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The study of the elemental composition of Iris hungarica
and varieties of irises

Aim. To determine the elemental composition of leaves and rhizomes of Iris hungarica and dwarf bearded irises.

Materials and methods. The objects of the study were leaves and rhizomes of Iris hungarica Waldst et Kit. and
5 varieties of standard dwarf bearded irises (/ridaceae). The content of macro- and microelements in the leaves and
rhizomes of irises was determined by atomic emission spectrometry.

Results and discussion. For the first time the quantitative content of the mineral complex of Iris hungarica and
dwarf bearded irises has been determined by atomic emission spectrometry. In total, 19 elements have been identified;
among them there are 5 macroelements (K, Ca, Mg, Na, P), 10 microelements elements (Fe, Si, Al, Mn, PI, Ni, Mo, Cu,
Zn, Sr), 4 ultramicroelements (Co, Cd, As, Hg). The content of heavy, toxic elements are within the permissible limits.
The experimental data will be further used to standardize the raw material of irises.

Conclusions. The quantitative content of the mineral complex of Iris hungarica and dwarf bearded irises has been
identified. According to the research results the raw material of irises can be recommended as an additional source of
macro- and microelements.
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B. M. Koanbos, A. B. KpeuyH, O. O. Muxannexko, O. B. lpuwmHa
DocnipxeHHs enemeHTHOro cknapy Iris hungarica Ta copTiB NiBHUKIB

Merta. BCTaHOBUTM €NeMEHTHWUIN CKNaj, NMUCTS Ta KOPEHEBULL, NIBHWKIB YTOPCbKNX Ta KapnukoBmx 6opoaatnx NiBHUKIB.

Marepianu Ta meTtoau. O6’ekTamu OCnigKEHHS Oynn NUCTS Ta KOPeHeBULLIA NiBHUKIB yropcbkux (Iris hungarica
Waldst et Kit.) Ta 5 copTiB cTaHAapTHMX KapnukoBux bopogatux nisHukiB (/ridaceae). BmicT makpo- Ta MikpoenemMeHTiB
y NWCTI Ta KOpeHeBKLLax NiBHWKIB BCTAHOBMOBaNN METO40M aTOMHO-EMICIHOI CNEKTPOMETPIl.

Pe3ynbTaTty Ta ix 06roBopeHHs. Brieplue KinbkiCHUA BMICT MiHepanbHOro KOMMIEKCY MIBHUKIB YrOpCbKMX Ta
KapriMkoBUX MiBHUKIB OyB BCTAHOBNEHMIA METOAOM aTOMHO-EMICIIHOT cnekTpomeTpii. Bynu igeHTndikoBaHi 19 enemen-
TiB, cepeq skux 5 — makpoenemeHTu (K, Ca, Mg, Na, P), 10 — mikpoenemeHTn (Fe, Si, Al, Mn, Pb, Ni, Mo, Cu, Zn, Sr),
4 — yneTpamikpoenemeHTu (Co, Cd, As, Hg). BMICT BaXKnx, TOKCUYHMX ENEMEHTIB 3HAXOAUTLCS Yy AONYCTUMUX MEXaX.
[aHi ekcneprMeHTy ByayTb BUKOPWUCTaHI ANsi cTaH4apTu3aLii CUPOBUHY NIBHUKIB.

BucHoBkuW. BcTaHOBNEHWI KiNbKICHWIA BMICT MiHEpPaIbHOrO KOMMIIEKCY MIBHUKIB YTOPCbKUX Ta KaprvmkoBux 6opo-
[atux niBHUKIB. Pesynsrati gocnimkeHb MOXYTb pEKOMEHYBaTW CUPOBUHY MIBHUKIB sIK JO4ATKOBE JXKEPENO MaKpo-
Ta MiKpOEeneMeHTIB.

