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Component composition of Achillea micrantha essential oil
and its biological activity

Data on study of the component composition and biological activity of the essential oil of Achillea micrantha
Willd. (Asteraceae family) are presented in this article. The raw materials for the researching were collected
at the territory of the Republic of Kazakhstan, Karaganda region during the flowering period. Essential oil of
plant by hydrodistillation was obtained, the yield is 0.22 %. The component composition of essential oil was
studied using GC/MS Clarus-SQ 8 (PerkinElmer). Antimicrobial, antifungal, antimalarial, cytotoxic, anti-
radical and anti-tuberculosis activities of essential oil were studied. Antibacterial and antifungal activity were
identified using the strain of 5 human-pathogenic bacteria (Staphylococcus aureus, St. aureus (MRSa), Esch-
erichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) and 5 fungi (Candida albicans,
C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans). Antimalarial activity of the sample
was tested for its ability to inhibit Plasmodium falciparum of protozoa. Cytotoxic activity carried out using
test on larvae of Artemia salina. Determination of antiradical activity of essential oil was performed against
2,2-diphenyl-1-picrylhydrazyl (DPPH), as a reagent for comparison, gallic acid (GA) and butylhydroxy-
anisole (BHA). The tuberculosis activity of essential oil was determined on Mycobacterium tuberculosis
H37Rv sensitive to all five first-line antituberculosis drugs (streptomycin, isoniazid, rifampicin, ethambutol
and pirazinamide). As a result of research it was established that 4. micrantha Willd essential oil doesn't pos-
sess or shows low degree of the above types of activity, shows lethal toxicity concerning Artemia salina lar-
vae of crustaceans in all tested concentration (1-10 mg/ml).

Key words: Achillea micrantha, essential oil, GC/MS, antimicrobial, antifungal, antimalarial, cytotoxic, anti-
radical and anti-tuberculosis activities, Artemia salina, DPPH.

Introduction

The development of modern industry and rapid population growth in the coming years, puts the prob-
lem of finding new renewable resources: sources of power, biofuels, agricultural and medical products, cos-
metics and personal care products; which will undoubtedly lead to increased interest in plant resources, on
which you can obtain high-purity (quality) and biologically safe products.

Essential oils (EOs) are homogeneous mixtures of organic chemical compounds from the same chemi-
cal family; they are composed by terpenoids, especially monoterpenes and sesquiterpenes. Nevertheless, low
molecular weight aliphatic compounds, acyclic esters or lactones may be present.

EOs of plants has been used traditionally for numerous applications in health-related areas, and in foods
and commercial uses [1, 2]. In most medical applications the oils were applied directly to the skin, although
the potential cytotoxicity of EOs precluded internal consumption [3]. This problem could, at least in theory,
be avoided by inhalation of the vapors of EOs, as practiced in aromatherapy. Furthermore in many traditional
remedies for colds and respiratory disorders, formulations often included plant EOs to provide relief through
inhalation of the vapors [3].
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Studies on the composition of the essential oils, isolation components from them, determination of bio-
logical activity and chemical modification carried out in scientific centers of United States, Russia, Turkey,
Kazakhstan and others [4-7].

The Flora of Kazakhstan is rich one and about 5500 species was reported, and there are many aromatic
plants among them. It is well known that, the composition of essential oils (EOs) can reach up to 200 com-
ponents of different classes of chemical compounds. The EOs chemical composition is affected by some fac-
tors as species and subspecies, geographical location, harvest time, the part of the plant used and the extrac-
tion methods used to obtain the EO.

Achillea micrantha Willd. (Fam. Asteraceae) is a perennial grassy plant, 20-40 cm of high (Fig. 1). The
plant is grayish-pubescent, timed to life on sands and sandy soils, at least — on the steppe and meadow
communities. In Kazakhstan dwelling species mentioned in the following floristic regions: Tobol-Ishim,
Caspian, Aktobe, Mugodzhar, Emba, Turgai, low hills west [4].

Figure 1. Achillea micrantha Willd.

In traditional medicine many people of the world widely apply different species of yarrow. In particular,
grass of A. micrantha is used at gonorrhea, chronic diarrhea, acute respiratory diseases, the bleeding wounds,
burns, anemia, for increase in lactation at nursing mothers [5].

