnu no
ununwéwéyp, npu puwn twpyw Gnwuwyutph twihu Ep - lwnwunwdutn:

Ywnbh E Ggpuywguty, np nw wwpdwuwynpjwé £ wju hwugwdwlpeny, np YGU-
nwuhuGpp Gpywn dwdwuwy guuytGin hwluguinwwnbntpnud W opGluwnbnGpnud  wp-
wnwquwntiny hwpnighgh hwundu, ddGpny (Egnitu hwndwdéubn, huy yepghUutnpu, puyuting
qgbwupu, yEunwuhubph nunptph wwy, wwwnynd GU W 6yGpp hwuwlbh BU nwnunud
ophpwwhnwiht wgbphu, npnbn W wpnibwyynud Bu npwug qupqugdwu  hwgnpn
thniGpp:

Ujniu  wnwUdUwhwwnyniejntup Yuwywunwd £ Upwlnwd, np Swjwunwlh - wwj-
Juwuutpnd ophpwwnhnwjhtu ingbph wnwytwgniu pwuwynipntup hnnnud W jununwdwé-
ynud wpéwuwgnynwd £ qupuwup, npp hwywuwpwn ywjdwuwynpywé £ hnnh pwpan
funuwyniejwdp W thupniunwejwdp: Wu  wdtup bwwuwnnd £ hnnnud - prywéduh
Ubppwthwlugdwup W wngbph hwdwp wuhpwdtywn ulbnwuinyetph wnywjniejwun, npp
hGwnwagwnd bjwgnid £ gbpndwunhéwth puwndwgdwlp gnigplpwg:

GluGind hGwmwgnunientllbnh - wpnntuputphg, Unuphbghngh  Ywupuwpgbdwl
Uwwuwwyny funphnipn £ wpdnud qupwll wpnunwwinptphg éncup hwpdgineg wudh-
swwbu hGunn wwpuwnhp unngbp wpnunwywiptph hnnp, npuntn bwhiopne wy wnw-
phubphu gwuyt U Yeunwuhutpp: 3nnnud dnuhbghngh epenLpwihu dubpny Jupwyyws
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LNNNh 69 UruaunNsub UUr26rk UPNSUMUSPErh GLURUSUYULE UNLhE2hULENh BPENFALEMANY YUrULUYUGS. .

ngbp hwjnuwpbpbine nbwend® Ywwnwptl.  YEunwuhubphu  wpnn hwubintg  wnwg
thaJwprwiht], tpbe on wwhb, wuwulwptupbnnid, gndwnpp hwjwpet) W Gupwnyt
YEuuwetbpdwihu  Wwydwu: SYyw| wpnuinwdwiptpnd  wgpninbhubhyuywl  uyndutn
Jwuwpbint  wuhuwppunigjwu  nbwenwd,  YEunwuhubpht  dhdjwpewit,  Uwhunpn
6hajwrwihniejntuhg 15 on wug, 3 op wwhb], dwdwlwlywynp hwlguinwywinptpned, huy
gndwnpp Unyu alnyd Bupwnyb, Jwpwywgbnédwl: Wplwup Junipwihtu wwhywéphu
wlgubintg wnwy uwnnwgt] wpnunwywjnptph hnnp W ytGunwuhubph ynwuep, hwnpnighsh
agbp  hwywnbwptbnpGine nbwend  dhJwpwih, W Unp  Jhwju  wlglb  Juncpwihu
wwhywéphu, Ldwu Jhengwnnidubp  wuwnbunipjniunid 2 vwpdw Yunpywdeny
Yuuwpbine nGwenud wpnunwdwnptpp thnyphu - yuwqunygbl unuhbghwih epenipwihlu
albpny Jwpwyywoédnipyniuhg:

aruuuuvniE@3ntu
1. Lwnupjwl 3.2. YGunwuhUbph hujwghnu hhywunnieniuutp: Gplwu, 2006, Ep 21-23:
2. Huxumun B.®., [{yoka H.C. MeTonuueckue MoJIoKeHHs 110 MPOPUIAKTHKE OCHOBHBIX
TPEMAaTOoZ030B KPYITHOTO POraToro CKOTa IPH IMAacTOMIITHOM coziepkaHuu. M., A3 muioc,
c. 18-28, 2012.
3. Onyghpuenxo M.J. @acrpones kpymHoro poratoro ckora B CeBepo-3amnagHoM perroHe

Poccun — CITI'ABM, c. 47-49, 2003.
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Lwjwunnwih QhuneynibOtph Uqquyhl Uywnbdhw Lwjwunmwih Yehuwpwlwwbh {wbhnbu
HauuoHanbHan Akasemus Hayk ApmeHuu BuoAaoruueckul XypHaAa ApMmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

cOnpéwpwpwlwl W inkuwlwl hnndwélbn « IxcnepumenmanvHbvle u MeopemuiecKue Cmamovu®
*Experimental and theoretical articless

Swjwuwmwuh YEuuwp. hwuntu, 4 (71), 2019

undnruyuu urvasunt (LIGUSTRUM VULGARE L.)
suuuuvanteh ursuarnre3ntue 64 uradnfuudesnr@aniue
~USOMR3U 3IpArNMNLAYUSH MU3UULLENNIU

u.3. 3IN4UGO3UL, h.U. UU3NPUMEGS3UL, 4.3. MN1NU3UL,
u.u. ELN3UV, U.U. GabhU2Ur3uv

33 QUU Q.U.YMwuypywlh wldwl hhnpnwynuplyuwyh wpnp Gdutinh huuwnpwnnean
hydropinstitute@gmail.com

PwqUwdjw thnpétph wpnyniupnud (2014-2018 pr.) dpwyyt) £ unynpuwywu upugtunt (Uhw-
npnutlnt) (Ligustrum vulgare L.) wuyhubph wuhnn wébtgdwl wpuwnpnipjwl YEuuwnbuuninghw:
Mwnqybi £, np pwgopjw hhnpnunuhywih wwjdwuutpnud hpwphuwihu fuwpwd (gwlnyend  1-2
wnwnnid huwpwynp £ Jhwynp Jwytptuhg uinwlwy 84-113 hwwn nlyhubn® wnwug wedwu fupwlhgh
ognwgnpddwl, W 95-128 hwwn nluyhutn® wedwl fupwuhgh ogunwagnnédwu nbwpenid, Yndwintbiny
LUwl unwunwpwn wnuyhutph unwgdwl dwdytwnp UGy wnwpny W dwhuutpp® 2-3 wuqud: Wuwhuny,
hwdwywpgywéd Uhegngwnnidubph 2unphhy, pwgorjw hhnpnwnuhlwih wwjdwulbpnwd, dtp ynnuhg
Buwyywé Yeluuwwnthuninghwu wpnyniuwybin £ W hrwulywnwihU, hugn Ywnpnn £ hhdp hwunhuwlwy
unynpwywl upugtunt tuyhutph wnwyt| wpnntbwytun wpunwnpneentu jugdwybpwtine hwdwn:

UnluqbUh unynpwluwli — inbulyh — hhnpnunuplyw — wadwl fupwlhs — ublnwinLdniype —
YEUuwinbuuninqhw

Meuoroseraumu skciiepumertamu (2014-2018 rr.) pa3paborana GHOTEXHOJOTHs Oecroy-
BEHHOT0 TMPOKU3BOJICTBA CaKeHIIEB OuprourHbl o0bikHOBeHHOM (Ligustrum vulgare L.). BeisicHeHo,
4TO B YCIIOBHSIX OTKPBITOM FHIPOIOHUKH B CYOCTpaTe BYJIKaHWYECKHHU LUIaK B TedeHue 1-2 jer ¢
€IMHUIIBI IUION[aqu 0e3 UCIONB30BaHMsl CTUMYJSITOPAa pocTa MOXHO nonydars 84-113 mTyk ca-
JKCHIIEB, a ¢ ero npuMeHeHneM — 95-128 miTyk, yMEHBLIMB CPOKHU IMOJIyYEHHs] CTaHIApPTHBIX ca-
JKeHIeB (Ha oAuH roj) u pactpatsl (2-3 pasza). Takum oOpa3oM, Grarogapsi cMCTEMaTH3UPOBaH-
HBIM MEPOIPHUATHUSM, B YCIOBHAX OTKPBITOH TMIPOIOHUKH pa3paboTaHHas HaMU OMOTEXHOJIOTHS
3¢ (}eKTUBHA ¥ MEPCIEKTUBHA, YTO MOXET CTaTh OCHOBOW JUISl OPraHH3allu¥ MHTEHCUBHOI'O IIPO-
H3BOJICTBA CAXKCHIIEB OUPIOYUHBI OOBIKHOBEHHOM.

Buprouuna 0bvikHo6enHas — cadceney — 2UOPONOHUKA — CIUMYIAMOD POCMA —NUMAMETIbHbLI
pacmeop — OUOmMexHon02us

The biotechnology of soilless production of saplings of wild privet (Ligustrum wulgarie
L.) was developed in the result of long-term experiments (2014-2018). It was revealed that in
open-air hydroponic conditions during 1-2 years it is possible to receive 84-113 saplings from a
unit of surface without use by growth stimulants and 95-128 saplings with use of growth
stimulants in volcanic slag substrate reducing the time of standard saplings obtaining (by 1 year)
and expenses (2-3 times). Thus, due to systematized activities in open-air hydroponics the
biotechnology developed by us is efficient and promising, and can become the basis for
organization of the intensive production of wild privet.

Wild privet — sapling — hydroponics — stimulant — nutrient solution — biotechnology
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W.3. 3NYUGO3UL, hu.U. UUSrUNES3UL, 4.8. "NNNUSUL, U.UL ELNSUL, W.U. BAhU2UN3UL

Swjwuwnwuncd  wnhpnn nunbuwywu dguwdwdh hGnlwupny Yupndy Jwnpw-
pwgywd Eyninghwywu yhdwyp upnud £ Ywlwg tnwpwdplbph yepwywugudwl nu pun-
(wjudwl hhduwhwpgtpp, nph (nedédwl  hwugnigwhu onwlyp  Swnwpthwnbuwyukph
wnuyhubph wpwg  wpunwnpnujwu Yuqdwybpwnwdu £ @hwnbuwyubph Uyundwdp
nlubgwéd Jb6 wwhwlgwpyp uwlyuwjt pwywpwpynd £ Jhwu Jwuwdp, npnghtunl
wnuywuynieh wpunwnpnyzjwl Ubpyw dwywip ntnlwu htnnt £ pwdwpwn hubinig:

Ipnpnwnupywl pny £ twihu ubwgtp hnnuihu nuncpultpp W 2wun Ywpd dwd-
yGund (1-2 wwph) Yuguwybpwtp nuywunieh wpwgugywéd wpunwnpnieinil, husp
huwpwynpnie)ntl Ypudbrh unbndtp Unp Ywlws wnwpwéplbn W Gpwywuglty optgon
Unupwglnn Jwuwg wnipwyutpp: NunudUwuhpyty £ upugbune wbypubph unwgdwlu
huwpwynpnipyntup W wpnyniwdGunnge)niup wuhnn uwynyeh  wwydwulGpned:
Upugbuhu pwpép gbnwquwpn phwnbuwy B wnwlbdlwwbu dwnydwu W wwnnubph
hwuntuwgJwu 2nswuncd: Lwy funtgynid £ W dlewdnnyned, nph unphhy oguinwgnpéyned £
Julwswwwwndwl Jtg' nwpptbp Yyndwnghghnu dlwynpynidutp, huswbu Lwle YEunwup
gwuywuwwuwnbp unbnétint hwdwp [1, 3, 4, 6]: UpugtUhUu pwgdwgunid Gu Yunpnuutpny W
ubpdtpny:  Cunhwupwwbu, pthnunutph  wuywunygeh  hnnwhu - wynwdp  fuhun
whuwwnwwnwn k£, huy wuyhubpp Gep Jhwynp Jwytpbuhg' 2w gwén [4]: Unynpwywl
Gnwlwyh nbwenwd 1 hw Ypw nuywnpyyned £ 28-50 hwqwp Yunpnu: Gppbdu Yhpwnnod Gu
dwwwytUwaél. nulywnyp, npp huwpwynpnientt £ wwihu wnuupytp 75-90 hwqup
ywpnu [4, 6]:

Lbpywjnudu wnwglwhtpp W hpwwnww fulnhp £ nwpdbp wuwnwnutph W Yuwwg
wnitpwyubph  unbnédwu  nu JGpwywugudwu  6pwgpbph  YGuuwgnpdnudp: Lpwé
hwugqwdwupl wuhwdbdwwn Jtswgunwd £ Swnwpethwnbuwyubph wnuyhubph wwhw-
swnyp Jtp Gpypnud W £ wybh upnud npwug dwdwuwywyhg Gnwlwyny wnpuwnpnyejwu
hhduwhiunhpp: luunph  (nLédwlu gnpénud hp npnyu kN nluh pnyubph - withnn
Bwynyep' hphnpnwnupywl, npp  huwpwydnpnueniu £ wwhu upé  dwdytunnd
YwaUwybnwt] tnuywunieh wpwgwgywsd wnunwnpneejnl [2, 71:

Swpyh wnutiny upugbunt tuywuneh wyjwunwywu Gnwlwyny wpunwnpniejwl
nnn2wyh nddwnnienlulbnp (uwn, thhupbgnud, pwnhwl, nnngnud W wyil) [4] W UGpYwihu
wwhwlswnyp, dtGp Ynnuhg dpwydb, E uplugBunL wlyhubph wuhnn wpunwnpniejwu
yEUuwwnBhuuninghwi:

Unepe L dbenn: (Ligustrum vulgare L.) dhptUwaqghUtph (Oleaceae) punnwuhphlU wwwnywlnn,
hutnwwntple, shwnuwldwl, fjunpnp eneth £ Yw upugtUne Unin 30 inbuwy: Swpwéywé U puntiuwnl,
wpliwnwnéwihu W Jdtpéwpliwnwpdwiht  gnuinhubpnud: Stpllwpwt uwd  Wunwnwwnp pthep G,
GppbUu ng UGS Swnbp: Stplwnwuwynpnugyniup hwywnhp E, wbpllubpp wwpg Bu, Ehwuwable,
Jupytlbnw Ywd thwynu: Swnpyubpp Gpyubn Gu, hwjwpywsé hnipwtubpnd Ywd nnynyqutpnud®
Swnywpnytpnud: NLUph ognwgnpdUwl pwdwyw jwiu wuwwnpbq, oginwgnpdynid £ uwle pdoyniejwl
UGy (inbplwltph Gthnyp): Munnnutiphg unwunwd Bu ywpdhp, Juwnywn W wy ubpytn [3]:

IGwnwagnunieinluubpp hpwywuwgytbp Gu 33 AUU 4.U. Ywdpjuuh wudwlu hhnpnwnuhyuwih
wpnpltUutph  huunhwnnunh  hhnpnunUhywywu  thnpéwpwpwywt  Yuywunwd  (2014-2018  pR.):
Undnpwywl upugtunt  wuyhubpp  pwqdwgdt] Gu  JGgGunwwhy  dwuwwwphnyd  (upnuuGpnd):
Pwquwguwl wju tnwlwyh wnwybnienul wiu £, np pnyubpl wénw BU wpwa, 2nwn BU Swnynwd W
wwnnwptpnd, hpug hwnynipintuupnyd (phd bdwuynid G Jwyn pnijuhu:

Ywnpnultph hwdwn punpygtp U Jhghu wé niubgnn dhwdjw 2hy6p, npnup debpdG) GU w)-
Lwup Ywd Jwn gqwpuwiup W fupwdwwnwynpdbp funtwy  wdwagh Jwd hnnh  JGp, npuinkn
stpdwuwinh6wlp 2-5°C-hg swbwp E pwpépwlw, npnyhtnl tnweniejntuhg wgebpp pwgynd BU W
ywnpnunwd Bnwé ulunwunyebpp dwhuuynid Bu, nph hGnliwupny Yunpnulbpp Ywpnn Bu sgwpdw-
nwywit: enpéwpyuwl hwdwp upugbunt YunpnUubpp Uebpyt) Bu qupuwup W fupwdwnwynpybi:
Suywnyp  Ywwwpytp £ wwphh wnwghlt Ywd  Gpypnpn wwubiopjwyhl,  Gpp jgwljnieh
stpJwuwinh6wlp tnk| £ 8-10°C:

fupwdwwnwynpdwsé jncpwpwlgnip Yunpnuhg wwwnpwuwnyby U 10-12 ud Bpywpnuyjwdp 3-4
hwugnryg nitubgnn Ywpnuutn, npnug  $hghninghwywl  funuwynieintup wwwhndGine W Yuysn-
nwywuntpniup pwpépwgltbint bwywwwyny 18-20 dwd npdb6l GU undnpwywl onpnid, huy npwbu
wddwl tupwuhs (W) oginwgnpdyty E hGinbpnwinweuhuh 0,02%-wlng [nLénue:

Cunhwupwwbu wnuywpwuutpnd Yunpnlutbph tnuydwl funngegniup yuhuwé £ ndjwp hnnw-
Yhdwjwywl  wwpdwuutphg, dowydnn pnyubph YELuwpwlwywl  wpwudbwhwwinynipinlbphg,
Uhpwnynn wapnintulihuihg W wyil [3]:
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undnruuydu UrLacunk (LIGUSTRUM VULGARE L.) SLUUL3NF@h UPSUNNFR—SNFLE B9 UNMSNFLUCMESNFE@SNFLE. ..

Uuhnn dwynypnwd pnyubph nnuydwu funnugjuwu W dhgpnijuwihu tnwpwédniejwu hwngp
JGpwgynid £, pwuh np wyu nbwend dhgawnpw)jhu thfuptgdwl, pwnhwuh, wwpwnpunwgdwl, spdwl
U wyj wphuwinwuplbph hwdwn nwnwépe sh wwhwugynid: Wu hwuqwdwupp eny) £ nwihu jhwupdte
oguwgnpdty  hhnpnwnuhynwlUbph  wwpwéep, npwuny  huy  pwpépwgut) Jhwynp  Jwytptuh
wnryntbwybunneeniup:

Mwwnpwuwnh Yupnlubpp nuyuwnydty Gu gluewn, giuwpwn + hpwphuwihu uwpwd (1:1 hw-
nwptpniejwdp) W hpwphuwihu fjuwpwd (guunietpnud, npwbu unnwghs Swnw)tp £ hnnwjhu Jw-
ynyep, npintn wwwhnyyty GU pninp wgpnunGiubhyuwywu Ywunuutnp [4]: Suwnyp Ywwwpyby £ 100,
120, 140, uinnighs hnnntd* 30 YupnU/d? utubdwny;

Uluunwinwényep wywwnpwuwnyb) £ hwdwéwju &.U.Ywyrejwluh wnwowpywsd ullnwunwppbph
Yuwaquh [5, 7]: Uuunwpwp [nuénypp wupdtb) £ qupuwup W wdnwlp opwywl 1-2, huy wplwlp' Uty
wuqwd, npU wunhtwlwpwp wwywubgutin hwugyt] £ wwulopjuynwd UGy wugwdh: Suyhutph
autnUuwl Uwhiwwwwnpwuwinbne bywnwyny, wplbwlp ulUunwpwp neényehg wdpnnswwbtu hwuyt) £
wgnup' 24dbph hwuntbwgnidp  (hwjinwignidp) wwwhnytine hwdwn: Jvbgbinwghwih pupwgentd
thnpéh pninp wnwppGpwyutpnud Yuwnwpdbp £ $Guninghwywl nhnwnpynwdubn W YsLuuwdtwnnhy
swithnuJutn:

UpnynLuplubip W puliwpynid: Unwgywé wpnyniuputpp gnyg Bu iy (wn.1, Uy.
1, 2), np upnuubph Yugnnwywunienup W wéh nidqunie)nill, pun Whu-h wgnbgniejw,
thnpadwpyywé (gwlynietph W wnuwpyp fuinnuejwl, tnbp U tnwpptn:

LY. 1. Upugtunt Uhwdjw wnuyhubpp pwgorjw hhnpnwnuhlwjnwd

Lwywagniu Yusnnwywunipnit £ wwwhnydbp 0,02 %-wung Ul W hpwphuwhu
fuwpwd nwppBpwyp (wn.) (92-95 %), husp pwgwwnnynud £ Uhu-h wgnbgniejwdp, (gw-
Uneh pwnép gpwywunnnipjudp W npw hwdGdwwnwpwnp phs tnwpwgdwdp: Quupwn
[gwljncep, Ylwubind hwdtdwwmwpwnp phg onip W 2w tnwpwlwiny, Yugnnwywuniejwl
gwén nnynu £ wwwhnyty (78-81 %), huy wah gnigwuhubpny punép E (wnwsehu twnpnud®
39-46 ud, 6-7 ud, Gpypnpn wwpnud® 95-103 ud, 11-12 JJ pwpépnipjudp W puh
nnwdwadny) (wn. 1):

®npéwnywsd (gwunietphg W wnbwnyh funnuenillbphg upugune wpdwwnw-
Ywiutph hwdwp (wywgnyuu £ 0,02 %-wlng wéh tupwluhs ogunwgnndywd hpwphuwhu
huwpwd nwppbpwyp, npnen 1 LIZ-hU 120-140 Ywnpnu nuywnyh nEwend wwwhnynud £
112-129 hww wuyhubph G hnnuihu 19-22 hwwh nhdwg (wn.): 140 LannnU/LI2
fuinniejnluhg pwnéph nGwenid, pun JGp thnpdbwywl ndjwiubnh, wnuyhubph hwudwu
dwdwlwy, wpdwwwihu hwdwywpgp 66 huinnipjwl wywwndwnny, ndywn £ puwdwuyned,
Juwuynwd U Unipp wpdwwlbpp, npp wpnn £ hGlwquinud  pugwuwpwn  wgnby
wnuyhutpph Ywsnnwywuntejwu ynpw:
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LY. 2. Upugbunt Gpywdjw wnnuyhubpp pwgorjw hhnpnwnuhywjnwd

Ujuwhuny, J&n ncuncdbUwuhnnipjwu wpnyniuplbpp oy BU ndb) Ggpwywguty, nn
wuhnn duynyenid, hpwphuwiht fuwpwd ([guwuneh tnwppGpuynd nuywuynyeh npuyh

pwnapwgdwln - gnigplpwg,

upnuubph JG&  punnupjwt (120-140), Uku-h, pwpép

Yugnnuiwunuejwl (92-93 %) W huntluhy wéh (wnwehU tnwnnud 41-43 ud, Gpypnpnnwd®
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HOBBIE HAXOJIKH PEJKUX ) KABPOHOI'NX PAKOOBPA3HBIX
(CRUSTACEA: BRANCHIOPODA) LEPTESTHERIA DAHALACENSIS
(RUPPEL, 1837) (SPINICAUDATA) U BRANCHIPODOPSIS
TERPOGOSSIANI SMIRNOV, 1936 (ANOSTRACA) B APMEHUHA

C.A. AKOIISIH, M .10. KAJIAIIIAH

Hayunwii yenmp 300n02uu u euoposxonroeuu HAH PA
susannahakob@gmail.com; mkalashianl@gmail.com

TIpuBOSATCS CBEACHHUS O HOBBIX HaXOJKaX »aOpoHOrux pakoodpasubix (Crustacea: Bran-
chiopoda) Leptestheria dahalacensis (Ruppel, 1837) (Spinicaudata) u Branchipodopsis terpogo-
syani Smirnov,1936 (Anostraca) B Apmernu. Oba Bua paHee ObUTH U3BECTHBI JIMIIb U3 Apapar-
CKO#t TONMHBI. ABTOpaMH IMpeJcTaBieHo HoBoe Mecrooburanue L.dahalacensis B Ceseproit Ap-
MEHHH; JUI BTOPOrO BH/a OOHApY)KEHO HOBOE MECTOOOMTAHHE B Npezenax ApapaTcKOi JOJIMHBI.
O0a BHIa paccMaTPUBAIOTCS KAK PEJKUE U 3aCITy)KHBAIOLINE CIICLUATIBHBIX MEP OXPaHbI.