Knrovoei cnoea: nigHuUKuU; nucmsi; KopeHesuwe; eneMeHmHull ckrad; amoMHo-eMiciliHa criekmpomempisi

B. H. KoBanes, A. B. KpeuyH, O. A. MuxarneHko, E. B. NpuwmHa
UccnepoBaHue aneMeHTHOro coctaBa Iris hungarica u copToB UPUCOB

Llenb. YCTaHOBUTb 3MEeMEHTHbI COCTaB NUCTLEB M KOPHEBULL, MpUCa BEHIEPCKOTO 1 KaprvKoBbix 6GopoaaTtbix upu-
COB METOA0M aTOMHO-3MUCCUOHHOW CNEKTPOMETPUM C OYroBbIM BO30Y>XOEHMEM CMEKTpa.

Martepuansi u Mmetoabl. O6bekTaMu UccnenoBaHns Obinn NMUCTbs M KOPHEBMLLLA MpUca BeHrepckoro (Iris hungarica
Waldst et Kit.) n 5 copToB cTaHaapTHbIX KapnukoBbix 6opoaaThix pucos (lridaceae). CogepxaHue Makpo- U MUKPO-
3M1EMEHTOB B NMUCTbSAX Y KOPHEBULLAX MPUCOB YCTaHABNUBaNy METOAOM aTOMHO-3MUCCUOHHOIN CNEKTPOMETPUM.

Pe3ynbraThbl M x 06cyxaeHune. Bnepsble konnmyecTBeHHOe cogepXaHne MMHepanbHOro KoMmnekca upuca BeH-
repckoro 1 KaprMkoBbIX MPUCOB OblN yCTaHOBNEH METOAOM aTOMHO-3MUCCMOHHOWN CnekTpomMeTpun. beinv nageHTtu-
drumpoBaHbl 19 anemeHTOB, cpeamn KoTopbix 5 — makpoanemeHThl (K, Ca, Mg, Na, P), 10 — mukpoanemeHTsl (Fe, Si,
Al, Mn, Pb, Ni, Mo, Cu, Zn, Sr), 4 — ynstpamukpoanemeHTsbl (Co, Cd, As, Hg). CopepxaHune TsxernbiX, TOKCUYECKNX
3MEeMEHTOB HaxoAMTCs B AOMYCTUMbIX npedenax. [JaHHble akcnepumeHTa OyayT UCnonb3oBaHbl ANS CTaHAapTM3aumm
CbIpbSl UPVICOB.

BbiBOoAbIl. YCTAaHOBMNEHO KONMYECTBEHHOE COAEPXKaHNe MUHepanbHOro KOMMeKca npruca BEHrepckoro u Kapnm-
KoBbIXx 6opoaaTbix MpucoB. PesynkraThl nccneqoBaHuin MOryT PEKOMEHA0BATb Cbipbe MPUCOB KaK AOMONHUTENbHbIN
WCTOYHMK MaKpO- 1 MUKPOINEMEHTOB.

Knroyesnbie crioga: upuchl; NUCMbs; KOPHe8UWa, r1eMeHMHbIU cocmas; amoMHO-3MUCCUOHHas
criekmpomempusi
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Since the middle of the last century the interest in
medicinal plants has increased considerably, therefore,
a more detailed study of biologically active substances
(BAS) of the plant origin continues [1]. The peculiarity
of plants is that they are able to accumulate different
groups of substances with a high biological activity, as
well as vitamins, amino acids and minerals, which have
also an impact on the physiological processes of both
the plant itself and humans. Macro- and microelements
are the integral components of plant cells, providing the nor-
mal physiological state and plant development. They can
also affect the activity of one or another major BAS syn-
thesized by a medicinal plant: they can be antagonists,
synergists, or can increase or neutralize toxicity [2]. Macro-
elements (more than 0.01 % of the content in living or-
ganisms) and microelements (less than 0.001 % of the con-
tent in living organisms) are the mineral parts that are
insignificant, but play an important role. These elements
also perform the regulatory function within the human
internal environment. For example, sodium (Na) is one
of the components that maintains the acid — base balance;
calcium (Ca) is an activator of a large number of enzy-
mes, and is part of vitamin B,; magnesium (Mg) takes
part in nerve conduction; iron (Fe) is the main compo-
nent of hemoglobin, which provides transportation of
oxygen; potassium (K) provides the muscle contraction
and osmotic pressure [3]. The presence of such elements
as lead, cadmium, rubidium, lanthanum, chromium, stron-
tium, arsenic and stibium in the medicinal raw material
may indicate toxicity and environmental hazard [4]. There-
fore, determination of the mineral composition of the plant
raw material is an integral part of the pharmacognostic
study of medicinal plants.