Earlier the composition and antioxidant activity of A. micrantha essential oil from Iran [6] were studied,
sesquiterpene lactones [7, 8] and flavonoids have been isolated [9].

The main physical properties of essential oil of A. micrantha were determined by authors of works [10].
In the [11] shows the data for the study of the biological activity of hydro-alcoholic extracts of A. micrantha.

Thus, A. micrantha and its essential oil are of great interest to researchers. In this report, we present the
essential oil compositions for A. micrantha from Kazakhstan and data on it’s biological activity.

Experimental part

Plant material for the study was collected in July 17, 2013 in Ulytau district of the Karaganda region in
90 km north of the city of Zhezkazgan in the phase of flowering. The plant is deposited in the herbarium of
plants at the Zhezkazgan botanical garden. The number of a voucher specimen is 2011.06.15.04.01.

Essential oil was received from the dried crushed elevated mass of plants (stalks, leaves, flower baskets)
by of steam distillation method on the «Alpha Midi» apparatus (Kaliningrad, «New Technologies» Ltd.) within
3 hours. The «Alpha Midi» apparatus consists from steam generator, tank for raw material, condenser and Flor-
entine flask. The Apparatus can be used in two regimes: in stationary using electric power and can operate in
the field on solid fuel (wood, coal). The «Alpha Midi» apparatus are given in Figure 2. The yield is 0.22 %.

Determination of component composition of 4. micrantha essential oil was carried out on the Clarus-
SQ 8 (PerkinElmer) Gas Chromatograph equipped with Mass-spectrometer (GC/MS apparatus).

Preparation of sample of essential oil: about 25 mg (exact weight) of essential oil 4. micrantha placed
into a 25 ml volumetric flask, dissolved in 15 ml of hexane, adjusted to volume and stirred until complete
mixing of the oil.

Chromatographic conditions: capillary column — RestekRxi®-1 ms 0.25 mm x 30 m x 0.25 um, sam-
ple volume: 1.0 pl, carrier gas — He, carrier gas speed: 1 ml/min, split ratio 1:25, t of column: 40 °C, rise of
2 °C/min to 280 °C, t of evaporator — 280 °C, mass spectrometric detection: t — 240 °C, EI + =70 ¢V, the
scanning time from 4 to 120 minutes, the scan mode ion 39-500 m/z. The percentages of components are
automatically calculated based on the total peak areas of the chromatogram of ions. Components were identi-
fied by mass spectra and the retention times, with use of NIST library.
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Figure 2. The «Alpha Midi» apparatus

As shown in Table 1 the volatile composition of 4. micrantha contains 1,8-cineole — 24.4 %, cam-
phor — 12.4 %, camphene — 7,0 %, a-pinene — 5.7 %, sabinene — 5,5 %, o-cymol — 3.9 % and
4-terpineol — 2.8 % as main components.

Table 1
Component composition of essential oil of A. micrantha
RT Compound Content, % RT Compound Content, %
4,55 Hexanal 0,3 23,117 Limona ketone 0,2
9,312 |Santolina triene 0,7 23,305 cis-2-Menthenol 0,2
9,95 Cyclene 0,4 23,998 |Camphor 12,4
10,314 |B-Thujene 1,4 24255 cis-Pinocarveol 0,3
10,647 |o-Pinene 5,7 25,443 Pinocarvone 0,3
11,308 |[Camphene 7,0 26,478 endo-Borneol 2.3
12,823 |[Sabinene 5,5 26,786 cis-Chrysanthenol 0,3
12,944 |B-Pinene 2,3 27,659  |4-Terpineol 2,8
13,634 |2,3-Dehydro-1,8-cineole 0,2 28,631 Terpineol 1,2
14,191 |B-Myrcene 0,5 29,156 Myrtenol 0,2
14,797 |a-Phellandrene 0,2 32,939 Piperitone 0,3
15,718 |a-Terpinene 1,9 36,868 Bornyl acetate 0,3
15,963 |0-Cymol 3,9 44,319 Cyclosativene 0,7
16,514 |1.8-Cineole 24,4 45,298  |Copaene 1,6
16,642 |Limonene 0,9 45,746 B-Bourbonene 0,2
18,245 |cis-B- Ocimene 0,5 48,307 Caryophyllene 0,3
18,81 |y-Terpinene 2,7 53,032 D-Germacrene 1,1
18,964 |cis-Sabinene hydrate 0,7 54,21 y-Gurjunene 0,2
21,059 |a-Terpinolene 0,6 55,582 y-Cadinene 0,2
21,228 |trans-Sabinene hydrate 0,5 56,521 6-Cadinene 0,6
22,292 |a-Thujone 0,2 61,665 Copaborneol 0,9
2-Methylbutanoic acid