JKabponoeue paxoobpasuwie — Branchipodopsis terpogossiani — Leptestheria dahalacensis —
Hoe6ble MeCMOHa)CODIC@eHMﬂ — ApMEHuﬂ

PEnynd  BU  nuiubp  Swjwuwnwunwd  furhywnun pubggbnbwybpwbph  (Crustacea:
Branchiopoda) Leptestheria dahalacensis (Ruppel, 1837) (Spinicaudata) W Branchipodopsis terpogosyani
Smirnov,1936  (Anostraca) Unp guwénubph Ybpwpbnwy: Wnwehu Gpyne wnbuwyubpp Uwhuyhuncd
hwjwnth Eht Jhwjt Upwpwinjwl hwprpwdwiphg: UepYwjwgwé E L.dahalacensis inGuwyh Uunp ww-
nGlwdw)p 3ncuwhuwihtu Iwjwunwuncd; Gpypnpn inGuwyh hwdwp  hwjinwuwpetndt, £ unp ww-
nGlwdwn Upwpwwnjwl hwppwdwinpnid: Unwehu Gpynt wnbuwyutpp hwdwpdnd Gu npwtu fuhuwn
hwqwywnbw W hwwnnty ywhwwuntejwl dhgngwnnidlbn wwhwlgnn $wniuwih tnwnptn:

tunhljwnwn fubgqtuntuwybnwtn — Branchipodopsis terpogossiani — Leptestheria dahalacensis —
unp quwénubn — Iwywuwnwl

New data on the findings in Armenia of fairy shrimps (Crustacea: Branchiopoda)
Leptestheria dahalacensis (Ruppel, 1837) (Spinicaudata) u Branchipodopsis terpogosyani
Smirnov,1936 (Anostraca) are given. Both species were previously recorded in the valley only.
New locality of L.dahalacensis in Northern Armenia is presented; for the second species the new
locality inside Ararat valley is found. Both species are considered rare and need special
conservation measures.

Fairy shrimps — Branchipodopsis terpogossiani — Leptestheria dahalacensis —
new findings — Armenia

Kiacc Xabponorux pakooOpasnbix (Branchiopoda) — 3o mopdomornaeckn pas-
HOOOpa3Has TPYyIIa 3KOJIOTHYECKH BaXKHBIX, MPEHMYLIECTBEHHO NPECHOBOIHBIX Opra-
HU3MOB, OKaMEHEIOCTH BBIMEPLIMX MNPEICTaBHTENEH KOTOPBIX BOCXOIAT K BEPXHEMY
keMOpwuto (520 MmuTHoHOB JeT Ha3an) [16].
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HOBBIE OBHAPY)XEHHS PEJIKMX dKABPOHOT'MX PAKOOBPA3HbBIX (CRUSTACEA: BRANCHIOPODA) LEPTESTHERIA...

B Apmennn sxabpoHorue pakooOpa3Hble BCTPEYAIOTCS! CPABHUTEIBFHO PENKO U B
O4YeHb HEMHOTUX BojoeMax. [lumieit ;xabpoHoram ciykaT MUKPOCKOIIMYECKHE BOJIOPOC-
JIM ¥ MEJIKHME YaCTHUIIbI pa3Jiararoleicsi OpraHuKy.

Jlucronoruii padok Leptestheria dahalacensis (Ruppel, 1837) npunamiexur ce-
MmeiictBy Leptestheriidae orpsina Spinicaudata. THX pauykoB Ha3bIBAIOT KPEBETKH-MOJI-
JIFOCKH, TIOCKOJIBKY MX TEJIO 3aKIIOYEHO B MAHIWPh WIIM PAKOBUHY, KaK y MOJITIOCKOB.
[MaHIMPh MOXKET OTKPHIBATHCS U 3aKPBIBATHCS C MMOMOIIBIO CBA3KU U OOBIYHO UMEET KOH-
HEHTPUYECKHE KOJblla pPOCTa, MHOTAa HezameTHble. OOHWTaeT B MEJIKHX, MOCTOSHHBIX
WM TIePEChIXAIONMX OCHBIX XHIIHUKAMHU MPECHOBOJHBIX BOJOEMAaX Ha TEPPUTOPHH
osieirero CCCP u Epponsr [5, 11]. B XX Beke cnienuaibHO 3aCelisyics B BOJOSMBI B Ka-
YeCcTBE KOPMOBO# 0a3bl IS POMBICIOBBIX BUIOB PhIO [3]. BHI MOHOIMKIINYECH.

Jpyroii Bua kinacca sxadpoHorux — Branchipodopsis terpogossiani Smirnov,1936
npuHAUISKUT ceMeiicTBy Branchipodidae orpsima Anostraca. 3T1o oburaTenu BpeMeH-
HBIX BOJOEMOB W JIyX, 00pa3yloIIMXcs BECHOW B apuUAHBIX paiioHax. [IpencraBurenu
3TOTO ceMelcTBa HIMPOKO pacipocTpaHeHsl B Azuu [10, 15], a Taxke B FOxHol 1 Boc-
tounori Adpuke [8,13].

Pox Branchipodopsis Ha tepputopuu Poccuu u conpeebHbIX CTPaH MpeacTas-
nen 2 Bugamu: B. affinis G. O. Sars, 1901 u B. terpogossiani. Bug B. affinis pacmpocr-
paneH B 3abaiikanse u B Monronuu [3, 10]. Bux B. terpogossiani murme, kpome Apme-
HHH, He 0OHapyxeH. O0a Buaa OJIU3KU MO CBOEH MOP(OIOTrKH, YTO YKa3bIBaeT Ha CBSI3b
(ayns! 3akaBkasbsi ¢ payHol LenTpanbHoii A3un.

Sliina )xaOpOHOrMX MOT'YT BBDKMBATh BO BPEMsI 3aCyXH HECKOJIBKO JIeT. AHOCTpa-
K{ OT(UIBTPOBBIBAIOT MUITY U3 BOABI BO BpeMs IUIaBaHHUS, a TAKXKE CUMIIAIOT BOJOPOC-
JIU ¥ JpyTHE OpraHnYecKrue MaTepHalIbl ¢ TBEPAbIX HoBepxHocTei [7] . B otpsan Anostra-
Ca BXOIWT TAKKe IITMPOKO PACIIPOCTPAHCHHBIN B CONICHBIX BogoeMax Bum Artemia salina
(Linnaeus, 1758).

WNudopmanus o pacnpocTpaHeHUH >KaOpPOHOTMX pPakooOpas3HbIX B ApMEHHH
(parMeHnTapHa, MOCKOJIBKY CHEHMANIBHBIX HCCIEI0BaHUI nX MectooouTanuit ¢ 20-30-x
TOZIOB MPOLIIOT0 BeKa He MPOBOAMIOCHE. KpoMe Toro, oOHapyxeHHne padykoB 3aTpyIHH-
TEJBHO M3-32 X KOPOTKOI'O JKM3HEHHOTO IMKJIA. B CBS3M C M3II0KEHHBIM CUUTAEM II0-
JIE3HBIM IIPEJOCTaBIICHNE HOBOM MH(pOpMaImu o dayHe ApMEHHH 10 3THM CBOeoOpa3-
HBIM WICHHUCTOHOTHM.

Mamepuan u memoouxa. IloneBpie cOOpbl OBUIM IPOBEAEHBI COTPYIHUKAMH J1a00paTo-
puu suromonorud HI3I'D HAH Apmenun B paMKax IOJIE€BBIX Pa0OT pas3IdYHBIX MIPOEKTOB. JKu-
BOTHbIE OTJIABJIMBAJIMCH cauykoM U (ukcupoBanuck B 70 %-HoM staHone. PaccmaTpuBaembie BUIbI
ObLTH 00Hapy)eHbl B Jlopuiickom u ApMaBupckoM map3ax (taom. 1).

Taomuna 1. HoBble MecTa 0OHapy>KeHUsI BUIOB OPaHXHUONO B ApMEeHHN

Bun Mecro Haxonku [Hara Koopaunarst
Leptestheria dahalacensis Jloputiickas o6nacte Bo- | 24 mast 2014 | N41.11337
(Ruppel, 1837) JoeM B GacceitHe peku E44.65330

Heben, y noporu k cemy
Mapan, Ha BeicOTE 838 M

HaJ yp. Mops
Branchipodopsis terpogossiani | Apmasupckas 061acTb 04 mas 2013 | N40.20670
Smirnov,1936 Jlyxa Bou3u cena XaH- E43.98840

JKSIH B OacceliHe peKu
Apakc, Ha BeicoTe 924 M
HaJl yp. Mopsi
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Pesynomameol u oocysycoenue. Bunvl L. dahalacensis u B. terpogossiani BiepBbie
B ApMeHHnH ObUTH 0OHapyXeHbI n3BeCTHBIM 300510roM A.b. IllenkoBHUKOBBIM B 1923 T.
B Apaparckoii nonuHe y cena Cappapa6at [4]. Kpome ynmomsaytsix BugoB, A.I'. Tep-
[orocsiHom [4] ObLIM OTMEYEHBI J[Ba APYTHX BHA OPaxHIlON: OY€Hb MHOTOYHCIICHHBIE
ocobu Streptocephalus auritus Brehm, 1954 [=torvicornis (Waga, 1842) (sensu Hamer
et al., 1994)] cemeiictBa Streptocephalidae orpsima Anostraca u 1 sx3emruisap Triops
cancriformis (Bosc 1801) cemeiicta Triopsidae orpsina Notostraca.

JanpHeiimue uccnenoBanusi, nposeaeHubie B 1933-1935 rr. A.I'.Tep-TlorocsiHom
u B 1940 r. I'. AsussHOM, TOKa3aju, 4TO B JOJUHE peku Apakc B OKTeMOepsHCKOM
paiione BcTpeuanuch B. terpogossiani, S. auritus (=torvicornis) u T. cancriformis, a B
Barapmanartckom paiione — B. terpogossiani u L. dahalacensis [4].

[loznHee wccnenoBaHusl MOMYNALMEA >KaOPOHOTMX PakooOpa3HbIX ApPMEHUHM HE
NPOBOJIMIINCH, ¥ HOBBIE CBEICHHS 00 MX PACHpPOCTPAHEHHH B CTPaHE OTCYTCTBOBAIIM.
Tonbko B 2013 1. B ApapaTckoii JoauHe B Jy)Ke BOMH3H cella XaHMKIH ObUTH 00Hapy-
eHbl 6 ocobeii B. terpogossiani (3 camma u 3 camkwu), a B 2014 1. Ha ceBEPO-BOCTOKE
Apmennu B 6acceiire pexu Jleben Osutn o6Hapyxenbl 3 ocobu L. dahalacensis.

B KOHTpOJNIbHOM IepeyHe Anostraca [6] xkaOpoHOr 3 ApMEHHH MPEACTABICH KakK
Bux B. terpogossiani Smirnov, 1936, ¢ orosopkoii, uto, HecMoTpst Ha To uro Hartland-
Rowe [9] cuutaer manubii Bu cuHoHuMoM B. affinis, aBTopsr KOHTpONIBEHOTO TIEpEUHS
CUUTAIOT OTY CHHOHUMHUKY HEJIOCTaTOYHO 000CHOBaHHOM. J|0 HACTOSIIETr0 BPEMEHH €1 -
HOTO MHEHHMsI 1O JaHHOMY BOIPOCY HET: OJHM aBTOpHI [12] mpuBOAAT >kabpoHOra u3
Apmennn kak B. affinis, npyrue — kak B. terpogossiani [15], Torna kak Thiéry & Jean
[14] cumraror, uto B. affinis, B. tergopossiani, a raxxe B. acanthopenes (Malhotra &
Duda, 1970), usBectHbIi TObKO U3 KamMupa, MOryT MpHUHAICKATH K OJHOMY BUITY.

Cornacuo J{o6peiaunoii [1, 2], L. dahalacensis — emuHCTBeHHBIH MPeNCTABUTEND
pona Leptestheria ua teppuropuu Poccun u comnpenenbHbix cTpas. [1o MHEHHIO aBTOpa
[10] pacmpenue ero apeana B 20-M BeKe CBSI3aHO CO CIIy4ailHONW MHTPOMYKITHEH PAYKOB
BMeCTe C MalibkaMH pbI0 U3 pbioonuToMHMKOB KaBkaza m ActpaxaHckodl o0jacTd B
NIPYAOBBIE XO3SICTBA U PHCOBBIE MO,

B nauase 20-ro Beka naHHbIN Bu ObUT 0OHapyxeH B LleHTpanbHOii ApMeHuu, U
ToT (hakT, uto ceituac L. dahalacensis naiinen Ha ceBepe ApMEHHH, CBUICTEIBCTBYET O
BO3MOXXHOM ITPOHHKHOBEHUH BUJIa C TEPPUTOPHH colpenenbHoi ['py3un.

B HeKOTOpBIX eBpONEHCKUX CTpaHaX KPEeBETKU-MOJUIIOCKM BHeceHbl B KpacHyio
kuury. Tak, Bce BUIBI aBCTpHUiickux Spinicaudata cuntaroTcst HaXOAAIIAMHCS IO YTPO30i
ncye3HoBeHHs.. OCHOBHBIMH YrpO3aMH SIBIISIOTCS CENbCKOXO3IHCTBEHHAs NEATENBHOCTD U
HCKYCCTBEHHBIC U3MEHEHHUS TUIPOJIOTUYECKHX YCI0BHi. OOCYKIat0TCs MEPBI OXpaHbI U1
oteHkd ux 3¢ ¢exruBHocTr [11]. YuursiBas TOT (QakT, YTO Ha HOMYNISAIHH KaOPOHOTOB
ApMeHNH BIHSIOT Te K€ (PaKTOPHI, HEOOXOIMMO MIPUHATH MEPHI TI0 MX OXpaHe, B YACTHOC-
TH, BKJIIOYUTb STHX PENKUX paykoB B HOBYI0 KpacHyto kuury Apmenun. HeoOxomumel
JaNbHEHIINe UCCIIeIOBAHUS TOMYIISIIUA 000MX BHIOB JUIS OLEHKH UX CTaTyca.
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B3AUMOCBSA3b METABOJIM3MA AJIEHO3UHA U JIAKTATA B
TKAHSIX KPBIC ITPA OITYXOJIA MOJIOYHOM KEJIE3bI

H.K. AMPATIETSIH, M.A. XAYATPSH, A.A. TPUYHSH

Epesanckuil 2ocynusepcumem, kagedpa ouoxumuu, MUKpOOUOIOUY U GUOMEXHOIO2UU
nn.hayrapetyan@ysu.am

HccnenoBanack akTUBHOCTD aJIEHO3MH/IE3aMHMHA3bl B TOMOI€HATaX OIyXOJIEBBIX M 3JI0Ka-
YEeCTBEHHO HETPaHC(OPMHUPOBAHHBIX TKAHSIX KpbIC. BbIsBIEHa B3aMMOCBS3b aKTHBHOCTH
a/IcHO3MH/Ie3aMMHa3bl W KOHIEHTpAllMM JIakTaTa. Pe3ynbTaTel HMCCIEIOBaHUS IMO3BONSIOT
MPEANONIOKNTh, YTO CTUMYIHPYIONIEE BIMSHHUE JIaKTaTa Ha aKTMBHOCTh aJICHO3MHJIE3aMUHA3bI
MO’KHO OLIEHMBATH KaK I10Ka3aTeNb IPOTHBOOITYX0JIeBOH 3 ()eKTHBHOCTH J1aKTaTa.

Adenozunoezamunaza — a0eHo3UH — IaKmam — 2UNnoKCust

Gwnwgnunytp £ wnbunghunbqwuhuwgh wywhyniejnitup  wnUbnubph  pwngybnwéhu L
swpnpwy  thnpuwybpwldwl  stupwpyyws  hinudwéplutph  hndngbUwwnubpnud:  Pwgwhwjinybp £
wntUnghunbquuhtwgh wynhyniejwlt W Ywplwerdh ynugtUnpwghwih thnuyuwwwygduént-
rInUp: IGnwagnunuwl  wpnnlupubpp ey G wwhu Gupwnpt, np JwplwpprUuh hupwluhs
wqnbgnieintup - wntunghuntqwuhtwagh  wywnhynigjwu  ypw  Ywpnn £ quwhwwndb, npwbu
Ywrlwrryh hwywninnigewiht wpnntuwytunngejwu gnigwuh):
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The activity of adenosine deaminase in homogenates of tumorous and non-transformed
tissues of rats was studied. The relationship of the activity of adenosine deaminase and lactic acid
concentrations in those tissues was revealed. Research results suggest that the stimulating effect of
lactic acid on the activity of adenosine deaminase can be evaluated as an indicator of antitumor
efficacy of lactic acid.