Continuing the research of plants of the Iridaceae
family Iris hungarica and 5 varieties of dwarf bearded
irises were selected at this stage of the study. Along with
the already known official medicinal plants, determina-
tion of the mineral complex in the cultivated plants is an
important stage when introducing them into the pharma-
ceutical industry. This can further lead to a future out-
look of developing phytopreprations based on them.

Iris hungarica Waldst et Kit., representatives of the ge-
nus /ris L., are widely distributed on the territory of Ukraine
and the near abroad. This is a perennial herbaceous plant,
from 15 to 40 cm in height. Leaves are sharp at the ends,
linearly obvious, appear later in the peduncle. The rhi-
zome is thickened — up to 2 cm in diameter, with a lot
of roots [5].

Standard dwarf bearded irises (SDB) are a cultiva-
ted species of irises. Due to their decorative qualities this
species is widespread throughout the world. The plants
reach from 21 to 40 cm in height, with the color of lea-
ves varying from blue to dark green. As a rule, on the flo-
wer peduncle there are 2-4 flowers with the most diverse
color of petals and beards. The rhizome is up to 2 cm in
thickness [6].

Throughout history, irises have been used in folk me-
dicine: they have analgesic, antiseptic [7], diuretic [§],

anti-inflammatory [9], astringent [10], expectorant [11],
antiviral, anti-TB effects [12]. In traditional medicine,
the raw material of irises iris is part of 8 drugs and bio-
logically active additives [13]. According to the results
of the previous studies, in the raw material of /ris hun-
garica the following components were identified: iso-
flavones (daidzein, formononetin, genistein), flavonols
(quercetin), hydroxycinnamic acids (cinnamic, hydroxy-
cinnamic, ferulic, chlorogenic), phenolic acids (galic),
xanthones (magniferine, isomangiferine) [ 14]. The subs-
tances of phenolic nature, such as tectorigenin, tectori-
din, irigenin, iristectorigenin B, iristectorin B, daidzein,
genistein, formononetin, kaempferol, quercetin, mangi-
ferine were also isolated [15, 16].

The aim of this work was to determine the elemen-
tal composition of leaves and rhizomes of Iris hunga-
rica and DSB varieties by the atomic emission spectro-
scopy method with an arc excitation of the spectrum.

Materials and methods

The objects of the study were leaves and rhizomes of
Iris hungarica Waldst et Kit. harvested during the gro-
wing season in 2014, as well as 5 varieties of standard
dwarf bearded irises: Iris x hybrida hort. “Bright white”,
Iris x hybrida hort. “Indian Pow Waw?”, Iris x hybrida hort.
“Galleon Gold”, Iris x hybrida hort. “Mini Dynamo”,
Iris x hybrida hort. “Little Dream” were also collected
during the growing season in 2016 at the M. M. Gryshko
National Botanical Garden of the National Academy of
Sciences of Ukraine (Kyiv).

The mineral complex was studied in the State Scien-
tific Institution “Institute for Single Crystals” of the Na-
tional Academy of Sciences of Ukraine (Department of
Analytical Chemistry of Functional Materials and Objects
of the Environment).

The atomic emission spectroscopy with arc excita-
tion was used to determine the elemental composition
of the objects studied.

Pre-treated by sulfuric acid the crushed raw mate-
rial of the objects (3-4 mm) studied was incinerated in
porcelain crucibles at a temperature of 500 °C for 1 hour
in a muffle furnace. Excitation of IBS — 28 type spectra
occurred in the discharge of the electric arc at the cur-
rent of 16 A and the exposure time of 60 seconds [17].
To obtain and record the spectra of samples a DFS — 8
spectrograph with diffraction gratings of 600 ps/mm and
the three-line slit illumination system was used. The in-
tensity of the emission lines was measured using a MF —
4 microphotometer. The wavelength was from 240 nm to
347 nm. The sample data were compared with standard
samples. The results were obtained by averaging 4 — 5
parallel tests and processed by the method of mathema-
tical statistics [18].