22472 [0 th;’lbu iy] ostor 0,2 64,655  |B-Eudesmol 0,6
TOTAL 87,6

Data on studying of anti-malarial activity of essential oil (Table 2) was obtained for the first time. An-
timalarial activity of the sample was tested for its ability to inhibit chloroquine-susceptible (D6) and/or
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chloroquine-resistant (W2) Plasmodium falciparum of protozoa. The sample was tested twice in the first
strains of P. falciparum D6. Percent inhibition (% Inh.) was counted in relation to the negative and positive
control. Samples that showed > 50 % inhibition sent to a secondary screening.

In the secondary screening, samples were dissolved in 20 mg/ml and tested for 47600, 15867 and
5289 ng/ml, and IC50s (test concentration in ng/ml, which gives 50 % inhibition of relatively simple nega-
tive and positive controls) and were performed in comparison with both D6 and W2 of strains. Samples were
dissolved in 2 mg/ml and tested for 4760, 1587 and 529 ng/ml, and IC50s against both D6 and W2 strains. In
addition to a strain of P. falciparum, the samples are tested in a mammalian cell line VERO, as an indicator
of general overall cytotoxicity. Selectivity index (SI) — the ratio of VERO IC50 for D6 or W2 IC50 — was
calculated. As a positive control were used antimalarial chloroquine and artemisinin.

Table 2

Data on the antimalarial activity of essential oil (primary screening)

The name of a plant — a source of essential oil P. falciparum D6 % Inh.
A. micrantha 20

Primary screening showed that 4. micrantha essential oil doesn't possess anti-malarial activity. Data on
studying antimicrobial and anti-fungal activity of essential oil was obtained. The antimicrobial activity of
essential oil was tested samples by their ability to inhibit growth a strain from 5 bacteria and 5 fungi which
are pathogenic for the humans (Table 3).

Table 3

Strains from 5 bacteria and 5 fungi which are pathogenic for the humans

Bacteria Fungus
Staphylococcus aureus Candida albicans
Methicillin-resistant Staphylococcus aureus (MRSA) Candida glabrata
Escherichia coli Candida krusei
Pseudomonas aeruginosa Aspergillus fumigatus
Mycobacterium intracellulare Cryptococcus neoformans

In the beginning tested in primary screening for 50 pg/ml twice and growth inhibition percent (% Ing.)
was calculated in relation to negative and positive control. Essential oil showing >50 % of inhibition directed
to secondary screening.

In secondary screening samples dissolved in 20 mg/ml and checked at 50, 10 and 2 pg/ml and IC50s
against all 10 strains of microorganisms. Samples dissolved in 2 mg/ml and carried out tests for 20, 4,
0.8 ug/ml and IC50s against all 10 strains of microorganisms. 7 ug/ml on secondary screening directed pure
connections which have IC50 < on tertiary screening.

The secondary screening samples were dissolved in 20 mg/ml and tested at 50, 10 and 2 pg/ml and
IC50s against all 10 strains of microorganisms. Samples were dissolved in 2 mg/ml, and the test was con-
ducted by 20, 4, 0.8 ug/ml and IC50s against all 10 strains of microorganisms. The antifungal agent — am-
photericin B was used as a control, and as an antibacterial — ciprofloxacin. The results of primary screening
showed low antimicrobial and antifungal activity of essential oil of A. micrantha (Table 4).

Table 4

Data on antimicrobial and anti-fungal activity of essential oil of A. micrantha (primary screening)

The name of a plant —
a source of essential oil
and a comparison prep-
aration/ strains

C. albi- | C. gla- | C. k}fu- A. fumi-| C. neo- | S. au- MRSA | E. coli P. aeru- M.Intrac
cans brata sei gatus |formans| reus ginosa | ellulare

0 0
%Inh. | % Inh. | % Inh. | % Inh. | % Inh. | % Inh, | 20 W | %o dnh o b | % nh,

Amphotericin B 98 98 97 99 98 ND ND ND ND ND
Ciprofloxacin ND ND ND ND ND 93 99 100 95 76
A. micrantha 2 2 0 0 10 0 2 1 3 1
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Determination of antiradical activity of essential oil. Studies antiradical activity of essential oil was per-
formed with respect 2,2-diphenyl-1-picrylhydrazyl radical (DPPH). Absorbance analytes dependent on the
concentration measured on a spectrophotometer Cary 60 UV-Vis at 520 nm wavelength. Antiradical activity
of essential oil, we compared with gallic acid (GC) and butylhydroxyanisole (BHA). The values of antiradi-
cal activity (ARA) were calculated using the formula shown below:

ARA (%) = (4o — A,)/ 4o * 100 %.