Adenosine deaminase — adenosine — lactic acid — hypoxia

Jist omyXxomneBbIX TKaHEH XapaKTepHO COCTOSHUE TMIIOKCHH, TaK Kak (POpMHpPYIO-
e PakoBO€ HOBOOOPA30BaHHWE KPOBEHOCHBIE COCYIIBI COIEPKAT MHOTOYUCIICHHBIE Je-
(eKTHI 1 HE CIIOCOOHBI 00eCTIeunBaTh JOCTABKY JOCTATOYHOTO KOMMUECTBA KHUCIOPOAA B
TKaHU. PakoBbIE KJIETKM Ha HU3KOE MaplaIbHOE JABICHUE KUCIOPOia OTBEYAIOT H3Me-
HEHHEM SHEPreTHYECKOTO METabOMN3Ma, YTO MOATBEPKIAECTCSl JTAHHBIMHU 00 aKTHBAIMN
(hepMEHTOB TIIMKOJIN3a,0TBETCTBEHHBIX 32 00ECIIEYCHNE TOMOTHUTEILHON SHEPTUEN BbI-
COKHX TMOTPEOHOCTEN 370KaYeCTBEHHO TPaHCHOPMHUPOBAHHBIX KIETOK [7]. AkTHBaIms
TJIUKOJIN3a COTIPOBOXKIACTCSI N30BITOYHBIM 00pa30BaHNEM JIaKTaTa, CIe0BATENbHO, CHH-
skenreM pH cpenpl. B HOpManbHBIX KileTKax CHMKEHUE pH BBI3BIBAET KIETOYHYIO TH-
0enp MyTeM HEKpO3a WM arlonTo3a, a OMyXOJEBbIE KIETKH Pa3BUBAIOT PE3NCTCHTHOCTH
K HMHAYOMPOBAHHOW KHCIOTOW TOKCHYHOCTH M TOJYYar0T BO3MOXHOCTb BBDKHTH B
KHCITBIX YCIIOBHSX cpefibl. B cOBpeMeHHBIX paboTax MpHBeIeHbI TOKA3aTeIbCTBA KHCIIO-
TO3aBHCHUMOM OIyXOJIEBOM MHBA3UH IIPU HAPYIICHUH METabOoIN3Ma TIIFOKO36I [5].
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Ha nmpoTspkeHu# JUTUTENTFHOT0 BpEMEHH U3YYEHHSI HCTOPHU METa0oIn3Ma JIaK-
TaT pacCMaTPHUBAJICS JIUIIb KaK TYITHKOBEIA METaOOIUT aHadPOOHOr0 KaTabonu3Ma TIro-
ko03bl. Ho B mocieaHme roasl OBLIO TMTOKA3aHOo, YTO B OMYXOJEBBIX KIETKAXJIAKTAT UTPAeT
BaXKHYIO POJIb: MOJIEKYJIA YUaCTBYET B MOIYJISAIUM aKTUBHOCTH MHOTHX (pepMeHTOB [6].
OpnauM U3 TakuX (PEPMEHTOB CUMTAETCS OTBETCTBEHHAS 3a KaTaOOIU3M aJeHO3MHA ajie-
HO3UHJIe3aMUHAa3a. JIaKTaT MOXKeT BIUATH Ha OOMEH HYKJICOTHIOB M JICHCTBOBATh Ha Te-
YCHHE TATOJIOTUYECKUX COCTOSHUH Yepe3 W3MEHCHHE aKTHBHOCTH aJICHO3HMHIC3aMHHA-
3bl. B THIIOKCHYECKOM COCTOSIHUH, KOTJa TKaHH OOCIHSIOTCS KHUCIOPOIOM U B KIIETKax
YBEJIMYMBACTCS KOHIICHTPAITHS JIAKTaTa, HAOJIIOIAaeTCs CYIIECTBCHHOS U3MCHCHUE METa-
0onm3Ma afieHo3uHA. B yCIIOBUSIX CIIPOBOLIMPOBAHHOTO TMITOKCHEH alna03a YCHIINBACT-
Csl TPAHCIIOPT aJICHO3WHA U3 KJICTKH, KOTOPBI B 3aBUCUMOCTH OT KOHIeHTparmu B 2-10
pa3 ycunusaet Bbixox jakrata [10]. HakoruieHre BHEKJIETOYHOTO aJeHO3UHA SBIISETCS
MPU3HAKOM KaK THIIOKCHHU, TaK W MATO(QH3HOIIOTHISCKAM MPHU3HAKOM IIHPOKOTO Kpyra
3JIOKAUECTBEHHBIX HOBOOOpa30BaHMUI, COMpPOBOKIaromuxcs runokcueit [9].Hano orme-
THUTB, 4YTO HpH‘IHHOﬁ yBCJ'II/I‘-ICHI/IH KOHL[CHTpaLII/II/I aICHO31UHAa HpI/I THUIIOKCUHN MOXCT sB-
JISITBCS TAKKE YCHJICHHBIN CHHTE3 THIOKCHA-UHAyIbenbHoro ¢akropa la (HIF-1a), xo-
TOPBII YBEITMUYMBAET SKCIPECCUIO (PEPMEHTOB, NPOAYIUPYIONINX aJeHO3MH U3 aJICHUHO-
BBIX HyKJIeoTHI0B [11,12]. A afgeHO3uH cuuTaeTcss OAHUM M3 UIMMYHOCYIPECCUPYIOIHX
(akTOpOB, MPOAYLUPYEMBIX OIYXONbIO. AZIGHO3WH HE TOJIBKO MHTMOUPYET aHTHOIYXO-
JICBBIC I/IMMyHHbIC KJICTKH, HO H aKTI/IBI/IpyeT OHyXOHL-HpOMOTI/IpyTOHH/IC KJICTKH, YTO
MO3BOJISIET OIYXOJH YKIOHUTHCS OT UMMYHHOT'O Ha/l30pa M CIIOCOOCTBYET €€ pa3BUTHIO
U MeTacTazuposanuio [1].

VYuuTeiBas BBIIIECKA3aHHOE,MOKHO PACCMaTPUBAThL BO3MOXKHYIO B3aHMOCBS3b
MEXIy HapYIIEHUSIMH YTIIEBOAHOIO M HYKICOTHIHOTO OOMEHa, TaK KakK JakKTaT,0ymaydu
KOHEYHBIM ITPOLYKTOM aHa3POOHOT0 OKHMCIICHHSI TIIFOKO3bI, MOXKET SBIISITHCS CBA3YIOLIMM
3BEHOM MEXly OOMEHOM HYKJICHHOBBIX KUCIIOT U YIJIEBOJIOB.

Lenpto JaHHOTO HCCIEIOBaHKs OblIa OIIEHKA BIMSHUSI OIyXOJIM MOJIOYHOH XkKee-
3bl Ha KaTa0OJIM3M a/ICHO3MHA B TKaHIX C MOPAXKCHHBIMH YY4aCTKaMH B 3JI0KAYECTBEHHO
HETPaHC()OPMUPOBAHHBIX TKaHIX, M3YUYEHHE B3aUMOCBS3HM aKTHMBHOCTH aJICHO3MHIIE3a-
MHHA3bl ¥ KOHIIEHTPALIMH JIAKTATA, TAKXKE UCCIIeOBAaHNE OCOOCHHOCTEH pacrpeieneHus
aKTHBHOCTH M30(pepMeHTOB AJIA B TKaHIX MOJIOYHOM JKeJe3bl.

Mamepuan u memoouka. Jlabopamopuvie sxcueomuwie. Yccienopanue npoBoMIIOCh Ha
8-HenenbHbIX Kpbicax nopoasl Wistar maccoit 90-120r. JKuBoTHBIE cOlep)KaluCh B CTaHAAPTHBIX
YCJIOBUSIX BUBAPUSL CO CBOOOAHBIM JIOCTYIIOM K BOJIE M ITHIIE, B HOMEIEHHHU C TEMIIEPATypOil BO3-
nyxa 22 °C npu 12-4acoBoM LUKIIE CBET/TeMHOTA. MIccinenoBaHus MPOBOJHINCH B COOTBETCTBUH C
MpaBUIaMu OMOATHKH, YTBEPKACHHBIMU HallnoHaTbHBIM KOMHTETOM 110 OHO3THKE (ApMeHHs).

Mooenuposanue sxcnepumenma. JJi NCCIe0BAaHNH JKMBOTHbIE ObLIM pa3jelieHbl Ha 2
rpymsl: 1-4 rpymnna —MHTaKTHBIE KPBICHI, 2-51 —9KCIIEPUMEHTAJIbHAS rpynna (OMyXO0JEHOCUTENH).
Omyxonb MOJOYHOM JKelie3bl HMHAyLHpoBaiachk BBeaeHueMm 20 mr 7,12-mumerniOeH3aHTpaleHa
(AMBA). IMBA BBoauics kpricaMm B BozpacTe 45-60 qHeil ¢ HOMOILBIO JKeITyJOYHOr0 30HA.

H3eneuenue buonocuieckoeo mamepuand. JXUBOTHbIE BEIBOAUIMCH U3 OIBITA JICKAIUTALN-
eil. Marepuanom U1 UCCTIeIOBaHUsI CITY)KWJIM TKAaHU MOJIOYHOMU KeJe3bl U CMEXHOU ¢ Hel TKaHH,
a TaKkKe TKaHU II€YEHU U 1oveK. [ NpUroToBIeHHs FOMOI€HaTOB 00pa3Lbl TKaHeH NPOMBIBAIIH
OXJIAXKJIEHHBIM (hU3UOJIOTHYECKUM PACTBOPOM, TOMOTEHU3UPOBAIIH HA JIby. TKaHH OpPraHOB T'OMO-
TEeHU3UPOBAIM B CTEKISIHHOM TomoreHusatope Ilortepa—JnpBemkeiiMa B cooTHomeHnu 1:10
(macca/o6wem) B K*-pocharaom 6Gydepe (pH 7.4). ToMoreHaTsl TKaHel HeHTpUGYTHPOBAIU B
teuerre 15 mun mpu 3000 o6/mun. OmpeneneHue MokaszaTeledl MPOBOIMIOCH B HAJOCAIKAX
TOMOT'€HATOB.
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Onpeodenenue buoxumuyeckux noxasameneti kpoeu. s onpeneneHust GepMeHTaTHBHOH
akTUBHOCTH AJIA B CHIBOPOTKE KPOBH HCIOJIB30BAIACh METOIMKA, OCHOBaHHAsI HA KOJIOPUMETPH-
YECKOM OIpeIeSICHHd aMMHaka ¢ HMpUMEHeHHeM (eHONrumnoxnoputHoro peakrusa [8].M3odep-
MEHTHI aJICHO3HMH Ie3aMUHAa3bI BRIIESUIN MeTooM Tenbhuisrparmu (Sephadex G100). Konuyect-
BEHHOE OIPEICIICHHE JIaKTaTa IPOBOAMIIOCH 110 peakimu Y ddenapmana [3]:

Obpabomrka pezynomamos. JlaHHbIE TIPE/ICTABICHBI B BHIE CPEAHUX apUDMETHICCKUX Be-
JIMYKH CO CTaHIAapTHOM OmHOKON B coorBercTBuM ¢ mporpammoint MicrosoftExcel 2013. Cran-
JapTHas omMOKa CpeHUX apuMEeTHYECKUX BEJIMYMH He MpeBbiiiaet 3% OT abCONIOTHBIX 3HaYe-
HHI (Ha pUCYHKaX He yka3aHo). CTaTHCTHUYecKasi 00paboTKa JaHHBIX Pa3HBIX CEpHil SKCIIEPUMEH-
TOB TPOBOAWIIACKH C HCIIONb30BaHMeM Kputepus CteionenTa (p) [2]. Paziauuns cuntanu craTuctu-
4yecKH J1ocToBepHbIME 11pH p<0.05.

Pezynomamut u oocysycoenue.Pe3ynpraTel aHaN3a a/ICHO3UH/I€3aMHUHA3bl B TKa-
HSIX KpbIC, IOPA)KEHHBIX a/ICHOKAPLHHOMOW MOJIOYHOMN KeJe3bl, MOKa3alH, YTO aKTHB-
HOCTh (hpepMEHTa B OITyXOJIEBOW TKaHW cocTaBmia 46,5 MKMOIB/T TKaHu, 4To B 1,8 pa3
NPEBBIIAET COOTBETCTBYIOIIEE 3HAYEHHE B TKAHAX HMHTAKTHBIX MXHBOTHBIX (25,8
MKMOJB/T TKaHu) (puc. 1). JlaHHbIe MOATBEPKIAIOT TUIOTE3Y 00 YCHICHUH 3KCIIPECCHU
a/IcHO3WH/Ie3aMHUHAa3bI TIPH 31I0KAYECTBEHHON MOJU(UKAIIMN TKaHU.

UYrto Kacaercsl 371I0KaYeCTBEHHO HETPaHC(OPMHUPOBAHHBIX TKaHEW (MIeYeHb, MOU-
KH), TO 3JleCh HaOIIOJar0TCsl HEOOIbIINeE KOoJeOaH!sl aKTHBHOCTH aJICHO3HHE3aMHUHA3bL.
B romorenare TkaHeil meueHH 2-H TpyNIbl )KUBOTHBIX akTUBHOCTE AJIA cocrasisuia
15,4 MKMOIB/T TKaHH, B TOM K€ TKAHW WHTAKTHBIX KUBOTHBIX — 14,1 MKMOITb, B TKaHIX
noyek — 12,2 mxmons u 11,2 MkMoib cooTBeTcTBeHHO (pHcC. 1). Ilomyuennsie pa3nuaus
B Ipefienax (pU3MOIIOrHYeCKOH HOPMBI YKa3bIBAIOT Ha OTCYTCTBHE 3HAYMTEIBHBIX H3Me-
HEHUH B 3TUX TKaHAX.
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Puc. 1. [lesaMuHupoBaHue aJICHO3MHA B TOMOT'€HATaX MOJIOYHOH JKeJIe3bl, TKaHEe! MeYeHH! U MOUeK
(mxmonb NHj Ha 1r TkaHM). 1— HHTaKTHAs rpymnmna, 2 — SKCIepUMEHTaIbHas rpyIna
*pasnunuust gocroBepusr,N=10, p<0,05.

Kak Gbut0 0TMEYEHO, JaHHBIE 0 OMOXMMHYECKUX MPOLECCaX BO BPEMs OMyXOJie-
BOTO POCTAa CBUJETENCTBYET O TOM, YTO MPOIPECCHPOBAHHME OIyXOJH IIPEAIOaraet
YCHJICHHE MTPOLIECCOB, OTBETCTBEHHBIX 3a o0ecriedeHe JOOMHUTENFHOH YHEepruei 3710-
Ka4eCTBEHHO TPaHC(OPMHUPOBAHHBIX KJIETOK. B HameMm ciydae 00 3TOM CBHICTENbCTBY-
€T TIOBBIIICHHE KOHIIEHTPAIIWHN JIAKTaTa B OIyXOJeBOH TKaHM (4,8 MKMOIB B mpobe), B
TeX )K€ TKaHAX MHTAKTHBIX KUBOTHBHIX —1,9 MKMOJB. Y BenMyeHne KOHIICHTPALMH JIAKTa-
Ta (B 2,5 pa3a) yka3blBaeT Ha aHA3POOHBIH pachas TITFOKO3HI (pHc. 2).
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W3MmeHeHHs cofep)KaHus JIAKTaTa B TKAHSAX MCYCHH U MOYCK MPH Pa3BUTHU OIY-
XOJICBBIX MPOIIECCOB B OPraHM3ME YKA3hIBAIOT Ha HEKOTOPYIO aKTHBAIMIO TJIMKOJIH3a B
TKaHAX, HC UMCIOIIUX MPU3HAKOB 3JIOKAYECTBCHHOW TpaHChopMmanuu. B romoreHarax
IIeYCeHU KOHIICHTPAIIUS JIaKTaTa BeIpocia Ha 12 %, mouek —Ha 10,3 % (puc. 2). Heoboc-
HOBAHHBIM Ka)XE€TCS POCT KOHIICHTPAIIMH JIAKTaTa B MOYCYHON TKaHU, TaK KakK JEHCT-
BYIOIIAas B IMMOYKaxX MHPYBAaTKapOOKCHIIa3a IMPH aluio3¢ MPOSBISECT BBHICOKYIO aKTHUB-
HOCTB, YTO IMPEAIoJaracT aKTHBHBIA MPOIECC TIFOKOHEOTCHE3a M, COOTBETCTBECHHO, HE
TPOBOIIUPYET HAKOIUICHUE MUPYBAaTa W MPEBPAIlCHUE €T0 B JIaKTaT.

Hamo otMeTuTh, 94TO B OTJIMYUE OT OMYXOJICBBIX TKAHEH, B 3JIOKAYECTBCHHO He-
TpaHC(HOPMHUPOBAHHBIX TKAHSIX YBEIMYCHHE COMEPIKAHUS JIAKTaTa HE COMPOBOXKIACTCS
MOBBIIIIEHHEM aKTUBHOCTH AJIA.
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Puc. 2. VI3MeHeHs KOHLETPAIMHY JIAKTaTa B FTOMOI'€HATaX MOJIOYHOM )KeJe3bl, TKaHEH MeYeH! U
HIOYEK.
1- yHTakTHAs rpymnma, 2 — SKCIepUMEHTANIbHAS IPYIIIa
*paznuums nocroeps, N=10, p<0,05.

AHanu3upys MOJTyYeHHbIE NaHHBIE, MOKHO 3aKIIOYHTh, YTO HPH OIyXOJIEBOM
pocTe B o4arax MOpakKeHUsI OTMEYAlOTCS Cephe3HbIe M3MEHEHUS KakK IPOIeCCOB YTIIe-
BOJHOT'O, TAK U HYKJICOTHIHOro oOMeHa. HenuiHe oTMETHTD, YTO yCTAaHOBJICHHAs aKTHU-
Balys KaTaboM3Ma aJIecHO3MHA B ITOPAKEHHOH OIYXOJIbIO TKaHH MOXKET OBITh pe3yiabTa-
TOM U3MeHeHHs1 PH cpenbl, 00yCIIOBICHHBIM 3HAUYUTEILHBIM MOBBIIICHHEM YPOBHS JIaK-
TaTa, ¥ yKa3blBaTh Ha B3aUMOCBS3b JAHHBIX IIOKa3zaTeleil. BBIABICHHOE 3HAUUTENBHOE
MOBBIIICHHE aKTHBHOCTH AJIA, mpHBoOzsIee K CHIKEHHUIO KOHLICHTPALUK aIeHO3MHA B
OIYXOJIEBBIX KJIETKaX, Ha (pOHE ITOBBINICHHs KOHIIEHTPALMH JAKTaTa MOXET OBITh pe-
3yJIbTATOM CTUMYIIMPYIOMIETO BIUSHUS JTakTaTa Ha aktuBHOCTH AJIA. C nmpyroit cTopo-
HBI, OTMEYEHHBII POCT AKTHBHOCTH aJICHO3WHJIE3aMHHA3Bl MOXKET OBITH PE3yJbTaTOM
YBEJIMYCHHUS cyOcTpara aeHO3MHa B MAIMTHU3UPOBAHHOM TKAaHH.

[enpdubTpanyss TOMOTEHATOB OMYXOJICBOH TKAHU BBISBUIIA aJICHO3HHE3aMU-
Ha3Hyl0 akTUBHOCTH B 9-10-ii (pakumsx, 4TO COOTBETCTBYET BBICOKOMOJICKYISPHOU
nzodopme AJIA (AZIA1), a Takxke B 21-23-i1 (hpakiusix, 4TO COOTBETCTBYET HU3KOMOJIE-
KymsipHO# m3odpopme (AJA2) (puc. 3, 4).

OOHapyXeHHas B TOMOTEHATaxX OIyXOJEeBOW TKaHW aKTUBHOCTH m3opopMm AJIA
MIPEBBIIIACT aKTUBHOCTE U30opM AJIA B roMoreHaTax WHTAKTHHIX TKaHel B 1.9 u 1,8
pa3a COOTBETCTBEHHO.
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Puc. 3. AxtuBHOCTb n30hopM AJIA 1ocne reabGUIBTPALMU B TKAHIX MOJIOYHOHN XKeJe3bl U
¢usnonornaeckoir Hopme. [Ipodrm amoaToB: aneHoO3NHIE3aMHUHA3HAs AKTHBHOCTB-1,
BBIXOJ] Oenka-2.
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Puc. 4. AxruBHOCTb n30(hopM AJIA nocne reabGUIBTPALMU B TKAHIX MOJIOYHON JKeJe3bl,
MOpakeHHOM ormmyXxoiibio. [Ipoduiu 310aToB: aaeHO3MHAC3aMUHA3HAS AKTHBHOCTh-1,
BBIXO] Oernka-2.

Y CTaHOBIIEHO, YTO TOBBINICHHAS aKTHBHOCTE AJIA B MaJIMTHU3UPOBAHHBIX TKa-
HAX obecrmeumBaeTrcs Kcnpeccrueii ooonx nzopepmenToB AJIA. OmHaKo HATO OTMETUTH,
YTO COOTHOIIeHNE aKTHBHOCTH M30depMenToB A/IA1 1 AJIA2 kak B OIMyXOJNEBBIX, TaK U
B WHTAKTHBIX TKaHSX COXPaHSAETCS Ha OJHOM YPOBHE, M OCHOBHOH BKJajg B OOIIYO
aJICHO3WH/Ie3aMIUHA3HYI0 aKTUBHOCTh BHOCHT AJ[A1.
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O ToMm, uto AJIA2, ABJISSICH BHEKJICTOYHOH MOJICKYJIOH, 001aacT MEHBIIEH, Mo
cpaBHeHHIO ¢ AJIA1, KaTaIUTUYECKON aKTUBHOCTBIO M B HOPMAJIBHBIX JIJISI KJIETKH YCJIO-
BUSAX OTMEYAETCS M B paboTax Ipyrux aBTopos [4].

IToBbilIEHHE KOHIIEHTPAIMU JIaKTaTa B OMYXOJEBOW TKaHM BIMSIET Ha COJEpiKa-
HUE aJIecHO3WHa, BO3MOXHO, TIOCPEJICTBOM MHAYKIIMU aJ€HO3UHJIe3aMUHa3bl. [10BbIIIEH-
Has oOmiasi akTUBHOCTh AJIA pe3yabTaT 3KCHpeccur 000MX M30(epMEHTOB aJeHO3HH-
JIe3aMUHA3bl. B MaTUrHU3UPOBAHHBIX TKAHAX aKTUBHOCTH M30(opMbl AJ[A1 3HaUNTEIB-
HO TIPEBBIIIACT aKTUBHOCTH n30(opmbl AJA2.a
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N3zydeno pnusaue komiuiekca I'AMK u renepupyronyx ee coeJUHEHHH Ha CIBHUTH TJIO-
KO3Bl KPOBH M HEHPOAKTHBHBIX aMHHOKHCIIOT MO3ra M MODKENTYI0YHOH JKeNe3bl, THUIUUPYEMBIX
ajokcaHoM. [lokazaHo, 9To 5-AHEBHOE BBEJIEHHME KOMILIEKCA ‘‘OTPaBIEHHBIM alJIOKCAaHOM KpbI-
CaM CHUMAeT IMIepriIMKeMHYecKkuil 3eKT aiokcaHa U HOPMAJIU3YeT BbI3bIBACMbBIE UM CIIBUTH
COZIepKaHUsl HEMPOAKTUBHBIX AMHUHOKHCIIOT B MO3TE€ M MOKETyI0YHON »Kene3e *KHUBOTHBIX. HMc-
CIIEZIOBAHHBII KOMIIIEKC MOKET OBITH alpOOMPOBaH Ha OOJIBLHBIX AHMA0ETOM.