Results and discussion

The absorption and transport of minerals reflects geno-
typic features (the ability to bioaccumulate chemical ele-
ments) and the conditions of the plant growth (soil com-
position, water regime, climatic conditions) [19]. As a re-
sult of the analysis it has been found that the ash content
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Table

Mineral complex of leaves and rhizomes of Iris hungarica and SDB irises

The The element content, mg/100g . < ?\_;
< C
Sample | study v g
object | Fe | Si | P | Al [Mn|Mg|Pb | Ni [Mo| Ca | Cul| Zn | Na| K | Sr £§
S leaves | 20 | 815|100 | 35 | 0.6 | 715 |<0.03|<0.03|<0.03{1900| 0.6 | 6.0 | 24 |1190| 24 [11.93
25
C
2 rhizome| 58 | 585 | 80 | 23 | 1.9 | 140 |<0.03|<0.03(<0.03| 750 | 0.7 | 3.8 | 23 | 430 | 47 | 7.32
RS
S .5 | leaves |158| 84 | 126 | 23.1| 6.3 | 365 |<0.03|<0.03|0.031{1050| 0.31 | 94 | 52 (2100|12.6 |10.56
2533
2 gu rhizome | 15.2| 115 | 115 | 38 | 5.7 | 215 |<0.03]|0.076(0.038| 685 | 0.30 | 15.2| 61 [1900|13.7| 7.6
o Y
EEE leaves |20.0 | 120 | 160 | 265 | 2.0 | 400 (<0.03|<0.03| 0.04 {1330|0.66 | 10.6 | 67 |3990|20.0 | 13.3
£33
-‘QEQ rhizome | 21.5| 215 | 145 | 86 | 2.1 | 260 |<0.03]|0.086(0.043|1030| 0.34 | 21.5| 60 [2150|17.2| 8.61
‘UH
Eéé leaves |18.1| 100 | 170 | 20 |12.6 | 305 |<0.03| 0.05|0.05| 810 | 0.75|10.0| 50 [3030|15.1| 9.63
-‘QE = rhizome | 28.8 | 240 | 125 | 38 | 3.4 | 290 |<0.03]|0.096(0.096| 960 | 0.48 | 24.0 | 67 [2880|17.3| 9.6
= <
TS A
_gég leaves | 12.0| 86 | 205 |25.8 | 2.6 | 515 [<0.03|<0.03|0.086(1720| 0.70 | 13.8 | 52 |4300|25.8 | 17.2
2 v e
x
‘sgé‘ rhizome | 86 | 430 | 170 | 105 | 3.4 | 260 |0.086|0.043(0.043|1030| 0.51 | 15.5| 69 [2150|17.2| 8.6
S S 2
E%% leaves | 17 | 115|170 | 34 | 4.0 | 340 (<0.03|<0.03|0.056({1020| 0.50 | 10.2 | 34 |3390| 13.5 [11.41
2£=2
X o 2
2 52 |rhizome| 87 | 520|150 | 87 | 5.2 | 260 <0.03|0.043(<0.03{1045|0.43 | 17.4 | 43.5|1740| 19.1 | 8.67
=

Note. In all samples: Co < 0.03\mg/100g; Cd < 0.001 mg/100g; As < 0.001 mg/100g; Hg < 0.001 mg/100g.

of the objects studied ranges from 7 to 17 %. The con-
tent of ash in rhizomes is lower (7.32-9.6 %) than in
leaves (from 9.63 % to 17.2 %).