Here A, — optical density control; 4, — the optical density of the working sample [12].

DPPH molecule forms a free radical that is stable in the different environments and wide temperature
range, due to the maximum freedom of the electron delocalization over the entire molecule and spatial
shielding atoms bearing the greatest spin density as well as the lack of hydrogen atoms in the positions where
the isomerization may occur or disproportionation. In addition, delocalization is causing intense violet color
of this radical in the aqueous-alcoholic media, the interaction with the antioxidant, capable of donating a pro-
ton, there is a restoration of the radical, resulting in the violet color turns into yellow.

The experimental data show that the essential oil of A. micrantha showed middle antiradical activity
(Tables 5, 6).

Table5
Change of optical density from concentration
Values of optical density
No Sample depending on concentration (mg/ml)
0,1 0,25 0,5 0,75 1,0
1 |BHA 0,1278 0,1240 0,1260 0,1250 0,1240
2 |A. micrantha Willd. 0,2686 0,3038 0,3194 0,3021 0,4537
Table 6
Antiradical activity of essential oil in different concentrations (%)
The concentrations of essential oil (mg/ml)
No Sample 0.1 0,25 0,5 0,75 1,0
1 |BHA 80,0 80,7 80,3 80,5 80,7
A. micrantha Willd. 49,41 42,78 39,83 43,09 14,55

Determination of the cytotoxic activity of essential oil was carried out for the first time.

Separating funnel filled with 55 ml of artificial sea water and 200 mg of eggs Artemia salina. Allowed
standing for 3 days at the air supply until soft crustaceans gave the egg. One side of the tube covered with
aluminum foil and 5 minutes later, the larvae that are going on the bright side of the funnel, removed Pasteur
pipette.

2040 larvae were placed in 990 pl of seawater into each of the 24 micro titer plates. Dead larvae were
counted under a microscope. Added 10 pl of dimethylsulfoxide solution of 10 mg/ml sample. As a compari-
son, the drug actinomycin D or staurosporine. For a negative control 10 ul was added only DMSO. After
24 h of incubation and further maintaining micro titer plates for 24 hours (to ensure immobility) counts the
dead larvae under the microscope.

Mortality P determined by the following formula:

P=(A4—-N-B)/Zx 100 %.

Here 4 — amount of dead larvae after 24 h; N — amount of larvae died before the test; B — the average
amount of larvae died in a negative control; Z — the total amount of larvae [13].

Results of the study the cytotoxic activity of essential oils are shown in Table 7.

Based on this experiment it can be assumed that the essential oil of A. micrantha in all concentrations
tested exhibit acute lethal toxicity — all larvae are died.
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Table 7
The cytotoxic activity of essential oils of A. micrantha
The amount
. The amount of larvae The amount The amount
of larvae in the . . . . | The percentage
in a sample of surviving of surviving |Mortali- S
Parallel control . of neurotoxici-
e i larvae in the larvae ty, P, % tv. %
su died surv died |paralyzed| control, % in sample, % Y. 70
vors Vors
10 mg/ml
1 22 0 0 23 0
2 25 1 0 26 0
3 24 2 0 26 0 %6 0 %6 0
Medium | 24 1 0 25 0
5 mg/ml
1 22 0 0 29 0
2 25 1 0 23 0
3 24 2 0 25 0 %6 0 %6 0
Medium | 24 1 0 26 0
1 mg/ml
1 22 0 0 25 0
2 25 1 0 22 0
3 24 2 0 20 0 %6 0 %6 0
Medium | 24 1 0 22 0

Also essential oil 4. micrantha was tested for activity against acrobic microorganisms, mycobacterium,
and yeast according to [14—18] for the first time. It is found that the essential oil of 4. micrantha has no ac-
tivity against aerobic microorganisms, mycobacterium (anti-tuberculosis), yeast and mold.