Annoxcan — moze — l’lOdeceledO'{H(lﬂ aceinesa — cjlKo3a — Helijdeu@Hble AMUHOKUCIONbL

Nunwuwuhnytp £ AUU@ bW wju gbubpwgunn  Jhwgnientlubnh yndwbeuh wgnbgnieiniu
winpuwuh Ynnuhg nprUnn wpwu gpntyngh W ninbnh nu Gupwuwnwdnpuwiht gbnéh Ujwpnwwynhy
wuhlwpeenutph  Jwywpnwyh tnthnfunwgeniultph Ypw: 8nyg £ wpdb, np Yndwteuh 5-opjw
utpnpnwjuwht - UGpwnpynwu - winpuwuny  pnilwynpywé  wnlbnubphu hwunwd £ winpuwUh
hhwBnalhytuhy wanbgnieniup W unpdwiwgunwd £ npw Ynndhg wnwpwgunn YEunwuhutph nintnh W
Gupwuwmwdnpuwihu  gtnéh  Ywpnwwywnhy wdhUwpenutph  wnbnwwndbpp:  NwunwUwuhpywéd
Unuweup Yuntih £ thnpawnyt 2wpwnwhunny hhjwunutph dnw:

Uinpuwl — Gupwuwnwdnpuwihl qtind — qyntyng — Wwpnwwlinhy wuhUwprenLlEn

The influence of GABA and its generation compounds complex on the alloxan-induced
blood glucose and brain and pancreas neuroactive amino acids content shifts has been studied. It
was shown that5 days intraperitoneal injection of complex to alloxan-treated rats prevented
hyperglycemic effect and normalized neuroactive amino acids shifts, induced by alloxan in
animals brain and pancreas. The analyzed complex may be tested in the diabetes mellitus patients.

Alloxan — brain — pancreas — glucose — neuroactive amino acids

AJnmokcaH— XUMUYECKUi muabeToreH, BeI3pIBatomuii nuadet nepsoro Tuma (T1/1)
ITyTeM TOKCHYECKOTO pa3pymieHus P-KIETOK OCTPOBKOB JlaHrepraHca MOMKEITyIOTHON
xKene3bl[7-9]. MexaHu3M JedCTBHS 3aKII0YaeTCsl B TCHEPAIlUH B MPUCYTCTBUH BHYTPH-
KJIETOYHBIX THOJIOB, OCOOCHHO TIIyTaTHOHA, PeakTWBHBIX (opMm kucimopoma (POK) B
LMKJIMYECKOW PEAKIMU C €r0 BOCCTAHOBJIEHHBIM NPOIYKTOM JTUATYPOBOH KHCIIOTOM.
[-xreTouHOe TOKCHMYECKOe AEHCTBHE ajUIOKCaHa 3aIycKaeTcs oOpa3yroIIMMUCS B 3TOH
peaxm cBoboaHbME pagukanaMu(CP). AyTookuciaeHHe IHaypOBO KHCIOTHI TeHe-
pupyet cymepokcumabiii pagukain (O;”), mepekuck Bogpopona (H,O,) n Ha mocienneit, xa-
TATH3APYEMOH JKEIIe30M CTaIuH, THAPOKCHIBHEIN paankan (OH'), KOTOpbIii B KOHEYHOM
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CUeTe OTBETCTBEHEH 3a rMOeib -KIETOK C X OYeHb HU3KOW aHTHOKCHIAHTHOM 3alllu-
TOH, YTO MPUBOMT K Pa3BUTUIO HHCYJIHMH3aBUCHMOI0O “‘aJNIOKCAaHOBOTO anabera’”.

Kak THONMOBBIN peareHT, ayulOKcaH HM30MpATENbHO IMONABIISET WHIYIHUPYEMYIO
TIIIOKO30H CEeKpEeIMI0 HMHCYIIHMHA, OJaromaps CIIOCOOHOCTH TOJABIATH TIIIOKOKWHA3Y
myreM oOkucieHus SH-rpymn OenkoBOH MOJEKYJIbl M, CJIEIOBaTeNbHO, HapylaeT
OKUCIIUTEIbHBIA METa0O0JM3M U CEHCOPHYIO (DYHKIMIO TIJIFOKO3BI —3TOI'0 CHI'HAIBHOTO
¢depmenTa P-kieTkn. B mocienHue roapl Ha OCHOBAaHMM HCCIIEAOBAaHUN  PONU
MHrHOMTOpHOTO HeliporpaHcMutrepa TAMK B dyHKIMSX maHKpeaca 3Ta aMUHOKHCIIOTA
paccMaTpuBaeTCsl B KauecTBE MEPCHEKTHBHOIO TEparneBTUYECKOro CpeJICTBa IpH
nuabere, B yactHoctu ipu T1/1[1, 5, 10]. B npoBenennsix KamanstHoM u cotp. ombitax
ObLIO MMOKa3aHo, YTo BBeneHHue kpricam ['AMK reHepupyrolmmx coeiMHEHUH B TeueHne
Tpex [JHeH Imepes CTPEenTO30TOINMHOBBIM[1] WM ajIoKcaHOBBIM[4] OTpaBieHHEM
noanepxkuBaer  ypoBeHb I['AMK B maHkpeace M 3HA4YMTENBHO  CHHXKAET
runepriukemMuueckuii  3ddext nuaberorena. Mcxoas W3 BBIIEH3IIOKEHHOTO, B
HACTOAIIEM MHCCIEIOBAaHMM MBI HCHBITAM JefiCTBUE KOMIUIEKca HEeHpOaKTHBHBIX
amuHokucnor U1 'AMK reHepupyromux CcoeIWHEHUH, O0JaJarolX BBIPAXKEHHBIMH
NPOTHBOBOCHAJUTENLHBIMHA, AHTHOKCHJAHTHBIMH W PENapUpYIOIMMU  [-KIETKA
CBOMCTBAMH Ha CIBHUTH TJIOKO3BI B KPOBH U COJEpKaHNE HEMPOAKTUBHBIX aMHHOKHUCIIOT
B MO3T€ 1 MOKETYAOUHOH JKeJle3e KPbIC C MHAYIUPOBAHHBIM aJNIOKCAHOBBIM JTHA0ETOM.

Mamepuan u memoouka.VlccnenoBanus ObUTH POBEEHBI Ha OENBIX KpbIcax Maccoi 180-
200 r, coneprarmxcs Ha OOBIYHOM palMOHE B YCIOBHSX BUBapHs MHCTUTYTa Onoxumuu HAH PA.
KuBorHbIe OBUIM pa3lerneHbl Ha 4 TPYNIBI M0 5 B KaXAOW: 1-5 KOHTPOJIBHAS MONyYana BHYTPH-
OproHHO 1.0 MiT (PU3MOTOrHUECKOro pacTBOpa, 2-51 — AMUHOKHUCIIOTHBIH KOMILIEKC ¢ HHTHOHTOPOM
I'AMK-tpancamunassl stanonamMus-O-cynbdarom (30C), 3-51 — amtokcan (150mr/kr), 4-51 — amiok-
caH + 2. Uepes 5 nHel mocie exeTHEBHOIO BBEACHUS IIPENIapaToB XUBOTHBIX 3a0UBAJIN O] JIETKUM
3(UPHBIM HAPKO30M, YIAJIsUIM MO3T U TOKEITYOYHYIO JKelle3y, B KOTOPBIX ONpPEeNesUIi aMUHOKHC-
JIOTBI ceMeiicTBa IIyTaMUHA. DKCTPAKLMIO aMUHOKHCIOT ocyiuecTBisiin 6%-HeiM HCIO,. Pasnerne-
HHE aMUHOKHCIIOT B TIEPXJIOPATHBIX 3KCTPAKTaX OCYLIECTBISUIM METOIOM BbICOKOBOJIETHOT'O JIEKT-
podopesa B mupuanH-aneratHoM Oydepe, pH 3.9, aMHHOKHMCIOTHI ONPEAEIIsUIA HUHTUIPHHOBBIM Me-
TOZIOM O KaIMOPOBOYHBIM rpaduKaM, OCTPOSHHBIM C UCHOJB30BAHUEM CTaHIAPTHBIX aMHUHOKHC-
not ¢pupmer Sigma Chemical Company (USA) [2]. Timyramun onpeessuid B 3J1eKTpoopeTHIecKoi
(dpaxuyy HeHTpaIbHBIX AMHUHOKHCIIOT [0 aMHHOMY a30TY C HCIIOJIb30BaHUEM MUKpoaAu(dy3noH-
Horo Metona [3]. I'roko3y kpoBu ompenensuiu ¢ momoinsio rimokomerpa AcCU-Chek (I'epmanns).

Pesynomamol u oocysycoenue.B tabn. 1 mpencraBieHbl pe3ylbTaThl Ompesese-
HUS TIIIOKO3BI B KPOBH UCCIIENOBAaHHBIX IPYII KPBIC.

Ta6auuna 1. ConepxaHue IIIOKO3bI B KPOBH KPBIC MOCIIE S-IHEBHOTO BBEICHUS
HCCIIeyeMOro KoMIuIeKca

I'pynist T'mioko3a, MM/n
1 5.6x04
2 6.1+0.6
3 29.6+2.5*
4 6.2+0.4**

prwetmnue: 1-uHTaKTHBIE KPBICHI, 2-KOMHH6KC, 3-aJ'IJ'IOKCaH, 4-anmnoKcaH+KOMILIEKC

BrII0 1MOKa3aHo, YTO BBEIEHHE KOMIIIEKCA aMHHOKHCIOT B TEUEHHE IISATH JTHEH
TocJIe aJUTOKCAaHOBOW MHTOKCHKAIIMY CHIDKACT COMEpKaHWe TIOKO3BI ¢ 26.7+2.1 MM/n
1o 11.9+1.6 MM/ Ha 3-i nesp u 1o 6.2+0.4 MM/1 Ha 5-i eHb, T.€. UMEET MECTO HOp-
MaJ3anys ypOBHS TITFOKO3EI B KpoBH KpbIc. [lomo0HbIi 3ddekT, ckopee Beero, odyc-
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JIOBJICH Mponudepanueii COXpaHUBIIMXCS OCTPOBKOBBIX [3-KIIETOK IO ICHCTBHEM KOMII-
JIeKca HEHPOAaKTUBHBIX aMUHOKHCIOT, copepxanwx '’ AMK u uHruourtop ero oomeHa,
CIIOCOOHBIX permapupoBaTh -KICTKH, YCHJIMNBATh CHHTE3 HHCYJIHWHA M €r0 BHICBOOOXK-
nenue [1,10]. Panee HaMu OBUIO TOKa3aHO, YTO TPEIBAPUTENBHOE TPEXJTHEBHOE BHYT-
pUOpIOMIMHHOE BBeIeHUE KpbicaMm 3TaHonamMuH-O-cynsdata (D0C) B mo3e 500 mr Ha
1 xr Macchl MPeAOTBPAIIAeT TUICPIITMKEMHYCCKHA IPPEKT MOCTICIYIOIMETO BBEICHHS
’KUBOTHBIM ajlokcaHa [4].

B Tab:. 2 mpeacTaBiieHbl JaHHBIC MO OMPENEICHUIO0 HEHPOAKTUBHBIX aMUHOKHC-
JIOT B MO3T€ MOCJIC 5-THEBHOrO BHYTPHOPIOMMHHOrO BBeAcHUsA DOC B KOMILICKCE ¢ He-
KOTOPBIMH aMHHOKHCIO0TaMH Ha (hOHE BBeIeHHs ajuiokcaHa. Kak BUmHO u3 Tali. 2, uc-
MOJIb30BAHHBIN KOMIUIEKC BBI3bIBA€T JBYKpaTHOe yBenuueHue coaepxanus ['AMK B
MO3T¢ MPH CTATUCTUYCCKH HEIOCTOBCPHOM yMEHBIICHHH YPOBHS IIyTAMHHA U TIOBBI-
IICHUM TJTyTamara.

Taéauua 2.BnustHue koMIuiekca aMMHOKUCIIOT U MHruouTopa ”AMK-TpancamuHassl Ha
cojiepsKaHie HEHPOAKTUBHBIX aMHHOKHCIIOT B MO3T€ KPBIC

AM-TbI, pPM/T 1 2 3 4
AK 2.240.3 2.4+0.3 2.1+0.2 2.6+£0.4
K 7.6+0.9 8.5+0.7 8.1+0.9 8.2+0.7
I'H 3.4+0.5 2.9+0.3 2.840.2 2.7£0.4
I'AMK 2.1£0.2 4.2+0.4* 2.3+£0.3 3.7£0.3%*

Ipumeuanue: AK-acnaprat, 'K-rimyramat, ['H-rinyramun, ' AMK-y-aMmuHOMacnsHas Kuciora
1-MHTaKTHbBIE KPBICHI, 2-KOMIUIEKC, 3-aJJIOKCaH, 4-aJUIOKCAH+KOMIUIEKC. *-CTATUCTHYECKU 3HAYM-
MBI CJIBUTH IO CpaBHEHUIO ¢ rpynnoi 1, p<0.05; **- craTucTuuecku 3Ha4YMMBbIE CIIBUTH IO CPaB-
HEHUIo ¢ rpymnmoii 3, p<0.05.

AJIJIOKCaH, KaK ¥ B MPEKHHUX HAIIMX OINbITaX, HE BBI3BIBAECT CTATHCTHYCCKU 3HA-
YUMBIX U3MEHEHUI B KOHIIEHTPALMK aMHHOKUCIIOT MO3ra, 4TO, MOBUAUMOMY, 00YyCIIOB-
JICHO HETPOHHUIIAEMOCThIO reMaTo-3HIledannyeckoro baprepa s aiokcana. BeeneHue
npenaparoB Ha ()OHEe aJUIOKCaHa BBI3BIBAET JIMIIb JIOCTOBEPHO 3HAYMMOE ITOBBIIICHHE
koHneHTpauuu ['AMK, urto, HecomHeHHO, oTpaxaercsi Ha ["AMK-epruueckux ueHT-
PABHBIX MEXaHU3MAaX PEryJISIIIMU TOMEOCTa3a IIIOKO3bI KPOBH [6].

Taomuna 3.BiusHue koMIuiekca aMuHOKHUCIOT U naruouropa AMK-TpancamMuHa3bl Ha
coJiepXKaHue HEHPOAKTUBHBIX aMUHOKHUCIIOT B HIOJKEITYAOYHOM XKeJe3e KpbIC

Awm-1bI, uUM/T 1 2 3 4
AK 1.2+0.1 1.6£0.2 2.1+0.2% 1.9+0.2
'K 2.4+0.3 2.7+0.4 3.5+0.3* 2.7+0.2%*
I'H 2.9+0.3 3.1+0.3 3.8+0.2* 2.8+0.4**
T'AMK 1.2+0.2 2.5+0.2% 0.7+0.1% 2.14£0.2%*

Obosnauenus me dice, umo u 6 maoi. 2.

W3 nannbIX Tabn. 3 BHOHO, YTO BBEACHHE AJUIOKCAHA BBI3BIBAECT CTATHCTHYECKU
JIOCTOBEPHBIE CIBUTHM B KOHIICHTPAIMN BCEX MCCIEJOBAHHBIX AMHHOKHCIIOT B ITOJKETY-
JIO9HOH sxene3e Kpbic. [Ipu 3ToM Ha (oHE TOBBIMIEHHUS KOHIEHTPALNH JUKapOOHOBBIX
AMUHOKHUCIIOT U TIIyTaMHUHA UMEeT MecTo maaeHue copepxkanus ' AMK, gro, moBuammo-
My, UTPaeT OMNpEAEIECHHYIO POlb B MATOT€HE3€ aNIOKCAaHOBOTo nuabera. Bexenue uc-
CIIelyeMOTro HaMHU KoMIUIeKca moBbimaer ypoBeHb [ AMK kak y mHTakTHBIX (B 2 pasa),
TaK U B OCOOCHHOCTH Y aJUTOKCAHOBBIX KPBIC (B 3 pa3a). AJUTOKCaH KakK U B MIPEKHUX Ha
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[IMX OIBITAX IMOBBINIAT YPOBEHb MpemecTBeHHnKoB AMK riyramuHa u riyramara B
MODKENYIOYHOM JKeNle3€, BhI3bIBasi CHIYKEHHE KOHIIEHTPAIIMH 3TOr0 HEHPOTPaHCMHUTTE-
pa u He#iporpoduueckoro dakropa. B Mo3re comepikaHue HEUPOAKTUBHBIX AMHHOKHC-
JIOT CTATUCTUYECKH 3HAYMMO HE OTIIMYAIOCh OT KOHTPOJIS, YTO, BEPOSITHO, CBSA3AHO C He-
MIPOHUIIAEMOCTBIO TeMaTo-3HIedannIeckoro Oaprepa I aiokcaHa. IISTHIHEBHOE
BBeJIEHME aMHHOKHCIIOTHOTO KOMILIEKCA BBI3BIBAJIO TOBBIIeHHE ypoBHS ' AMK B Mo3re
U TIODKENYJOUHON XKeJle3e aUTOKCAHOBBIX KPBIC KaK B CPABHEHHH C IPYITIOH, IMOJTy4YaB-
1Ieil TONBKO aJUTOKCAH, TaK M ¢ TPYINION WHTAKTHBIX KPbIC. IloydeHHbIE pe3yabTaThl
CBHJIETENLCTBYIOT 00 3()()EKTHBHOCTH HCITOIB30BAHHOTO KOMIUIEKCA HEHPOAKTHBHBIX
AMHHOKHUCIIOT B JICYUEHUH AJJIOKCAHOBOTO JuabeTa, KOTOPBIA MOXET OBITh arpoOHUpOBaH
1 Ha OOJIBHBIX [Ua0eTOM.
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Antibacterial and antimonoamineoxidase properties of new substituted spiro[chromene-
4,3-indolines] and spiro[indoline-3,4'-pyrano[3,2-h]quinolines] were studied. The antibacterial
properties were studied in relation to four strains of gram-positive and gram-negative bacteria, and
antimonoamine oxidase — in 50% rat brain homogenate. The correlation between the antibacterial
and antimonoamineoxidase activities of the synthesized compounds and the biological properties
of compounds with a lipophilicity coefficient (logP) and molecular refraction (MR) were studied.

Spiro[chromene-4,3'-indolines] —spiro[indolin-3,4'-pyrano[3,2-h]quinolines] — antibacterial
properties — antimonoamineoxidase properties — molecular descriptors

3Ginwgnnyt] U inbnuywyws  Unp uwhpn[ppnutu-4,3-hunnihiubph] W uwhpn[punnihu-3,4
whnpnun[3,2-h]ghunihlutph] hwywpwywnbphw W hwywdnunwdhunopuhnwqwiht  hwwnynipnultpp:
Swywpwywnbphwy hwwynientlubpp hGlwgnunytp Bu gpwdpwgwuwywl W gpwdnpwywl  snpu
2unwdutnh Lywwndwdp, huy hwywdnUunwdhUnopuhnwquwihUubpp' welknubph nintnh 50 winynuwlng
hnungGUwwnh UWwwdwdp: NunwWUwuhpdt) B uhtpbqwd  Jhwgnueiniuubph  hwywpwynbphwp W
hwywuJnunwuhunopuhnwquwjhu hwwnynieinlultnh w JdhwgntejnLuutnh yEUuwpwluwywu
hwwnynyeinlulbnh  hwpwpbpwygnieintup  hwyndhinuejw gnpdwygh  (logP) W UniGynijwhu
ntbnwyghwih uhgl:

Uwhpnlepnutl-4,3'-punnihlitibn] — uwhpn[plnnihl-3,4"-whpnln[3,2-h]ghln pulitn] —
hwhwpwlintphwy hwwnlynepntuubn — hwlwdnunwdhUnopupnwquyhl hwwnlynipyniulbn —
uniGyncywn nGulyphwinnpln

VccenenoBaHbl aHTHOAKTEpUAIbHBIC 1 aHTUMOHOAMHHOOKCHIa3HbIE CBOICTBA HOBBIX 3aMe-
LICHHHBIX  crUpo[xpomen-4,3-uHnonuHoB] ©  crupo[unmonus-3,4'-nmupano[3,2-h]xuHoauHOoB].
AHTHOaKTEepHAIbHbIE CBOMCTBA U3y4YeHbl B OTHOLICHUH YETHIPEX LITAMMOB I'PAMIIOJIOKHUTEIBHBIX
U TPaMOTPHULATENILHBIX OaKTepHii, a aHTUMOHOAMHHOOKCH Ia3HbIe — B 50 %-HOM romoreHare Mo3ra
KpbIC. M3yueHa KOppemsuus MeXay aHTHOAKTepHaIbHOW W aHTMMOHOAMHMHOOKCHIIA3HOW aKTHB-
HOCTBIO CHHTE3MPOBAHHBIX COCIMHEHHH M OMONIOrMYECKMMH CBOWCTBAMH COCAMHEHUH C KOd(-
¢unmentom nunodunsHoctH (logP) u MonekymsapHoit pedpakiieil.

Cnupo[xpomen-4,3'-undonunsi]- cnupo[undonun-3,4'-nupano(3, 2-hjxunonunv]- anmubaxme-
PUabHble CEOUCMBA ~ AHMUMOHOAMUHOOKCUOA3HBLE CEOUCTNEA ~ MOAEKYISIPHbIE OECKPUNIOPbL
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ANTIBACTERIAL AND ANTIMONOAMINOXIDASE PROPERTIES OF NEW SPYROOXOINDOLINES

The logic of research to find new potential drugs involves the study of various
types of biological activity of new synthesized compounds in order to identify the most
promising scaffolds and their subsequent optimization. In this regard, in this study, we
studied the antibacterial and antimonoamineoxidase properties of new
spiroheterooxindolines la-e, 2a-f, 3a-e [4,5], the relationship of the activity of the
compounds with the calculated physicochemical descriptors, and an attempt was made to
trace a possible parallelism between the antibacterial and antimonoamine oxidase
activities of the compounds.

la-e 2a-f

la-e: R = CHjs (a), C;Hs (b), C3H; (c), CH,CH = CH; (d); CH,Ph (e);

2a-f: R, R* = CHs, CN (a), CoHs, CN (b), CsHr, CN (c), CHs, CN (d),
CH,Ph, CN (e), CH,COOEY, COOE (f);

33'2: R, Rl = C2H5, CN (a), C3H7, CN (b), C4H9, CN (C), CH206H5,
CN (d), CH,CH = CH,, COOEt (e).

The relevance of the search for new antibacterial drugs is due to various factors,
such as an increase in the risks of infections associated with globalization and mass
migration, the emergence of resistance of microorganisms to antibacterial drugs used in
clinical practice, side effects of the latter and others. At the same time, the search for
new active drugs — monoamine oxidase inhibitors is also very promising, taking into
account both the observed growth dynamics of various depressive states and the need for
new active and safe antidepressants [1].

It is also noteworthy that in recent years there has been evidence that individual
monoamine oxidase (MAQO) and polyaminoxidase (PAQ) inhibitors also inhibit the
enzyme lysine-specific demethylase 1 (LSD1) in vitro, since this enzyme has a certain
homology with the family aminoxidases [6]. Since tumor growth in the xenograft model
of colorectal cancer and neuroblastoma is inhibited by LSD1 inhibitors, it can be
assumed that inhibitors of aminooxidases and, in particular, MAO, can have an
antitumor effect [7].

In this sense, a comparison of the antibacterial and anti-MAO activities of the
compounds may be important for the detection of antitumor properties, since often the
antibacterial activity of chemical compounds is used for the primary indication of
antitumor properties.

The obtained biological test data are also compared with the most commonly used
integral molecular descriptors: lipophilicity (logP) and molecular polarizability (MR),
shown in the table.

Materials and methods. The antibacterial activity of the compounds was studied by the
methods of “diffusion in agar” according to the described method [3]. In the experiments, standard
reference strains of microorganisms were used (L.A. Tarasevich State Institute of Medical
Biological Preparations, Russia): two strains of gram-positive staphylococcus (Staphylococcus
aureus 209p and S. aureus 1) and gram-negative bacilli (Shigella flexneri 6858, Esherichia coli 0-
55) differing in sensitivity to antibacterial drugs, control - antibacterial drug furazolidone. The
source of monoamine oxidase (MAO) was 50 % rat brain homogenate, which was obtained by
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homogenizing the brain in a glass homogenizer with an equal by weight volume of 2.5 % Arcopal
solution; in the obtained 50% homogenate, the MAO activity was determined by the described
method [2]. Each compound was tested in 3-4 experiments, from which the average data were
derived, the control drug -indopane.

Molecular descriptors lipophilicity (logP) and molecular polarizability (MR) were obtained
using the computer program ACD / ChemSketch (version ACD / Labs 6.00).

Results and Discussion. The results of biological studies of spiro[chromeno-4,3'-
indolines] la-e, 2a-f and spiro[indolin-3,4'-pyrano[3,2-h]quinolines] 3a-e are shown in
the tab. 1.

Table 1. Antibacterial and antimonoaminooxidative activity and calculated physicochemical
descriptors of compounds 1a-e, 2a-f, 3a-e and control antibacterial drug furazolidone.

Antibacterial activity Inhibition MAO
Compounds (mm). */ Strains® activity in % of logP MR (+0.4) sm®
A B [ C D control*

la - - - - 49 < 0,05 3.82+0.63 96.62
1b - - - - 42 < 0,05 4.3540.63 101.25
1c - - - - 73 < 0,05 4.884+0.63 105.88
1d - - - - 60 - 4.28+0.75 105.65
le - - - - 37 ** < 0,05 5.63+0.65 121.33
2a 17 15 18 16 77 < 0,05 5.35+0.75 93.79
2b 0 0 |15 | 15 17** - 5.88+0.75 98.42
2¢ 0 0 0 0 - < 0,05 6.4240.75 103.05
2d 0 0 13 | 12 73 < 0,05 6.95+0.75 107.68
2e 0 0 0 0 75 < 0,05 7.1540.75 118.50
2f - - - - 68 < 0,05 6.45+0.75 120.71
3a 10 | 10 0 0 55 < 0,05 4.23+0.75 103.90
3b 13 10 15 12 70 <0,05 4.76+0.75 108.53
3c 15 10 12 10 - 5.29+0.75 113.16
3d 10 | 10 0 0 - 5.51+0.75 123.98
3e - - - - 60 < 0,05 4.93£0.65 119.47

Furazolidone | 25 | 24 | 24 | 24 - - -0.04+0.41 50.61***

Indopane - - - - 86 - 1.73+0.22 56.20***

a. The diameter of the zone of no microbial growth (mm).

b. Strains: A. S. aureus 209p, B. S. aureus 1, C. S. flexneri 6858, D. E. coli 0-55.

* The concentration of compounds is 1 pmol / ml sample, the substrate is serotonin (5-HT).
** Reliability was not calculated due to the low activity of the compounds.

*** Fyrazolidone, MR 50.61+0.5 sm®. Indopane, MR 56.20+0.3 sm®.

Studies of the antibacterial activity of the studied spiroheterooxindolines with
fragments of dimedone and quinoline showed that some of them have antimicrobial
properties. In the series of dimedone derivatives, a moderate antibacterial effect with
respect to all four strains used was found in compound 2a with a methyl group at the
isatin nitrogen atom: a further increase in the size of the substituent in this position leads
to a significant decrease in activity, especially with respect to gram-positive
staphylococci, until the activity disappears (compounds 2b-e). In this series, a decrease
in antibacterial activity correlates with an increase in lipophilicity coefficient (logP) and
an increase in molecular polarizability (MR). Among the quinoline derivatives, only
compounds 3b, 3c showed some antibacterial effect on all four bacterial strains, while
derivatives 3a, 3d were only weak in relation to gram-positive staphylococci; however,
no relationship was observed between antibacterial activity and the values of integral
molecular descriptors in this series.
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When studying the antimonoamineoxidase activity of spiroheterooxindolines, it
was found that all the studied compounds (with the exception of derivatives 1b, 1e and
2b, which showed relatively weak activity) have a sufficiently pronounced
antimonoamineoxidase effect (inhibition of the enzyme activity in the range of 49-
77%), that does not depend on the lipophilicity coefficient (logP) and molecular
polarizability (MR) values. It can be noted that, in a series of studied groups of
compounds, the highest antibacterial and antimonoamineoxidase activity was shown by
the dimedone 2a derivative. You can also notice that compounds 2a, 2d, 3b, exhibiting a
slightly more pronounced antibacterial effect against gram-negative cocci (with the
exception of compound 2e, which is completely devoid of antibacterial properties), also
have a pronounced antimonoamineoxidase activity (inhibition of enzyme activity of
more than 70 %). The last observation, however, requires additional research on a larger
number of derivatives.

Thus, compounds exhibiting antibacterial and antimonoamineoxidase properties
were found in the spiroheterooxindoline series, and only in the series of dimedone
derivatives was a certain correlation between the size of the substituent at the nitrogen
atom in the isatin fragment and the increase in lipophilicity coefficient (logP) and
molecular polarizability (MR). At the same time, the studied substances were
significantly inferior in activity to the control preparations furazolidone (d = 24-25 mm)
and indopane (86 + 6 %).
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Ioka3aHo, 4TO TPH OTHOCHUTEIHHO MaJbIX KOHIEHTPAIMSAX MPOTHBOOITYXOJIEBOTO Mpera-
para MHTOKCaHTPOHA (KOTZa OJ(Ha MOJIEKyJa JIMraHIa NpuxoauTces npumepHo Ha 100 u 6omnee map
ocHoBanwmii JIHK) npu nonnoit cune 0,01 1M NaCl tepmocrabunbaocts JJHK yBennuuBaercs npu-
ommsurensHo Ha 1° C, ecim pacTBOPHI 06MTydaTh MULTHMETPOBBIMH SEKTPOMArHHTHBIME BOTHA-
MU HETeI10Boi MHTeHCUBHOCTU yactoTamu 64,5 [T u 50,3 I'T'h, coBnagaronMu ¢ pe30HaHCHbI-
MH 4acTOTaMH KoJieOaHUi BOJHBIX MOJICKYIAPHBIX CTpyKTyp.Habmonaemoe sBieHue 00ycioBie-
HO YBEJIMYEHUEM J0cTYNHOCTH Moiekyal MTX cBsS3bIBaThCS 3I€KTPOCTATHUECKH C IIOBEPXHOCTHIO
JHK, Bcneacrue nzmenenus ruaparanun JJHK o6myuennem.

ﬂHK‘MHWlOKcaHmpaH — Hemenjoeble MUNIUMEMPOBbLE INIEKMPOMACHUMHbLE 60JIHbL

8niyg £ wmindb, np hwywnienigpwihu Jhwgnientt Uhinnpuwluinpnuh hwpwpbpwywl thnpp
ynugbuinpwghwih nGwenid, Gpp Yuf@-h 100 W wybih qnig hhdptph htwn Yuwwynid E thgwunh UGy
Uniyny, 0.011 M NaCl pnuwywu nwdh nbwpnd, YUE-h sEpdwywniunyeniup UGdwunwd £
Unuinwynpwwbu 1°C-nq, Gpp |nwdnyep dwnwawjrynd £ oph UniGYniwihu wrnygubph ubthwywl
inwwnwunwdubph  hwéwpnwenluutph  htin hwdpuyunn 64,5 GHz W 50,3 GHz nbtgnUwUuwihu
hwoéwhunejnllubp niutignn ng bpdwihu huntuuhyniejwl JhihuGunpwung EGYunpwdwgquhuwywl
wihpubpny:  “hwnygnn  Gpngep  wwpdwlwdnpywéd b dwnwgwjpdwl  hGinlwupny  Yu@-h
hhnpwwnwgdwu thnthnpuntejwdp, nnh 2unphhy Uhinnpuwuwnpnup UniGyncubph YU@e-h dwybplenyeh
hGwn ElGYunpwunwnhly thnpuwgnbgnientul wytih Uywwnbih £ nwnuncd:

QU6 — dhwnnpuwlinnnl — ng pipduyhl dphdtiinpuypu b GhinpwdwqUpuwluwt wihpUbn

It is shown that at relatively low concentrations of the antitumor drug mitoxantrone
(MTX)(when one ligand molecule is in about 100 or more pairsbases of DNA) with an ionic
strength of 0.011 M NaCl, the thermal stability of DNA increases approximately by 1°C, if the
solutions are irradiated with millimeter electromagnetic non-thermal intensity waves with
frequencies of 64.5 GHz and 50.3 GHz, coinciding with resonant vibrational frequencies of water
molecular structures.The observed phenomenon is due to the increased availability of MTX
molecules to bind electrostatically to the DNA surface due to changes in DNA hydration by
irradiation.

DNA-mitoxantrone — non-thermal millimeter electromagnetic waves
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buoxumuueckue uccnenoBaHusl MOKa3ajik, YTO MPOTHUBOOMYXOJEBBIM mpemapar
mutokcaHTpoH (MTX), mpoHuKas B KIETKY, H3MCHSCT CTPYKTYpPY XpOMAaTHHA,
CBsA3bIBasCh ¢ HykienHoBbIMU kucimotamu (HK) [10,15]. OOoOmias nureparypHbIe
JlaHHBIE, OTHOCsAUMecs MexaHu3Ma cBsizbiBaHuss MTX ¢ HK, MoxkHO yTBepkaaTh, 4TO
cBs3piBane MTX ¢ aBycnupansHeiMu HK MokeT ocymiecTBiATCS Kak MpU MOMOIIH
MONMYHHTEPKAISMK ~ apomatuueckux  komen MTX  (puc.l),Tak u 3a cuer
AJIEKTPOCTATUYCCKOTO B3aMMOJICHCTBHS OTPHIIATEIIFHO 3apsDKEHHBIX (hochaTHBIX TPYIIT

HK ¢ NH-rpynnamMu MTX, koTopsie npu HelTpanbHbIX pH 3apspkaroTcst HONOXKUTENBHO
[5-7, 9].

OH o} NH(CH,) N(CH,) ,OH
& ! Y
oS ‘ 7

OH o NH(CH,) ,N(CH,) ,OH

Puc.1 Xumudeckas ¢popMyna MUTOKCAHTPOHA

N3BectHo [5, 16], 4To mpH HHTEPKAJSAIMOHHOM CBSI3bIBAHWM YBEITUUMBAETCS
tepmoctadbmwibHocTh JJTHK. OnHako cpaBHUTENEHO HEAABHO OBLIO MOKa3aHO [7], 4To mpu
MaJIbIX 3aroJHEeHHsX, Korjaa oqHa monekyna MTX cBs3biBaercst npubinzutenbao ¢ 200
mapamu  ocuoBaumit JJHK, Ttepmoctabumsrocts JIHK mpuGmmsurensio na 1-2°C
yMEHbIIAeTCs, MPUYEM BEIMYMHA U3MEHEHHS TEMIEpaTypbl IUIABIEHHUS T, CHIBHO
3aBUCUT OT MOHHOW CHJIBI: YMEHBIIAETCS C YBEIMYCHHEM HOHHOW cuibl. B paborax
[4,11] 6bu10 MOKa3aHO, YTO oOIyueHue pactBopoB JJHK MHIIMMETPOBBIME AJIEKTpOMAr-
HUTHBIMH BostHamu (MDOMB) cnaboii MOIIHOCTH PE30HAHCHBIMH YaCTOTaMH KOJIeOaHHi
BOJIHBIX MOJIEKYJISIPHBIX CTPYKTYp (TpHaJ U '€KCOI€HOB) MPUBOIUT K YBEIHUYEHUIO TEP-
MoctabwibHocTu JJTHK, nmpuuem yBenuuenue Ty, tocturaetr HanOoOIbIIETO 3HAYCHUS MIPU
o6yaenun 90 MuH.

Lenpto nanHON paboThl OBUIO HCCIENOBAHHE TEPMOCTAOUIBHOCTH KOMILIEKCOB
JHK. MTX npu cpaBHUTEIbHO Masbix KoHLEHTpammix MTX, 3apanee o0mydeHHBIX
90muH c pezonancHeiMH (50,3 ITm m 64,5 I'To) u nepezonancHoit (48,3 I'T)
YacTOTaMH KoJieOaHUH BOIHBIX MOJIEKYJISIPHBIX CTPYKTYP.

Mamepuan u memoouxa.B pabore wucnonszoBanu JHK tumyca Tenenka (€60~
6550 M em ™) 1 MTX (£655=25090 M em™). Bee mpenapatsr upms “Sigma”. Hccnegopanus
MPOBOIMIKCH B BOAHOM pactBope, coaepkamiem 0,01MNaCl, ImM Tpuc, 0,5mM 3ATA, pH
=7,4. CnexTpsl NOrjiomeHus 1 Kpusble miasnenus kommiekcos JJHK.MTX nomy4eHs! Ha ClieKT-
podoromerpe SPECORD UV-VIS. [lns cHATHSA KPUBBIX IUIaBICHUS (3aBUCUMOCTH IMOTJIOIICHHUS
mpu 260HM OT TeMmImepaTypbl)0ObIYHO KCIIONB30BAJICS HEMPEPHIBHBIA PEKHM HarpeBa pacTBopa
JIHK co ckopocTbio 0,2-0,30C/MI/IH.

M3mepenus npoBOaMiIN B TEPMOCTaTHPOBAHHBIX sSUeliKaxX ¢ ucroiab3oBaHueM 10 MM KBap-
LIEBBIX KIOBET C IUIOTHO 3aKPBIBAIOIIMMHCS KPBINIKaMH. V3MepeHus MpoBOAMINMCH B MHTEpBase
TeMIIeparypsl OT 20° 0 98°C. KpuBsble miaBneHns: Kaxaoro oopasia CHUMaIuch o 5-6 pas. U3
Ka)XI0M KPHMBOI IUIaBJICHUS BBIYUCIISUTM MapaMeTpbl miasieHus (temneparypa (Try) M MHTEpBan
(AT), 3atem 3TH mapameTpsl ycpeaHsiuch. OOMydeHne pacTBOPOB MPOBOAMIM B CIIEIHAIbHOM
CTEKJITHHOM cocyjie. PacTBOpbI CBEpXy 3aKpbIBAIMCh MPO3PAuHON JUIsl U3JIy4EHHUs] TOHKOW XJIOp-
BUHIIOBOW TuieHKoM. Tommunaa obpasua npubmusutenbio 1-2mMm. st 0OMydeHus UCTOIb30Ba-
nuchk renepatopbl [4-142 u I'4-141(Poccust). YactotHeiid auanaszon s ['4-141 cocrasnser 37,5-
53,7 I'T' (IU10THOCTH MOTOKA B MECTEe HaXOXKAEHUs oOpasua cocrasisuia 0,6 MBr/cM? ), ms I'4-
142 53,3-78,33I'T1; (ruioTHOCTH MOTOKa 50 MKBT/cM? ).
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Pesynvmamel u oocyyncoenue.B padorax [2,3,11,12] Obuto TOKa3aHO, YTO IO
nevictBreM MOMB Gu3nKo-XUMUYECKAE CBOWCTBA BOMHBIX U BOTHO-COJCBBIX PACTBO-
poB JIHK mpereprnieBaroT MakcuMaabHOE H3MEHEHUE TIPU 00aydeHud 90MUH. pe3oHaHC-
HbIMH YacToTamu 64,5 u 50,3 I'T konebaHuil BOJHBIX MOJCKYJISIPHBIX CTPYKTYp. [1o3-
TOMYy B JaHHOH paboTe OBUIa UCCICIOBaHA TEPMOCTAOMIBHOCTh KOMILUICKCOB
JHK.MTX, 3zapanee oOnyueHHbIX 90 MUH pe30HaHCHBIMHU U Hepe3oHaHcHOU (48,31Tm)
YacTOTaMHU.

Ha puc. 2 u 3 npuBeneHbl KpUBBIE TUIABJICHHS HEOOIYUEHHBIX W OOJy4EHHBIX
(64,5 I'Tu) JHK B xommuiekce ¢ MTX, a B Tabn. 1 gaHbl mapameTphl IUIaBIeHUS] HEO0-
Jy4eHHBIX U 00mydeHHbIX KoMIuiekcoB JJHK.MTX, onpezneneHHbIX U3 KPUBBIX TLUIaBIIe-
Hus. Kak crmemyer u3 puc. 2 U ObUTO MOKa3aHO B paboTe [7], IpU MaJbIX 3amOHCHHUIX
(xpuBast 2) npoucxomut necradbuimzanms AT-0oraTteix ydactkoB u crabuimm3anust ['11-
0oraThIX y4acTKOB, BCIEACTBUE yero ymeHbinaercs T, JIHK u yBenuuusaercs AT. Jlns
00syueHHbIX KoMIUlekcoB (puc.3) addexr necradmnmzaumu AT-0oraThix y4acTKOB
JHK nposiBnsiercs cnabee. Kak cenyer u3 puc.3 u tabun. 1, npu o0nydeHn pacTBOpoB
JHK.MTX koMmIuieKcoB pe3oHaHCHbIMU uyactotamu |p/JHK mpu Manpix 3anonHeHmsix
(Co/Cp <0,01, re Co-xonuentpanus MTX, a Cy-konuentparus JJHK B pacuere Ha map
OCHOBaHHI) HEMHOTO YBEJIMYHUBaeTCs, AanbHeiimee yBeanuerne Co/C, mpuBoauT K yBe-
muennto T, uAT.

Tadmuna 1.3HaueHne mapaMeTpoB IUIaBJICHUS] HEOOTyIeHHBIX U
obnmyuennsix IHK B koMIIEKCE CMHUTOKCAHTPOHOM

OTtHOCHTEITB- Heo6nyuennas JITHK| O6aydennas 90 munyt JHKB kommiekce ¢ MTX

Hasl KOHIICHT- B kommiekce ¢ MTX | Yacroroii 64,5 I'Tu | Yacroroit 50,3 I'Ty | Yacroroii 48,3 I'Ty
patus Tm, °C AT ’C Tm, °C AT,’C Tm,°C AT,’C Tn’C ]AT’C
MTX (Co/Cp)

0 68,6£0.1 |9,8+0.1 |69,7+0.1 |9,9+0.1 [69,6+0.1 |10,0£0.1 |68,5+0.2 |9,9+0.1
0,0014 67,0£0.2 |11,240.1 67,6+0.1 [11,3+0.1 [67,5+0.1 |11,2+0.2 |66,9+0.1 |11,3+0.1
0.002 66,7+0.1 |12,840.2 167,3+0.1 [13,0+0.2 |67,1+0.1 |13,1+£0.2 |66.8+0.2 |12,9+0.2
0.005 66,4+0.1 [14,0+0.1 66,8+0.1 [13,8+0.2 [66,7+0.1 |14,1£0.2 [67,0+0.1 |14,1+0.2
0,009 68,4+0.2 |15,3+0.2 169,1+0.2 [15,2+0.1 [69.0+0.2 |15,0+0.1 |69,0+0.2 |15,1+0.2
0,012 70,2+0.2 |19,0#0.2 ]70,8+0.1 [19,5+0.2 |70,7+0.1 [19,1+0.1 |70,3+0.2 |19,7+0.1
0,02 72,6+0.1 |22,1+0.2 |73,4+0.1 [22,0+0.2 [73,3£0.2 |21,9+0.2 |72,7+0.1 |22,0+0.1

IIpumeuanue. ViutepBan nnapiaeHus AT onpeneneH Kak pa3HOCTh TEMIIEPATyp B TOUKAX, /I ONTHYECKAs
mioTHOCTH pacTBopa JJHK m3mensiercs ot 17 1o 83 %. Co- KOHIIEHTpAIHs MUTOKCAaHTPOHA, a Cy-KOHIICHT-
pauus JHK B pacuere Ha map HyKJICOTHIOB.