Conclusions

Thus, during the researches the chemical composition of A. micrantha Willd. essential oil was deter-
mined. It is found that the composition of the essential oil is dominated by the following substances:
1,8-cineole — 24.4 %, camphor — 12.4 %, camphene — 7.0 %, a-pinene — 5.7 %, sabinene — 5.5 %,
o-cymol — 3.9 % and 4-terpineol — 2.8 %. Flowers essential oil of A. micrantha from Iran [6] were charac-
terized by higher amounts of binapacryle — 83.6 %, 1,8-cineol — 3.8 % and a-selinene — 4.5 %.

It is experimentally proved that the essential oil of 4. micrantha Willd. does not possess antimicrobial,
anti-tuberculosis, antifungal, antimalarial activity. The experimental data show that the essential oil of
A. micrantha showed middle antiradical activity. The essential oil of 4. micrantha from Iran [6] had more
antioxidant activity with (IC50 0.184+0.0475 pg/ml in dry weight in same method). It was determined that
the essential oil 4. micrantha Willd. had a high cytotoxic activity.

Investigations of anti-tuberculosis, antifungal, antimalarial and cytotoxic activity were carried out for
the first time.
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Achillea micrantha 3¢pup MaiibIHbIH KOMIIOHEHTTIK KYPaMbl
JKOHE OHBLIH OHOJIOTHSIJIBIK OeJIceHaiIiri

Makanana Achillea micrantha Willd. (xypaeniryngigep TYKbIMIACTBIFBI) eciMairi 3¢up MailbIHBIH
KOMIOHEHTTIK KypaMbl >KOHE OHONOTHSJIBIK OelCeHAIri OOMbIHIIAa MAIIMETTep KenTipiireH. 3eprreyre
anplHFaH ecimaik mmmkizatel Kasakcran PecnyGnukaceinbin Kaparanapl adiMarbiHoa TyJiey Ke3eHiHIe
JKUHAIFaH. OCIMAIKTIH 3Qup Mailbl CyNbl AUCTHIUIAMS OAiCIMEH aNbIHABI, MBIFBIMBI 0,22 %-Ib1 KYpabl.
O¢up maitbiHbH KoMnoHeHTTIK Kypambl Clarus-SQ 8 (PerkinElmer) macc-cieKTpoMeTpHsUIBIK A€TEKTOPIIBI
ra3[blK XpoMarorpad acmadbl KeMeriMeH aHbBIKTaIAbl. D(Gup MalbIHBEIH MHKpoOTapra, 3eHre, Oe3rekke
Kapchl, IMTOYBITTBUIBIK, paJuKajlgapra >XKoHe TyOepKymesre Kapchl OeJCEeHIUIK Typiepi 3epTTeliai.
MukpoOKa jxoHe 3eHre Kapchl OSJICCHAUTIKTep agaM YIIiH KayinTi caHanaTeiH 5 G6akrepus (Staphylococcus
aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) xone
5 3en (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans)
[ITAMMIAPbIH HaiilanaHy apKbUIbl aHBIKTaNIbl. besrekke kapcel Oencenainik Plasmodium falciparum D6
KapamaiieiMuapeiH Oacy KaOineTi OoitbiHma 3eprrenai. LutoTokcukanbik OenceHminik Artemia salina
JIepHACLIIepiHe KAThICTHI ChIHAK OOWBIHIIA aHBIKTAIIbL. D(GUpP MAbIHBIH paJuKalFa Kapchl OeiaceHaiiri 2,2-
I eHI- | -IMKPUITHAPa3Ul 3aThlHA KaThICTBl 3€PTTENAl, CAIBICTBIPY PEAreHTi PETiHIE rall KbILIKbUIbI
JKOHE OYTWIITHAPOKCHAHM30J KOJIAHBULIBL. D(HUp MaibIHBIH TyOepkyiesre Kapchl OenceHiimiri Oipinmi
KaTapaarbl Oapnplk  Oec mpemapar (CTPENTOMHULMH, W30HHA3WA, pUGAMIMLKH, 3TaMOYTON JKOHE
nupasuHamu) OolibiHIIa cedimTan caHantaThin H37Rv Tybepkyne3 MUKOOAKTepHsChIHA KATHICTBI 3€PTTEIII.
3eprrey Hatmxecinae A. micrantha Willd a¢up MaiiblHBIH JKOFapblia KeNTipiireH OeaceHIuTiKk TypiepiH
KOPCETIEHTIHAINI HeMece TOMEH [opexele KOpPCeTeTIHAIr aHbIKTanabl. Ddup Maitel Artemia salina
JIepHACiIepiHe KATBICTHI OapibIK ChHIHANFAH KOHIEHTpanus MoHzepinnge (1-10 Mr/mur) skorapsl yIbUIBIK
KepceTei.
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KommnoneHTHbI# cocTaB 3¢upHoro macaa Achillea micrantha
U ero 0HoJIOrHYecKasi AKTUBHOCTH