Puc.2 Kpussie mnapnenus komiuiekcoB JJHK-MHUTOKCaHTPOH MPH HEKOTOPBIX OTHOCHTEIBHBIX
KOHIeHTpanusx MuTokcantpona: C,/Cy-0 (1); 0,02 (2); 0,012 (3) 1 0,02 (4).

— crenens cnupanbHocT JJHK.
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MzBectHO [5,8], uTo mpu Mainbix 3anonHenusx MTX cBsaseiBaercsa ¢ AT u GC-na-
pamu 1o pa3HeIM MexaHuzMam: ¢ GC-napaMu NONTyHHTEPKAIALNOHHBIM, a ¢ AT-nmapamu
Mapajie]IbHO C TONyHHTEpKaJsIueil HaOroaercst U BHemHee cBsi3biBanue. llpu obuy-
YEHUH )K€ BOAHO-coMeBbIX pacTBopoB JIHK pe3oHaHCHBIMHM YacTOTaMH MPOUCXOIUT H3-
MEHEHHUE THUapataiuyd WOoHOB [1-3,12], BCleACTBUE 4YEro yBEIMUMBAETCS JOCTYIMHOCTh
¢docoarnbix rpymn JJHK smextpocratiuecku cBsizbiBatcst ¢ Mosekyntamu MTX. Benen-
CTBHE 3TOr0, MOcKoinbky MTX mpu Manbix KoHIeHTparwmsax ¢ AT OoraThIMU ydacTKaMu
CBSI3BIBAETCS] M BHELITHUM 00pa30M B 9THX YYacTKaxX W3-3a YBEJIIMYEHHs IUNIOTHOCTHU I0JI0-
JKUTEITBHBIX 3apsiIOB NPOUCXOJHT JIOKaJTbHAsl JECTa0MIN3alisl JBYXIEIOYHOW CTpPYK-
typsl JJHK [7]. ITox BnussHuem MOMB atoT 3ddexT yacTuaHo KOMIEHCHpYeTCs, O/1-
Hako necradwnmmsupytoriee neiicteue MTX na AT Gorateie yuactku JJHK Oomnbine,yem
crabmnusupyroniee Biussaue MOMB, BeienctBue uero u Ty, 00JTyUEeHHBIX KOMILJICKCOB
JHK.MTX ymensbaercs. [Ipu obnyueHnn pactBopoB HepezonancHoi 48,3 I'T'y yacTo-
TOM, Kak criexyer mu3 tabn. 1, mapamerpsl masnenus JJHK B npepenax morpemmHocTH
SKCIIEpUMEHTa OCTAl0TCsl HEM3MEHHBIMHU.

Puc.3 Kpussie mnaenenust komiuiekcoB JJHK-murokcanTpon, o6ayueHHbix 90 MUH YacToTOM
64,5 T'T1 Ipu HEKOTOPBIX OTHOCHTEBHBIX KOHIIEHTpalusx Murokcantpona: C,/Cy-0(1),
0,002 (2), 0,012 (3) 1 0,02 (4).

CrienoBaTenbHO, iN Vitro SKCHEepHMEHTABHBIC JAHHBIC TOKA3BIBAIOT, YTO IECTa-
oummsammsa AT-6orateix ydactkoB JJHK mpu Maneix 3amoiqHEHHSIX MHTOKCAHTPOHOM
YMEHBIIAETCS, €CIU KOMILUIEKCH! 00 IydaTh PE30HAHCHBIMH UL KONEOaHMH BOTHBIX MO-
JIEKYJSIPHBIX CTPYKTYp yacTotaMd. CpaBHHTENBHO HEAABHO iN VIVO HCCICIOBAHO KOM-
OMHUpPOBaHHOE JCWCTBUE MPOTUBOOITYXOJIEBBIX IpernapaToB u oomyuenns Ha JJTHK orry-
xomu [13,14]. VccnenoBanus moKa3ajiw, YTO KOMOMHUPOBAHHOE BIUSHHE POTHUBOOITY-
XOJIEBBIX TIPENApaToB U OOJy4EHUs IIPUBOIIT K YBEIMUCHHIO IMPOTHUBOOIYXOJIEBON aK-
THUBHOCTH MPENAapPaTOB M YMEHBIICHUIO MOOOYHBIX HEXeTaTeIbHBIX 3P (deKToB.

O0600mIas HamyM SKCIIEPUMEHTAIBHBIE JaHHBIEC 110 BIMSHUIO OOMYYEeHHS Ha CTa-
omwrpHOCTE KoMIutekcoB JJHK.MTX mpu ManmbIx 3amoNHEHHSX, MOXKHO IPEAIIOI0KHUTD,
YTO, BEPOSITHEE BCero, AononauTensHas cradmmusamust JJHK.MTX komiuiekcos, Beien-
cTBHE 00IydeHHs IPpUBOANT K ToMy, 9To JIHK ormyxoseBbIX KIIETOK, BOBJICUYEHHBIX B MH-
TOTUYECKUH IMKJ, CTAHOBUTCS MEHEE IIO/IBEP)KEHHON OECKOHTPOIBHOMY pa3MHO-
KEHHIO.
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African swine fever (ASF) virus is one of the most devastating diseases of domestic pigs
for which no effective vaccines are available. Flavonoids, natural products isolated from plants,
have been reported to have significant in silico, in vitro and in vivo antiviral activity against
different viruses.

ASF — ASFV — PolX — flavonoids — in silico

fungtph wdphywl dwlinwhunh yhpneup (vUdd) punwuh fungbph wdtuwynpdwlwnwn
hhywunntpe|nilltphg £, nph nGd wpnniwybn ywndwunwuynyetn nbn gnjniegyniu sgncubu: Snyg £
npjwd duynunpnutpp pnyubphg qunywd puwywl Uniptpp, gnigwpbntp GU qquih hwywyh-
nnLuwjhu wywinhynipinitu tnwnptn yhpnwautiph ntd in silico, in vitro W in vivo thnpatph dwdwuwy:

ld — vlddd — Pol X — gywynunpnlbin — in silico

Bupyc adpukanckoit uymbl cButeir (BAUC) siBisiercss BBICOKOKOHTArO3HbIM BHPYCHBIM
3a0o0JIeBaHKEM, TIPOTHB HEro He UMeeTcst HU (P PEeKTHUBHOro JieueHusl, HA BakiuH. [Toka3aHo, 4TO
HaTypaJibHbIe MPOAYKTHI BBIACTCHHBIC U3 PACTCHU (IaBOHONABI, 00IaIAI0T 3HAYUTEIBHON MPO-
TUBOBUPYCHO# in Silico, in Vitro u in ViVO akTHBHOCTBIO MPOTHB Pa3IUYHBIX BUPYCOB.

AYC — BAYC — Pol X — ¢hnasonouowt —in silico

African swine fever (ASF, Montgomery disease) is an acute infectious viral
disease of domestic and wild pigs, caused by DNA-containing virus of the Asfarviridae
family, genus Asfavirus. The disease develops in asymptomatic, super-acute, acute,
subacute and, less commonly, chronic forms. Domestic and wild pigs are susceptible to
the disease, regardless of age, breed and season [1-3].

According to a number of authors in the Caucasus, the disease was registered in
Georgia in March — April 2007 [4].

The first outbreak on the territory of Armenia was registered on August 6, 2007
in the northern region of the republic, bordering with Georgia. The agent of disease most
likely penetrated from Georgia. ASF could be brought in by lawful transportation or
smuggling of pigs and pork products, from moving freely across the border domestic
pigs or wild boars. Most outbreaks were recorded in the same northern regions,
bordering Georgia. The last officially confirmed outbreak occurred in May 2008.
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Ongoing surveillance focuses on four previously infected areas woodlands where pigs
graze.

On August 16, 2018, the National Center for Animal Health and Epidemiology of
China recorded an outbreak of African swine fever in Henan Province, an area in the east
part of China.

ASF is an economic disaster for the pig industry due to the following reasons:

- high contagiousness and mortality (mortality of this disease can reach 100%
while surviving animals remain lifelong virus carriers);

- lack of vaccine. As aresult, the only way to eliminate it is the mass slaughter of
susceptible animals in the threatened zone, a total ban on any movement of products
made of pork, in addition to the huge costs of containing and eliminating the infection,
which, in general, is a disaster for the cattle raising industry [5-7].

DNA polymerase X in African swine fever virus.

African swine fever virus contains the smallest DNA polymerase X (PolX). PolX,
belonging to the X family, is an important participant in excision repair of bases. PolX is
able to correctly restore the DNA structure after removal of the “wrong” bases using
DNA glycosylases, and carries out DNA synthesis in areas containing “gaps”.

PolX is a slow-acting enzyme that lacks 3'-5'-exonuclease activity, it also has a
very low pyrophosphorolysis activity. It is another feature is the presence of additional
activity of removing deoxyribosylphosphate residue during DNA repair [8].

PolX consists of 174 amino acid residues and has a molecular weight of 20 KDA.
It is about half the size of the smallest known DNA Polymerase  (Pol ).

The experimentally studied tertiary structures of DNA PolX obtained by NMR
[9] and X-ray diffraction analysis [9] showed high similarity to the Palm and Thumb
domains of Pol B. Figure 1 shows the tertiary structure of Pol X: the N-terminal Palm
domain consisting of 10 B-sheets (1-10) and 3 a-helices (A-C); C-terminal Thumb
domain consisting of 3 B-sheets (11-13) and 3 a-helices (D-F).

;‘?ﬂ‘) 5{5’.1:.,,..,,“”

Fig. 1. Tertiary structure of DNA Polymerase X

In 2017 it was found, that the PolX substrate has a phosphate group (5°-P) at the
5" end with which PolX binds to DNA. Previous kinetic studies have shown that 5’-P can
significantly increase the catalytic activity of PolX. In homologous structures, the 5’-P
groups interacted with the 8-KD domain, which is not happening in PolX [9].

A 5'-P binding site was found in PolX, which is located in the Thumb domain.
The 5'-P binding site is positively high charged. Two Arg residues (Arg125 and Arg168)
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and one Thr residue (Thrl66) are involved in pocket formation and they form five
hydrogen bonds with 5'-P.

The amino acids Argl125 and Argl68 are variable in the PolX family. Although
homologous proteins have Arg residues, for example, TtPolX has Arg268
(corresponding to Argl25 AsfvPolX), and hsPolp and RatPolp have Arg328
(corresponding to Argl68 of PolX), none of them have two Arg amino acids in
corresponding positions, which indicates 5'-P is a must-have and unique pocket for
PolX. [10]

A superposition of the tertiary structures of all the studied DNA polymerases
showed, that the 5'-P pocket can undergo large conformational changes in the absence of
5'-P DNA. Therefore, we can conclude, that the inhibition of 5'-P may result in
obstruction of the binding of viral DNA and subsequent repair of damaged areas.

All the abovementioned suggests that ASFV-Pol-X can be a good candidate for in
silico antiviral screening.

Flavonoids

Flavonoids are polyphenolic compounds of plant origin. At present, the spectrum of
action of these compounds in the human body is determined, they are anti-inflammatory,
antifungal, antibacterial, antiviral, anticarcinogenic, nephroprotective, hepatoprotective.
The established properties of flavonoids open up wide possibilities for their use as
medicines, which do not have serious side effects, unlike synthetic analogues [11].

AIM AND OBJECTIVES

The research was aimed at studying the effects of phenolic compounds on the
PolX protein tertiary structure for clarifying their antiviral activity against ASFV.

To achieve the goal, the following objectives were set:

1. Carry out the search of all available flavonoids and their analogues structures
to create a compounds library.

2. Carry out a virtual ligand screening and molecular docking simulation of
compounds library with PolX in 5'-P binding site.

Materials and methods. The determination of PolX ligand-binding pockets, a search of
flavonoids and their derivatives structures, virtual ligand screening (VLS) and visualization were
performed, using the software package ICM-PRO 3.8-5 [12, 13]. In conducted experiments, the
structure of PolX was used, obtained by X-Ray [PDB ID: 5HRI], which was retrieved from Protein
Data Bank.

Based on the basic chemical structures of all classes and subclasses of flavonoids, a
substructure search was performed in the MolCart database, on the basis of which has been created
a library of flavonoids and their derivatives, containing 26618 compounds. Also, all Metabolomics
(6850 compounds) and Phenol-Exploere [14] (523 compounds) databases have been used. These
libraries have been merged and duplicates have been removed from them. The final library of
flavonoids and their derivatives contains 33325 compounds.

Results and Discussion.

Virtual ligand screening of flavonoids and their derivatives.

The structure of PolX protein for in silico experiments, obtained by retrieving the
three-dimensional crystal structure from the Protein Data Bank (PDB ID: 5HRI) and the
studied interaction pocket, have been used for docking and VLS with the obtained
library of flavonoids and their derivatives. VLS has been conducted in the condition of
full ligand flexibility. From 33325 compounds, 3 showed good results with interaction
energy less than -32 ICM Score, which is considered as minimum allowable interaction

81




V.G. ARAKELOV

energy in the ICM-PRO program. For these compounds, the VLS and docking
experiments have been independently repeated 10 times.

Inhibition of PolX 5°-P interaction site.

2,3-Dehydrokievitone interacts with -50.68 ICM Score, forming 2 hydrogen
bonds in the 5'-P interaction pocket of PolX (fig.2).

R41/HE 2.49488
L174/HN 1.838122

Fig. 2. Localization and interaction sites of 2,3-Dehydrokievitone in Pol X 5’-P pocket.

From interaction sites of 2,3-Dehydrokievitone with PolX should be highlighted
Leul74, which is necessary for the interaction of PolX with DNA. The localization of
2,3-Dehydrokievitone in the 5'-P interaction pocket can lead to inhibition of the PolX-
DNA complexation.

Licodione interacts with -46.88 ICM Score, forming 3 hydrogen bonds in the 5'-P
interaction pocket of PolX (fig.3).

R41/HE 2.405756

R168/HN  1.655505
L174/HN 1.697852
@
@D
@
D) % @D
©L @S

Fig. 3. Localization and interaction sites of Licodione in Pol X 5°-P pocket.

Argl168 and Leul74 should be highlighted from interaction sites of Licodione
with PolX, which is necessary for the interaction of PolX with DNA. The localization of
Licodione in the 5'-P interaction pocket can lead to inhibition of the PolX-DNA
complexation.

Myricetin interacts with -46.79 ICM Score, forming 3 hydrogen bonds in the 5'-P
interaction pocket of PolX (fig.4).
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. R168/HN 1.76043

L174/HN 2.03697
F114/0 2.14596

Fig.4. Localization and interaction sites of Myricetin in Pol X 5’-P pocket.

Phell4, Argl68 and Leul74 should be highlighted from interaction sites of
Myricetin with PolX, which is necessary for the interaction of PolX with DNA. The
localization of Myricetin in the 5'-P interaction pocket can lead to inhibition of the
dGTP-DNA complexation. Myricetin, like the above compounds, theoretically can lead
to inhibition of the 5'-P pocket, which can lead to inhibition of the PolX-DNA
interaction and to disruption of the viral DNA reparation process.

As a result of the in silico experiments, in particular, virtual ligand screening and
molecular docking, polyphenolic compounds have been identified, they have plant origin
with an inhibitory effect on the tertiary structure of PolX.

The following conclusions may be drawn from the results of our study:

1. The flavonoids have been identified, which showed a high degree of
interaction with the 5'-P pocket of PolX, which is necessary for the interaction of PolX
with DNA.

2. The obtained results showed the possibility of using polyphenolic compounds
as inhibitors of PolX and as possible therapeutic agents against ASFV.
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BO3JENCTBHUE ITPOJIMHOM BOTATOI'O IENTHUJIA HA
AKTUBHOCTDB AT®A3bI U IYPUHHYKJIEO3UA®OCP®OPUJIIA3BI
B MUTOXOHAPUAX MO3I'A U IIEYEHU BEJIBIX KPBIC PA3ZHBIX

BO3PACTOB ITPU KOPA3OJI-UHAYIMPOBAHHBIX
SHMUWIENITU®OPMHBIX ITPUITAIKAX

JL.T. IOTOCSIHY, K.M. AKOIISIH!, A.C. MAPTAPSIH?,
P.B. BAJIAJISIH?, A.A. CAMOHSIH?

Y Unemumym monexynsipuoti 6uonoeuu HAH PA
2I/IItcmumym ouoxumuu um. I'.Bynsmsna HAH PA

B rpymmax ¢ mprMeHeHHeM Kopa3oia M IPOJIMHOM 0OraToro MOJHIENTHIA M Kopa3oia
HaOmoaercs nofasnenue akrusHocT [TH® B 0boux opranax. Axkrusaocts [TH® B neuenu kpsic
OKa3anach yCTOWYMBON K JEHCTBUIO BBIIIEHA3BaHHBIX COEAMHEHMH. CIBUIM B KaTaIUTHYECKOH
akTuBHOCTH AT®a3 B MUTOXOHJPHUAX MO3ra y OeNbIX KpPBIC TPeX pa3HbIX Bo3pacToB (3-, 6- u 9-
Mec.) IIPU KOPa30JI-UHIYIUPOBAHHBIX SITHIENTHHOPMHBIX CyI0pPOTrax HEOAHO3HAUHBI.

Tponunom 6oeamviii nonunenmuo — nypunnykieosuogocgopunaza — ATdazvl —
KOPA307 — AKMUSHOCMb

Unpwgn, U Jhwdwdwuwy wpnihuny hwpnun  wnihwbwwnhn no Ynpwgnp unwgus
tudptpnud  nhingnwd £ MUd-h  wynhdnipjwl  dupnd  wpjwu - phéndyned W glhunwntinh
Jhwnngnunphnidubpnid: Mwnqybp £, np webGwnubph gwpnnud MUd-h wynhynieyntup ybpp Lpwéd
wwwnpwuinwuntetph wndwdp Yuwjnu E: Uwyhwnwy wnubwnubph Gpbe  twppbp  tnwnphpwhu
tudpbpnud (3, 6 W 9 wduwywl) gqihunintnh Jhwnnenunphnudubph UGdwqutph  Yuwnwihnhy
wywnhyniejwl  nbnuwpwndtpp Ynpwgningd  Jwywéywéd  Ewyhlbwyuwudwl  Unwwubph  dwdwuwy
Jhwuwnhy gGu:

TMnnihuny hwpneuwn wn hwbuinpn —wnippuunclyEnqghndnudnnpwq — LEdwqutin —
Ynnwaqny — wlywnpyncpintu

In groups with using corazole and proline rich polypeptide and corazole, inhibition of
PNP activity in both organs was observed. As for the properties of PNP in the liver of the rats, the
enzyme proved to be resistant to the above mentioned preparations. In the catalytic activity of
ATPases in the mitochondria of the brain in white rats of three different ages (3, 6 and 9 months)
during corazole-induced epileptiform seizures were ambiguous.

Proline-rich peptides — purine nucleoside phosphorylase- adenosine triphosphatase—-
corazole-activity

AKTyaJTbHOCTD M3YYEHHUS DIMICIICHH OOYCIIOBJIIEHA BBICOKMIM YPOBHEM 3aboure-
Baemoctu [1, 15, 16]. AutiMukpo6ubie menTuasl (AMIT) — BakHeHIE MOEKYIISIPHbIE
(baKkTOphl BPOXKICHHOT0O UIMMYHHTETA, 3alUIIAIONIHE OPTaHU3M OT MHQEKUIUA U pa3BH-
Tus onyxonei[17, 11]. OmauM 13 OCHOBHEIX HarpasiieHud uccienosarns AMII B moc-
JIeJIHee BpEMsl CTAJI0 M3YYEHHE MOJIEKYISIPHBIX M KJIETOYHBIX MEXaHW3MOB UX OHOJIOIH-
YecKOl aKTHBHOCTH, oOecrieunBaromux ydactiue AMII B peanmzanum 3amuTHEIX (QYHK-
i opraamsmal2, 9, 12]. B xone qaHHOTO MCCIe0BaHNs OL[EHUBAIACh BO3MOKHOCTh
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HCIIONIb30BaHMs MPOJIMH-00raToro IMOJMIIENTHAa B KayeCTBE BO3MOXKHOTO PETYIsITOpa
aktuBHocTH [THO.

B nacrosmeii padore ncronpzoBansl AMIT ¢ BRICOKHUM coziepKaHueM MpoJinHa—
nponuHoM Oorateiid mentun ([1BIT). [ypunaykieosuadochopmiasa (ypHHHYKICO3UI:
optodochatpudoszmn Tpanchepaza — [THO, KD 2.4.2.1.) sBisercss oqHUM W3 BaKHCH-
muX (EepMEHTOB, XapaKTepHU3yIOIIUX UMMYHHBIH ctatyc opranusmall0, 4]. TTockonbky
JuTepaTypHble AaHHble oTHocuTenbHO BiusHug [IBII wa TIH® mnpaktuuyecku ot-
CYTCTBYIOT, LIEJIbIO HACTOSIIEH padoThl SBIsUIOCH UccienoBanue BiusHus [1BI1 Ha ak-
TuBHOCTH ITH® B HEKOTOpPBIX OpraHax Kpblc pa3HOro Bo3pacra. [l pelieHus nocras-
JIEHHOM 3a/1auy MBI MONBITAJINCh OLIEHUTh TOKCHYHOCTh KOpazoyia Ha akTUBHOCTh [TH®
U n3y4uth cpaBHuTenbHoe BiusHue [1BI1 B koMOMHaIMu ¢ Kopas3onoM U 0e3 Kopasolna
Ha akTUBHOCTH [TH® B CHIBOPOTKE KPOBH, B MHTOXOHJPHSX MO3ra M IedeHu Kpwic. Tak-
JKe TPeJCTaBIII0 HHTepec uccnenoBanue BiaustHusA [1BI1 Ha Bo3pacTHBIE CABUTY KaTalu-
THYECKOW aKTUBHOCTHU Mg2+-, Ca’*- u HCO;-AT®a3 B MUTOXOHIpPUAX MO3ra OCIBIX
KpPBIC TIPU KOPa30JI-UHIyIUPOBAHHBIX SIHIENTH(GOPMHBIX MPHITAIKAX.

Mamepuan u memoouxa.B sxcniepuMenTe ObUIH UCTIONB30BaHbBI 20 6eCrIopoIHBIX OeIbIX
Kkpbic-camioB Maccoit 180-200r, pa3Hsix Bo3pacToB (3-X, 6-TH 1 9-Mecs4HBIE), COAEpIKaIIUXCs Ha
CTaH/APTHOH JIMeTe, PH €CTECTBEHHOM OCBELICHHH W CBOOOJHOM JOCTYIIE K BOJAC M NHUIIE. DITH-
nenTU(GOpPMHBIE TIPUITAAKNA BBI3BIBAIM MPUHSATHIM OIHOPA30BBIM BHYTPHMBIIICYHBIM BBEICHUEM
Kopazona u3 pacuera 8 Mr Ha 100 T Macchl dKHUBOTHOTO.

INonmonbITHBIE )KMBOTHBIE OBLIN pa3/ieNeHbl Ha 4 IPYMIIBI 110 IATh B KaXK/10H:

1.KoHTponbHas rpyIna — )HUBOTHBIM BBOAWIN 1 M1 pu3pacTBOpa;

2.0OmnebiTHas rpynna 11— sxuBoTHBIM B TeueHue 2 aueit BBoaunu [1BI1 u3 pacuera 1 ramma B
1 M1 puspactBopa omuH Ha 100 r Macchl )KUBOTHOT'O pa3 B JICHB;

3.0OmnbiTHas rpynmna [11— kpeicam BBoamin kopaszon u3 pacdera 8 mr Ha 100 T Macchl xu-
BOTHOTO B 1 Mi1 hu3pacTBOpa;

4.0OnprTHast rpynna [V— xuBoTHEIM B TeyeHue 2 nueit BBoawnu [1BI1 u3 pacuera 1 ramma
MBI B 1 ma ¢uspactBopa Ha 100 T Macchl )KHBOTHOTO OJIUH pas3, & B JICHb MPOBE/ICHUS IKCIICPH-
MeHTa BBOAMIU Kopa3on 8 mr Ha 100 r Maccel )kuBOTHOrO B 1 M1 hu3pacTBOpa.

B III ombITHO# rpymiie snmienTuOpMHBIC TPHUIIAIKH, BbI3BAHHBIE KOPA30JIOM, MPOSIBIIS-
JUCh YKe depe3 12-14 MuH. nocie BBeieHuUs Ipernapara, B To Bpemsi Kak B rpymmne IV uepes 20-25
MHH HaOJIIOIaJIKCh Ci1a0ble MPOSBICHUS CYIOPOXHOro npunanka. CTaanu cyaopor onpenessuin
o moauduumpoBanHoi mkane RacineR.J. [14].

006 axtuBHocTH AT®a3 cynuau o HapacTaHHIO B CPelie COACPIKAHHS HEOPraHHYECKOrO
docdara. Pcopr onpenensiu no Jloypu u Jlonec 8 momuduxamuu Cxynadesa [6, 7] u mepecuuThl-
Banu Ha Mr Oeinka [13]. KoppesiiuoHHbIN aHaIn3 MPpOBOJMIM C MCIOJIB30BaHHEM HelapamMeTpu-
yeckoro tecrta CrpMeHa. JJOCTOBEpHOCTb pa3iM4nii MeXy CpeIHUMH BEIMYMHAMHU ONpPEASIUIN
o t-xputeputo CreroaenTa. i onpenenenus aktupHoctd [TH® ncnonp3oBan konopumerpuyec-
kuit Merox c¢ peaktuBoM Donuna. M3amepeHus nmpoBoawin CeKTpohOTOMETPUIECKH, UCTIONB3YS
KBaplEeBbIe KIOBETHI C JUTMHOM mpodera 1cMm, mpu amune Boiukl 750 HM [5].

Jlnst craTuctiyeckoi obpaborku ganHbix 1o [TH® ucnons3oaiu naker SPSS (Statistical
Package for Social Science). Xapakrep pacnpesencHus MOTYYEHHBIX IaHHBIX OMPEAEISUIH 0
kpureputo KonmoropoBa-CmupnoBa. CpaBHHUTENBHBIM aHAINW3 MPOBOIWIM C HCIOIb30BAHUEM
HemapameTpuieckoro recta Manna-Yuruu. Paznuuns cuutanucey nocroBepHsiMu mpu p < 0,05.

B pa6ote ObuH ucnons3oBaHbl pedprokepatopHas neHrpudyra, cnekrpoporomerp LKB
Biochrom ULTROSPECII (LlIserws), pH-merp PL-600 dupmer mrc (M3panins), ryaHosud u AT
GbupmbI “Sigma”.

Pezynomamul u oocysycoenue. Hammane B crpykrype 11611 Oonpiroro konnuecTsa
AMHHOKHCIIOTHBIX OCTaTKOB mponuHa (10 50%) 00ycrmoBiMBaeT WX CBOWCTBO JIETKO
BCTYNaTh BO B3aMMOJEHCTBHE C PAa3JIMYHBIMH OEIKOBBIMH MOJEKYJIaMH, B TOM HYHCIIE
YYacCTBYIOIMMH B KITIOUEBBIX OMOXMMHYECKHX KacKalaxX peaknuii, KoTopble odectieyn-
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BalOT (PYHKIMOHMPOBaHHE UIMMYHHOH CUCTEMBI [2]. DTHM U 00YCIIOBJIEH Halll HHTEPEC K
nccnenosanuto Boznericteus [1bI1 na [TH®, GepmenT, KOTOPBI KaTamu3upyer o0paTu-
My peakiuio Ghochopoin3a MypUHOBEIX (JIE30KCH)PUOOHYKICOTHIOB ¢ 00pa3oBaHUEM
(d)Rib-1-P u coOTBETCTBYIOIIMX OCHOBAHHW, KOTOPHIC SIBISIOTCS OCHOBHBIM HCTOY-
HUKOM CHHTE3a IypUHOB B KiieTke [4].

Pe3ynpTaThl HalIMX HMCCIIENOBAHUH YKa3bIBAIOT HA ONPEICICHHBIC N3MEHEHHS B
aktuBHOCTH [IH® B CHIBOPOTKE KpOBH, NMEYEHW M MO3TE KPBIC Pa3HBIX BO3PACTHBIX
rpynn npu Bo3zaerictBuu Ha Hux [1BII, xopa3ona, a Takke UX COBMECTHOM BBEICHHUHU.
OueHKy NeHCTBHS HMCCIEAYeMbIX COSIMHEHWH TPOBOIMIN Ha OCHOBAaHWU CpPaBHEHUS
YpOBHEW aKTHBHOCTH (hepMEHTa B BBIINICHA3BAHHBIX OPraHax J>HBOTHBIX OITBITHBIX
TPYIII C KOHTPOJIBHOM IPYIIION BCEX BO3PACTOB.
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Puc. 1. lunamuka usmenennii aktusHocty [TH® B ceiBopoTKe KpoBH 3-X, 6-TH
u 9-mecsuHbIX KpbIc mox BozaelicrBueM [1BI1, kopaszona u [1bI1+kopazon.
Tpumeuanue:** - Omauuue om konmpona docmosepro npu p < 0.01

W3 puc. 1 ciexgyer, 4ro BO BCEX TPEX BO3PACTHBIX KaTETOPHUSAX AWHAMUKA
n3MeHeHus1 akTuBHOCTH ITH® B ChIBOPOTKE KpOBM IO IpylaM CXo0Xas, a UMEHHO: B
rpynne, rae Beogwin IIBII axtuBHOCcTh [TH® HeMHOro nosslmiaeTcs, MpU BBEACHUHU
KOpa3oja pe3KO IOHMXKAETCS IO CJIEAOBBIX 3HAYEHHH, a B IPYIIE C COBMECTHBIM
BBereHneM IIBIl u kopa3ona aKkTUBHOCTH (pEepMEHTa HEMHOTO YBEIUYUBAETCS,
OCTaBasACh NMPU 3TOM B IOJABICHHOM COCTOSHHUM. lIpH OlleHKE pe3yNbTaTOB BIMSIHUS
ucnonb3yeMbelx Hamu mnpenaparoB IIBII, kopazona u IIBII+kopa3on Ha aKTHBHOCTH
[IH® B ceBOpoTKE KpoBH OBIIO TOKa3aHO, YTO (EpMEHT OKa3alcsi OYCHb
YyBCTBUTENBHBIM K uX AeiicTButo. IloBbimenne aktuBHoctu [TH® B rpynne c IIBII,
HCXOJS M3 BBILICYNOMSHYTBIX JIUTEPATypHBIX JaHHBIX, 00BsICHIMO. Pe3koe monaBieHne
aKTHBHOCTH B TPYIIIE ¢ KOPa30J0M, KOTOPBIH BBI3BIBAET CYAOPOKHBIEC MPUIIAIKH, TAKKE
BBINJIAUT JIOTUYHO. B mocneaneit e rpynie, rae BBOAUTCS Kopa3on coBMecTHO ¢ TIBIT
aKTUBHOCTH (pepMEHTa IIOBBIMIAETCS, MO-BUANMOMY, Onaromaps mmenHo [IBIL, Ho mpu
3TOM €IIle OCTaeTCs JaleKa OT 3HaYCHHH YpOBHS aKTMBHOCTH ()EPMEHTA KOHTPOIBHBIX
KMBOTHBIX.

Ha puc. 2 mp1 HaOMrOMaeM CUMMETpHYHOE pacmpeaencHrne aktuBHocTH [THD B
TICYEHH 10 TPYIIIIaM OTHOCHTEIIFHO KOHTPOJIS Y KPBIC BCEX BO3PACTHBIX KaTErOpPHiA C TOH
JIUIIb Pa3HHULEH, YTO Yy MIECTUMECSYHBIX KUBOTHBIX BCE 3HAUCHMST aKTHBHOCTH (hepMeH-
Ta BBIIIE, YEM Y TPEX- U AEBATHMECSYHbIX. ClIeayeT OTMETHTh OHWKEHNE aKTHBHOCTH
ITH® B rpynne ¢ BBeneHueM ToabKo I1BI1 y )xuBoTHBIX Bcex Bo3pacToB. [leiicrBue 1611
M KOpa3oja Ha TI€YEHb BBI3BIBACT WHTEPEC, T.K. OTOT OpraH XapaKTepU3yeTcs pe-
3UCTEHTHOCTBIO K PAa3IIMYHOrO Poja BO3AEHCTBHAM [5].
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Puc. 2. Jlnnamuka nu3mMeHeHnid akTuBHOCTH [TH® B MUTOXOHAPHSIX TIEYCHH 3-X, 6-TH U
9-mecs/aHBIX Kpbic o Bo3aekictBueM I1BI1, kopa3ona u [1bI1+kopa3on.
Ipumeuanue:** - Omauuue om konmpons docmosepno npu p < 0.01

B nanHoii pabote (puc.2) 3TOT Te3UC NOATBEPKAAETCS B OTHOLICHUH JABYX TPYIIIL:
¢ xopazonoM u IIbII+kopa3zon, rae 3Hauenus aktuBHocTy 1TH® ocrarorcst Ha ypoBHE
AKTHMBHOCTH (bepMeHTa KOHTPOJIBHOW Tpymibl. Bo3MOXHO, HCTIONb3yeMas KOHIIEHTpa-
s KOpa3ojia OKa3anach HEJOCTATOUHOM /sl BO3JCHCTBHS HA MEYEHOYHYIO TKaHb. [Ipu
9TOM HEOOXOIMMO OTMETHTh, YTO, COTJIACHO JIUTEPATYpPHBIM NaHHBIM, BiusiHue [1BI1 Ha
pasnudHble (EPMEHTHI B Pa3HBIX OpPraHax KpbIC B YCIOBHsX INVItr0 Takke HEOAHO3HAY-
HO [8]. Bo3HHKaeT BOMpoc, KAKUM MEXaHU3MOM OCYIIECTBIISIETCS] MX PETYJISIUS U KaKo-
Ba npupoza ¢paxropa, OJOKUPYIOIIEro WIH aKTUBUPYIOIIEro (pepMEeHTATHBHYIO aKTHB-
HocThb. [lokaszaHo, yto IIBII — ranapMun u €ro Npou3BOAHBIE, SBISAACH CTUMYJISATOPAMU
HeopraHuyeckoil nupodocdarasbl B IEUSHOUHON TKAHU KPBIC, B MO3TOBOM TKaHU BbIC-
TYNaroT B poyin ee uHruoburopa. JleficrBue Tex ke MenTuIoB Ha mienouHyio ¢ocdarasy
BBISIBUJIO €€ aKTHBALMIO B IEYCHOYHOW TKAHU M UHTMOMPOBAHKE B ITOYCHHOM [8].

_ 602
u“=.| 0,018
2 0,016
5 0,014
£ 0,012

E oot

& 0,008

& 0,006

=

2 0,004

i al

st 000 = |

‘@0‘\‘9 ({0(\ r,Q 'p & ‘OQ '!DQ & Qé\‘? ‘OQ 6’0"\ '509

¥

& & Q
{_0 x,19 *_x" & ’&o ,,‘_o“;‘\ <\,&0
3-MECAUHLIE 6-MecAYHEIe 9-MECAYHbIS

Puc. 3. lunamuka usmenenuii akrusHocty [IH® B Muroxonapusix mo3ra 3-x, 6-tu u 9-tu
MecsYHbIX KpbIc o1 Bo3aencTBueM I1BI1, kopaszona u I1bI1+kopason.
Ipumeuanue™* - Omauuue om koHmpons 0ocmosepro npu p < 0.01

JlaHHBIC, TOTYYCHHBIE U3 MO3Ta KPBIC, IPE/ICTABIICHBI Ha pUC. 3. YPOBEHb AKTUB-
Hoctu ITH® B rpymme ¢ npumenerneM [1BI1 gocTatouHo BEICOK M IpUOIIDKaeTCs K 3Ha-
YEeHHUsIM aKTUBHOCTH (pepMEHTa KOHTPOIBHOW Ipynmnbl. B AByX Apyrux rpymmax ¢ Kopa-
3omom 1 [1BI1+kopa3on HabOMrOmaeM Ty jk€ KapTHHY, 9YTO M B CBIBOPOTKE KPOBH, a HIMEH-
HO: B TpyMIe C KOpa3ogoM akTUBHOCTh [TH® oueHp HM3Kas W B MOCIEIHEN TPYIIIE OHA
YyTh BBIILIE, HO 110 CPABHEHUIO C KOHTPOJIEM TaKXKe HeBeluKa. JJaHHbIe N3MEHEHHI
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axktuBHOcTH [TH®, monmy4yeHHBIC B MO3TOBOM TKaHU (pHUC. 3), OKa3aJIUCh CXOXKH C JaHHBI-
MU CBIBOPOTKH KPOBH, C HEOOJBIIIOW Pa3HHIICH, KACAIOIICHCS TPYIIITBI C MPUMEHCHHEM
TIBIT: y ®UuBOTHBIX BCceX BO3pacToB ypoBHH akTUBHOCTH [TH® B CHIBOpOTKE KpOBU MO
nevictereM [1BI1 HEMHOro MOBBIIAOTCS, @ B MO3T€, HA00OPOT, UMEET TCHICHIIHIO K T10-
HUKCHUIO, OCTaBasCh OJM3KUMH K 3HAYCHHUSAM KOHTPOJBHOW TpymIbel. B Mo3re Takke,
KaK MbI OTMEYaliy BBIIIE, B MIEUYEHHU, Y MIECTUMECSYHBIX KUBOTHBIX JOBOJIHHO BBICOKAS
axktuBHOCTH ITH® 1 B KOHTpONBHOMN rpynne, U B cieayrolel ¢ ucrnonszoBanueM [1BI1.
Bruto nokasano [3], uro I1BI1 o6nagaer meHTPAILHBIM M HEPUPEPUUICCKUM UMMYHOMO-
IYJASTOPHBIM NIEHCTBHEM, PETYIHPYET MPOIECChI CBOOOIHOPAIMKAIBLHOIO OKHCIICHHS,
YTO, B LIEJIOM CBUJETEILCTBYET O HEHPOMPOTEKTOPHOM POIU TUIOTATIAMUYECKOI0 MPO-
JIUH 00raToro HEeHpOropMoHa.

25 T

Puc. 4.

AP & mxkamomax / M2 6enka / 30 MuH

O61an akTUBHOCTb Mg?*-AT®aza Ca?*-AT®aza HCO3-AT®aza
tepmenTa

Tpumeuanue: Paznuuus cuumanuce 0ocmogepuwvimu npu p < 0.05; M £S.M.E.; n=9.

KonTtpone

OneiTHaA rpynna |1l
(xopason)

ey kg o
E;;ggi OnbiTHas rpynna |l B33 Onbithas rpynna v
preiel  (MBI) 222y (MBI + kopason)

Puc. 4. Bausiane TTBIT Ha akrusrocts Mg®'-, Ca'- 1 HCO 3-AT®a3 B MUTOXOHIPHUAX MO3Ta
3- MecAUHBIX GJIBIX KPbIC TIPH KOPA30J1-MHIYHPOBAHHBIX SIHIEITH(OPMHBIX CYI0POraX .

Ha puc. 4 npuBeneHs! pe3yabTaThl 3KCIEPUMEHTOB 110 U3YUCHUIO CBUTOB aKTUB-
HocT AT®a3 B MHTaKTHBIX MUTOXOHIPHUIX MO3Ta 3-MECSYHBIX KPBIC ITPU KOPa30J-HH-
JYIIMPOBAHHBIX SMUIENTUPOPMHBIX cyaoporax mon Bo3aeiicreueM [1BI1.ITokazaHo, 4To
y 3-MecsraHBIX OeNbIX KPBIC, TONIYIUBIINX BHYTpHOpiommHHO ToabKo [1BI1, Habmomaer-
Csl CTUMYIISILMS aKTUBHOCTH (hepMeHTa BO Bcex m3ydeHHbIXx AT®dazax. [lpu BBeneHuun
TOJBKO KOpa3oJia ISl CTUMYJIMPOBAHUS SIHISHTU()OPMHBIX MPHUIAIKOB KaTaIUTHIECKast
axtiBHOCTh Ca?’-ATda3bl HE3HAYUTETHHO YTHETAEeTCsl 10 CPABHEHMIO C KOHTpoieM. B
Tex e YCITOBHSAX KaTaTHTHIECKass akTHBHOCTH o0eit, Mg - n HCO 3-AT®a3 o cpas-
HEHHIO C KOHTPOJIEeM HE3HaYHMTEIbHO MoBbImaeTcs. OHAKO y TPYIMIbl 3-MECIYHBIX Oe-
JBIX KpBIC, penBapuTenbHo norydusmux I1BI1, HaOmronaercss HE3HAYNTENEHOE TIOBBI-
IIeHHe KaTaauTHaeckoil aktuBHocTH Ca?'- 1 HCO™3-AT®a3 10 CpaBHEHHIO ¢ KOHTPO-
neM. AKTHBHOCTS ke obmeii 1 Mg?-AT®as3 Takke He3HAUNTEHHO YTHETEHA.
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35

AP 8 mxamomax / me 6enxa / 30 MuH

O6Wan aKkTMBHOCTb Mg?-AT®aza Ca?*-AT®aza HCO 5-AT®aza
epmenTa

IIpumenanue: Paznuuus cuumanucy 0ocmosepuvimu npu p < 0.05; M £5.M.E.; n=9.