B craTtbe mpuBeneHB! JaHHBIE 110 WCCIEAOBAHHIO KOMIIOHCHTHOTO COCTaBa M OHMOJIOTHYECKOH aKTHBHOCTH
a¢upnoro macna Achillea micrantha Willd. (ceMeliCTBO CI0KHOLBETHBIX). PacTuTenbHOE CHIpbE I HCCIe-
noBaHus ObUTI0 coOpanHo B KaparanamHckoil o6iacTé B Iepuoj UBETeHUs. DPUPHOE MAciIO PacTeHUs ObLIO
MOJTy4YEHO € MOMOILBIO METO/A THAPOAUCTHILIILUY, BbIX0oa cocTaBua 0,22 %. KommnoneHnTHslit coctas 3¢dup-
HOT'O Maclla H3y4eH ¢ MOMOLIBIO ra30Boro xpomarorpada ¢ Macc-creKrpomerpuyeckum perekropom Clarus-
SQ 8 (PerkinElmer). M3y4yensl aHTUMHKpPOOHAsl, IPOTHBOTPHUOKOBAs, MPOTHBOMAIISIPUIHAS, IIUTOTOKCHYE-
CKas, aHTHPAANKaJIbHAS W NPOTHBOTYOEPKYyJIC3HAs! aKTUBHOCTH d(PUPHOrO Macia. AHTUMHKPOOHAs U aHTH-
rpuOKOBasi aKTUBHOCTH OBbLIA OIPE/eNICHA C MCHOIb30BaHUEM IITAMMOB ITATOTCHHBIX IS YelloBeKa 5 OakTe-
puit (Staphylococcus aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium
intracellulare) n 5 tpu6os (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus
neoformans). AHTUMAanspuitHas aKTUBHOCTh 00pa3LoB Obla OIMpe/e/ieHa M0 UX aKTUBHOCTH K MHIHOMPOBa-
Huto npocteiiux Plasmodium falciparum D6. LlutToToKcHYeckas akTHBHOCTh POBE/ICHA C UCIIOIb30BaHHEM
TECTa HAa JIMYMHKAX PadykoB Artemia salina. OnpeneneHue aHTHPaJUKaIbHOW aKTHMBHOCTH 3(MPHOTrO Macia
HPOBOJAMIM IO OTHOIIEHHIO K 2,2-nnudeHmi- | -MuKpuIruaApasuily, B KauecTBe pearcHTa I CPaBHEHMS HC-
TIOJIb30BAJIN TAIUIOBYIO KHCJIOTY U OyTHIATHIpOoKcHanu3oil. TyOepKye3Hass akTHBHOCT 3()UPHOTO Macia Obl-
JIa ompezeneHa Ha MuKoOakTepun Tyoepkyieza H37Rv, KOTOpBIH TyBCTBUTEINCH IS BCEX ISITU TyOepKyIIe3-
HBIX IpenapaToB NEPBOTO psijia (CTPENTOMHULUH, M30HHA3UJ, pU(MAMITHINH, 3TaMOYTONI M NHPAa3WHAMHUL).
B pesynbrare nccnenoBaHus YCTaHOBICHO, 4TO 3pupHOE Macio A. micrantha Willd. He o6nanaer nwim oba-
JIaeT HU3KOH CTENEHbIO NPHBE/ICHHBIX BbILIE BUIOB aKTUBHOCTH, NPOSIBIACT JETAIbHYIO TOKCHYHOCTb B OT-
HOUICHUH JIUIMHOK Artemia salina BO BceX UCTIBITaHHBIX KOHIEHTparmax (1-10 mr/mi).
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