KoHTpone

OneiTHan rpynna

(kopason)
kxal ezl
£22%3| OnbiThas rpynna Il R333] OnbitHas rpynna IV
keeez) (MBM) pezad (MBMN + kopason)

Puc. 5. Bousaue [16I1 Ha akTHBHOCTH Mg2+-, Ca®*- n HCO 3-ATdas3 B MHTOXOHJIPHSAX Mo3ra 6-
MECSYHBIX O€JIBIX KPBIC P KOPA30JI-HHIYLMPOBAHHBIX SMHIENTHPOPMHBIX CY/I0pOrax .

B ycnoBusx Hamero sKclepuMeHTa WHas KapTWHa HaOmiomaerca y 6- u 9-
MECSAYHBIX OENBIX KPBIC. ¥ AKCHEPUMEHTANIbHBIX JKUBOTHBIX G-MECAYHBIX OENBIX KPBIC
(puc. 5) nox BnusinueMm kak [1BI1, Tak u kopa3ona, aktuBHOCTH AT®a3 3amerHO mO-
BBILIACTCS TI0 CPABHEHHIO C KOHTPOJILHBIMU NTPOOAaMU: KaTaJIUTHYECKasi aKTHBHOCTh M3Y-
yeHHbIX AT®a3 crumynupyercsi. Takas jke KapTuHa HaOJIIOAAETCS Y 9-MECTUHBIX OEJIbIX
Kkpbic (puc. 6), nomyuaBimx Tonbko I[1BI1 mnm Tonmbko kopaszon. IlpenBapurenbHoe
BHyTpUOptomrHHOe BBeneHue [IBI1 mpuBOAMT K YrHETEHWIO aKTUBHOCTH H3Y4YEHHBIX
(depmenToB. JlaHHBIE 3TOI IPYNIBI NPHOIIKAIOTCA K KOHTPOJIBHBIM IIOKA3aTeNsIM, 4TO
CBUIETENLCTBYET 0 KoppenupyroweM BiausHuu [1BI1.

4 I
Puc. 6.

3.5

3+

25 &

2

15 |

1

AP 6 mkamowmax / m2 6enka / 30 MuH

0.5 +

OB1wan aKTUBHOCTb Mg2*-AT®aza Ca?*-ATdasa HCO -AT®aza
hepmeHTa

Ipumeuanue: Pasnuyus cuumanucy 0ocmoseproimu npu p < 0.05; M £S.M.E.; n=9.

KoHTponb

OnbiTHas rpynna |1

(kopaszon)
kz222  Onbithan rpynna i B233d OnwitHan rpynna IV
24 (nen) 433 (NBN + kopason)

Puc. 6. Bausinue ITBIT Ha akrusrocTs Mg®*-, Ca'- 1 HCO 3-ATda3 B MUTOXOHIPUAX MO3ra
9- MecsTHBIX GeIBIX KPBIC TIPH KOPa30/I-HHYIMPOBAHHBIX STHIENTH(GOPMHBIX CYI0pPOrax
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Nsyuenne casuroB akTuBHOCTH AT®a3 B MHTAKTHBIX MUTOXOHJPUAX MO3Ta IO-
kazanu, yto npu BBeAeHUU [1BI1 B M30IMpOBaHHBIX MHTAKTHBIX MUTOXOHJIPHUSIX TOJIOB-
HOr'0 MO3ra OeJIbIX KPBIC B BO3PACTHOM aCIEKTE 3aMETHO aKTHBHPYIOTCS Mgz+-, Ca*-n
HCOj-3aBucumeie AT®a3el. Takue xe CABATM HAOIIOMAIOTCS I10J BIIMSHHEM DIIH-
JlenToreHa kopasoia. Oanaxo npu coBMecTHoM BBeAeHuu [1BIT u kopa3zona akTUBHOCTH
M3YYCHHBIX (PePMEHTOB WHTUOMPYETCS MO CPABHCHHIO C TOKA3aTEISIMU TPYIIT >KUBOT-
HBIX, TIOJIYYMBIIHX TOJIBKO KOPa30i1.B omimyre OT Ipymiel 3- MECSYHBIX O€BIX KPBIC, B
rpynmne 6- ¥ 9-MeCSyHBIX OENBIX KpBIC TMON BIUSHHEM COBMECTHOI'O BBEICHHS
>kuBOTHBIM [1BII 1 KOpa3osna mosydyeHHbIe CIBUTH KaTATUTUYECKON akTUBHOCTH AT®a3
JIOCTOBEPHO HUBEIUPYIOTCS, PUOIIIKASACH K KOHTPOJIBHBIM ITOKAa3aTeIIsIM.

Hcxons U3 monydeHHbIX pe3ynbTaToB, MOXKHO JTONYyCTuTh, 4To [IH® B chiBOpOT-
K€ KPOBHM M B MO3Te KPbIC OKa3ajiach BECbMa YyBCTBUTEIHHOM K JIEHCTBHUIO UCIIONb30BaH-
HBIX HaMH TpPENapaToB, a B TICUCHH, HA000OpPOT, ()epMEHT TMPOSBHI PE3UCTCHTHHIC
CBOICTBa.

Capuru B katanutniueckol akTuBHOCTH AT®da3 B MUTOXOHAPHIX MO3ra y OebIX
KpBIC TpeX pa3HbIX BO3pacToB (3-, 6- ¥ 9-MecsIuHBIX) MPU KOpPa30J-WHIYLHUPOBAHHBIX
nMIenTH(GOPMHBIX CyA0pOrax HEeoJHO3HA4Hbl. BeisicHMIOCH, 4TO y 3-, 6- U 9-Mecsy-
HBIX OEJIBIX KPBIC B IPYyIIax, MOJYYHBIIMX TOJBKO KOPA30Jl, TPOUCXOAUT IOBBIIICHHE
KaTaJIMTUYECKOH aKTUBHOCTH HM3YYEHHBIX (PEPMEHTOB, 32 HCKIIOUYEHHEM Ca**-3aBucu-
Mol AT®a3bl y 3-Mecs4HBIX, Ille HaOMI0IAeTCsl HHTMOMPOBaHNE aKTUBHOCTH (DepMEHTa.
[Tpu npodunakriueckom BBenennu I1BI1 Bo Bcex BO3pacTHBIX TpyMnax HaOIHOAAeTCs
TOPMOXKEHHE KATaJIUTHYECKOW AKTHBHOCTH (DepMeHTa 10 CpPaBHEHHMIO C TPYIION
JKUBOTHBIX, TOJTYYHUBIINX TOJBKO KOPa30Jl.

Cnucok cokpamenuii
IBII — nponuH G0raTeii NENTUA
MH® —nypunnykieo3uadochopuiaza
ATd®a3za —anenozunrpudocdaraza
AMII — aHTUMHUKPOOHBIE TIETITH/IBI
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Hydroecological state of the Hrazdan River and “Yerevanyan Lich” Reservoir was
assessed based on the hydrobacteriological (saprophytic bacteria and Escherichia coli) and
hydrochemical (five-day biochemical oxygen demand, ammonium and phosphate ions)
parameters. Water sampling for hydrobiological and hydrochemical analyses were performed in
May and July 2019. The results of the study showed that the Hrazdan River and “Yerevanyan
Lich” Reservoir in Yerevan were exposed to significant fecal, organic and nutrient contamination,
supposedly induced by urban household activities. The contamination in some cases posed health
risks to the aquatic life and hydroecosystem of the Hrazdan River.

Hrazdan River — “Yerevanyan Lich” Reservoir — chemico-bacteriological characteristics —
hydroecological status

Qnuwpwlywntphninghwywu (uwwpndhwun pwywnbphwutn W Escherichia coli) W onwehuhwywl
(rRYwséUh 5 opjw YGUuwphdhwlwl wwhwlg, wunuhnd W $nudwwn hnlubp) gnigwuhpubph
hhdwu Jdpw qUwhwwdb] E Ipwgnwl gbinh W «Gplwljwu [hé» gpwdpwnph gnwktyninghwywu
Jhtwyp: puytluwpwlwywl W gpnwephdhwywl Jeninwdnipniuutph hwdwn gpwldnpwrnidutpu
hpwywuwgyt) Bu 2019 p. Jwjhu W hnihu wdhulbphU: IGnwagnuniejwl wnnntupUbpp gnug Gu
wnytbl, np Gplwunwd 3pwagnwl gbnp W «Gplwljwu hé» gnwdpwpp Bupwnyyt, Bu EHWI,
ongqwlwywu W YGuuwséhu Unietnny Lpwlwywih wnunnndwl® tupwnpwpwp wywdwuwynpywd
pwnweh YGugwnwihu gnpéniutbniejwdp: Ununninjwéncpintup npn nbwebpnud wnwewgnptp £
wnnnewywl nhuytn Ipwagnuwl gbinh onwihu opqwuhquutinh W hhnpnEynhwJdwywngh hwdwn:

3nwqnuwl qbiwn — « GplLwlywl 1he» gpwdpwn — phdhlwpwlintphninghwlwl
wrwldluwhwwnlynipynttn — gpwkyninghwlwl Yyhdwly

T'unposkonoruyeckoe cocrosHue peku Paznan u Bogoxpanwiuima “EpeBansH aud” oue-
HHBAJIOCh 10 ruapobakrepuonorundeckum (campodurHeie Gakrepun u Escherichia coli) u
THAPOXUMUYCCKUM (ISITHAHEBHAS OHOXUMHUYECKast MOTPEOHOCTh B KHCIOPOAE, HOHBI aMMOHUS H
¢docdara) mokazarensm. Or6op mpod BOABI A TUAPOOHOIOTHYECKOTO M THAPOXUMHUYECKOrO
aHanu3a ObLIH mpoBeleHb! B Mae U utosie 2019 roma. Pe3ynpraThl ncciaenoBaHus mokasaiu, YTo
pexa Pasnan u Bogoxpanwnmiie “EpeBansH nuy” B EpeBaHe moaBeprainch 3HAYHTEIFHOMY 3ar-
PSI3HEHHUIO (EKATHAMH, OPTaHUYECKUMHU U MUTATEIbHBIMU BELIECTBAMH, IPEJIIONOKUTENBHO SB-
JISIIOIIMMHUCS PE3YABTATOM JICSTEIBHOCTH TOPOJICKUX JOMOXO3SHCTB. 3arpsi3HEHHE B HEKOTOPBIX
CITy4asix BBI3BIBAJIO PUCKH ISl 3/10POBbsI BOIHBIX OPTraHM3MOB U THIPOIKOCHCTEMBI pekH PaznaH.

Pexa Pazoan — eo0oxpanunuwe “Epesanan auy” — xumurxo-oaxmepuonosuyeckue
XapakmepucmuKku — SUOPOIKONOSUECKULl CIantyc
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Increasing intensity of human activities during the last centuries has led to the
significant violation of the existing balance of the nature [20]. As a consequence of
rapid urbanization, human activities have caused significant changes in the ecological
environment [19]. The increasing pollution of the hydrosphere has become one of
serious environmental problems [20]. Due to the huge discharge of municipal
wastewater and urban drainage into river basins, the effect is more pronounced in the
water quality in urban areas [19]. Besides increasing pollution, human activities have
also affected the water flow regime and morphology of rivers, resulting in multiple
pressures on freshwater ecosystems and declines in their biodiversity and ecological
functioning [16]. The hydroecological state of rivers is changing under anthropogenic
activities expressed by the disposal of waste, organic and inorganic substances [24]. The
classification of the ecological status of rivers and streams is an important tool for future
sustainable management of natural water resources. Consequently, the Water Framework
Directive requires the protection and improvement of the ecological status of water
systems [22].

The Hrazdan River (Armenia) and “Yerevanyan Lich” Reservoir constructed in
the Hrazdan River canyon in the south-west of Yerevan City are economically important
water bodies for Armenia, since the waters are used for irrigation, energetic, recreational,
industrial and other purposes. Nevertheless, the Hrazdan River flowing through Yerevan
City is endangered by anthropogenic pollution due to the insufficient management of the
disposal and discharge of waste and wastewater mainly from urban household activities
[13, 14, 20]. Urban discharges may enter into the Hrazdan River worsening the
hydroecological state of the river ecosystem and “Yerevanyan Lich” Reservoir.
Therefore, the investigation of the pollution of the Hrazdan River and “Yerevanyan
Lich” Reservoir in the conditions of anthropogenic pressures in Yerevan City is urgently
required. The aim of the present study was to investigate the current hydroecological
state of the Hrazdan River and““Yerevanyan Lich” Reservoir in Yerevan City.

Materials and methods. We investigated the Hrazdan River originated from Lake Sevan in
the eastern part of Armenia and “Yerevanyan Lich” Reservoir situated in the south-west of
Yerevan City. The Hrazdan River is the longest (141 km) tributary of the transboundary Araks
River in the territory of Armenia [13, 14].

For assessing the current hydroecological state of the Hrazdan River and “Yerevanyan
Lich” Reservoir, hydrobacteriological (saprophytic bacteria (SB) and Escherichia coli (E. coli))
and —chemical (five-day biochemical oxygen demand (BODs), ammonium and phosphate ions)
investigations were carried out. Water samples for microbial and chemical analyses were collected
from the river and reservoir sites described in tab. 1. The sampling was performed in May and July
2019. The water samples for BODs and nutrient measurements were taken with cleaned polythene
bottles and for bacteriological analysis — with sterile sample containers. The collected samples
were kept in a cool box in low temperature conditions during the transportation to the laboratory
and were analysed immediately after reaching the laboratory.

Table 1. Coordinates of river and reservoir investigated sites

Sampling site

N/Lat E/Long River site location
number
1 20°1651.1" | 4435121 1" Hrazdan River site Ioca'ted in Getamej Village,
upstream of Yerevan City
2 40°09'31.6" | 44029133 5" Hrazdan River site located in Yerevan City, upstream

of “Yerevanyan Lich” Reservoir

3 40°09'34.2" | 44°2823.2" | “Yerevanyan Lich” Reservoir site located near the dam
Hrazdan River site located in Yerevan City,
downstream of “’Yerevanyan Lich” Reservoir

4 40°08'57.0" | 44°27'50.7"
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Under laboratory conditions, the quantitative analysis of SB and E. coli was implemented
by the standard methods accepted in hydrobiology. SB were grown on nutrient agar, E. coli — on
Endo agar using the membrane filtration method. Bacterial culture media were incubated at 20°C
(SB) and 37°C (SB and E. coli) for 24-48 hours and the colonies grown on the media were counted
[6-8]. The experiments were performed under sterile conditions. Based on the quantitative
parameters of SB, organic contamination degree in the investigated water bodies was assessed
using a surface water quality assessment scale accepted in the CIS (Commonwealth of
Independent States) and EU (European Union) countries [9].

BODs values were determined according to the standard methods accepted in
hydrochemistry [25, 26]. Initial dissolved oxygen (DO) and residual DO after five days incubation
at 20°C were measured by the electrochemical probe method using a water oximeter (HI198193)
[27]. The concentration of ammonium (Nessler method) and phosphate (ascorbic acid method)
ions was determined by a multi-parameter photometer (H183200) [18].

Results and Discussion. For the quantitative investigation of organic matter in
water, the easy and cost-effective chemical and biochemical methods have been
developed that give an opportunity to assess organic matter content in water by the
determination of oxygen content consumed during the oxidation of organic matter [1].
BODs values were used to assess organic matter content in the water of the Hrazdan
River and “Yerevanyan Lich” Reservoir. The results of the BODs study showed that
organic matter content in all the investigated sites were conditioned by natural and
anthropogenic factors, since it exceeded the background level for the river waters of the
Hrazdan River basin [3]. Increased organic matter content was registered in the
investigated sites located in Yerevan City (Nos. 2-4 with the exception of No. 3 in July)
which can be explained by the impact of urban household discharges. It is necessary to
mention that the July concentration of organic matter in the Hrazdan River site located
upstream of “Yerevanyan Lich” Reservoir (No. 2) even exceeded the ecological norm
for the river ecosystem health and biodiversity conservation (fig. 1) [3].

mg02/1

7.0
May

6.5
o July

6.0} Ecological norm

5.0

4.0/ . Background level

1 2 3 4
Sampling site number

Fig. 1. BODs values in the water of the Hrazdan River and “Yerevanyan Lich” Reservoir.

It’s known that SB in water react quickly to water environmental changes and
their amount indicates the organic contamination load of the water [21]. Accordingly,
the organic contamination of the water of the Hrazdan River and “Yerevanyan Lich”
Reservoir was also investigated by the quantitative values of SB grown at 20°C. The
quantitative parameters of SB in the investigated river and reservoir sites reflected
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almost the same organic contamination pattern as BODs: the amount of saprophytes
increased noticeably in the investigated river and reservoir sites located in Yerevan City
(Nos. 2—-4 with the exception of No. 3 in July), indicating the significant contribution of
urban household discharges to the formation of organic matter content in the investigated
water bodies (Table 2). According to the count of SB grown at 20°C, the water quality in
the investigated river site No. 1 was assessed as “sufficiently clean”, in the investigated
river site No. 2 — as “sufficiently clean”-“very dirty”, in the investigated reservoir site
No. 3 — as “clean”-“sufficiently clean” and in the investigated river site No. 4 — as
“sufficiently clean”-“lightly polluted” [9].

The sanitary status of the Hrazdan River and “Yerevanyan Lich” Reservoir was
investigated according to E. coli and SB grown at 37°C. E. coli is always present in the
digestive tracts of animals and humans and is found in their waste. Therefore, its
presence in a water body indicates the fecal contamination of the aquatic ecosystem [12].
SB grown at 37°C may also indicate the sanitary status of water, since they can enter
water systems from the bodies of humans and warm-blooded animals. The results of the
study of E. coli and SB grown at 37°C showed the significant worsening of the sanitary
status of the investigated water bodies in Yerevan City (sampling site Nos. 2-4),
indicating water contamination with urban sewage (tab. 2).

Table 2. SB and E. coli count in the water of the Hrazdan River and
“Yerevanyan Lich” Reservoir

sampling site Saprophytic bacteria (CFU/ml) | E. coli (CFU/I)
number May July
20°C | 37°C | 20°C | 37°c | M@ | July
1 1520 | 210 2720 480 3000 0
2 3000 | 1640 | 35200 | 24000 | 3000 | 9000
3 3000 | 1050 840 470 6000 | 1000
4 2560 | 2300 | 4880 | 4200 | 8000 | 10000

CFU - colony-forming unit

The concentration of ammonium ion is used to indicate environmental pollution
mainly from agricultural and household activities [15]. The results of the study showed
that ammonium concentration in the investigated river and reservoir sites was mostly
conditioned by anthropogenic factors, exceeding the background level for the rivers of
the Hrazdan River basin by 4.2-55.8 times. If ammonium concentration in the Hrazdan
River site located in Getamej Village (No. 1) and in “Yerevanyan Lich” Reservoir
(sampling site No. 3) ranged within safe levels for the ecosystem health, so its content in
the Hrazdan River sites located in Yerevan City (Nos. 2 and 4) sometimes exceeded the
ecological norm for the river ecosystem health and biodiversity conservation, indicating
about the high impact of urban household discharges on the river ecosystem (fig. 2) [3].
It’s known that increased nutrient concentration affects all the trophic levels of an
ecological pyramid. The reduction of upper trophic levels leads to changes in lower
trophic levels, dominant species, to the succession of communities and to the
reconstruction of food webs [5, 15]. All of this allows concluding that ammonium
contamination in some cases posed health risks to the aquatic life and hydroecosystem of
the river sites located in Yerevan City (Nos. 2 and 4).
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Fig. 2. Ammonium ion concentration in the water of the Hrazdan River and “Yerevanyan Lich”
Reservoir.

In natural water, the concentration of phosphate is usually very low ranging
between 0.001 mgP/I and 0.009 mgP/l, however it can significantly increase due to
anthropogenic impact [2]. The investigation showed that mineral phosphorus content in
the investigated river sites was formed under high anthropogenic influence. Phosphate
concentration in the investigated river sites mostly exceeded the ecological horm for the
rivers of the Hrazdan River basin, indicating unfavorable environmental conditions for
the growth of aquatic organisms [3]. The highest phosphate concentration was registered
in the Hrazdan River site located in Yerevan City, upstream of “Yerevanyan Lich”
Reservoir (No. 2) which can be explained by the high impact of urban household
discharges. The lowest phosphate levels in “Yerevanyan Lich” Reservoir water and the
Hrazdan River site No. 4 in July could have not surely indicated about favorable
environmental conditions in the aquatic ecosystems, since it may have been conditioned
by phytoplankton activity in the reservoir (fig. 3). It’s known that algae need to absorb
nitrate and phosphate to grow [17]. According to the previous studies, planktonic algae
in “Yerevanyan Lich” Reservoir reached massive growth during warm periods, which
allows to conclude that decreased phosphate concentration in “Yerevanyan Lich”
Reservoir water and the Hrazdan River site located downstream of “Yerevanyan Lich”
Reservoir (No. 4) may have been conditioned by the algal depletion of the nutrient [4,
10, 11, 14, 23].

May
o July

03} Ecological norm ‘
024§ | “ |
01 i 3 1- =
005 - 2 . L 3 L 4

1 2
Sampling site number

Fig. 3. Phosphate ion concentration in the water of the Hrazdan River and “Yerevanyan Lich”
Reservoir.
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In general, it can be concluded that the Hrazdan River and “Yerevanyan Lich”

Reservoir in Yerevan City were affected by irregular discharges, supposedly from urban
household activities that resulted in the significant fecal, organic and nutrient
(ammonium and phosphate) contamination of the water bodies which in some cases
posed health risks to the aquatic life and hydroecosystem of the Hrazdan River.
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