In the raw materal of irises 19 elements in total were
identified, among them there were 5 macroelements (K,
Ca, Mg, Na, P), 10 microelements elements (Fe, Si, Al,
Mn, Pl1, Ni, Mo, Cu, Zn, Sr), 4 ultramicroelements (Co,
Cd, As, Hg), the quantitative content was determined
(Table). There was a significant amount of potassium
(430-4300 mg/100 g), calcium (685-1900 mg/100 g) and
magnesium (140-715 mg/100 g). Such macroelements as
phosphorus (80-205 mg/100 g) and sodium (23-69 mg/100 g)
accumulated in smaller quantities (Fig. 1, 2). The raw
material of irises accumulated a considerable amount of
silicium (84-815 mg/100 g), aluminum (20-265 mg/100 g),
iron (12.0-87 mg/100 g), strontium (4.7-25.8 mg/100 g),
zinc (3.8-24 mg/100 g). It was noted that the rhizome of
irises accumulated more nickel (Ni), molybdenum (Mo)
and lead (Pb) than leaves. Such elements as cobalt (Co),
cadmium (Cd), mercury (Hg), arsenic (As) were detected
within the scope of capabilities (Co < 0.03 mg/100g;

Cd, As, Hg <0.001 mg/100g). Heavy, toxic metals were
within the permissible limits for the medicinal raw ma-
terial and food products [20].

The content of the elements in the samples of the raw
materal of Iris hungarica can be arranged in the following
decreasing sequence of the content: for leaves —Ca > K >
Si>Mg>P>Al>Fe>Na=Sr>Zn>Mn=Cu>Mo=
Pb =Ni > Co =As = Hg = Cd; for rhizomes — Ca > Si >
K>Mg>P>Fe>Al=Na>Sr>Zn>Mn>Cu>Mo=
Pb=Ni>Co=As=Hg=Cd.

By the quantitative content of the elements potas-
sium (K), calcium (Ca) and magnesium (Mg) dominate,
their greatest amount is accumulated in leaves of irises.
Such elements as iron (Fe), aluminum (Al), sodium (Na),
strontium (Sr), zinc (Zn) and silicium (Si) have a higher
content in rhizome of irises.

It is known that plants are able to accumulate secon
dary metabolites, such as alkaloids, triterpene and phe-
nolic compounds. In turn, the pharmacological effects
of plants depend precisely on the characteristics of
the chemical composition of the secondary metabolites.
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1 - Iris hungarica leaves

2 - Iris hungarica rhizome

3 - Iris “Galleon Gold” leaves

4 - Iris “Galleon Gold” rhizome
5 - Iris “Little Dream” leaves

6 - Iris “Little Dream” rhizome
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7 - Iris “Bright white” leaves

8 - Iris “Bright white” rhizome

9 - Iris “Mini Dynamo” leaves

10 - Iris “Mini Dynamo” rhizome
11 - Iris “Indian Pow Waw” leaves

12 - Iris “Indian Pow Waw” rhizome
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Fig. 1. Macroelements of irises
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Note. In all samples: Pb, Mo, Ni, Co < 0.03 mg/100g; Cd, As, Hg < 0.001 mg/100 g.

Fig. 2. Microelements of irises



ISSN 2415-8844 (Online)

VISNIK FARMACII 4 (96) 2018

ISSN 1562-7241 (Print) 13

Thus, phenolic compounds have a rather wide spectrum
of the biological activity; they possess the anti-inflam-
matory, diuretic, antibacterial, hepatoprotective effect, etc.
Alkaloids are characterized by different activity: cardio-
tonic, antitussive, antihypertensive, sympatholytic, anal-
gesic. Triterpenes show the antitumor, hypocholestero-
lemic, expectorant, adaptogenic activity. The elements
accumulated by the plant affect formation of certain bio-
logically active substances. Cu, Mn, Fe, Co promote
the biogenesis of phenolic compounds, Mo, Mn, Sr —
triterpene compounds, Mg, Cr — polysaccharides. Macro-
and microelements regulate not only the vital activity
of the plant cell, but also affect the metabolic processes
of the human body, the cardiovascular system, the im-
mune, endocrine, nervous system, and the reproductive
function in human. It is known that mineral substances
are capable of neutralizing or facilitating assimilation
of certain groups of biologically active substances, and
are also an integral part of enzymes. Based on these data
the raw material of irises can be used as an additional
source of macro- and microelements.

It should be noted that varieties of irises accumu-
late a greater amount of potassium, sodium, phosphorus
and zinc in the raw material than Iris hungarica. Iris x
hybrid hort. “Mini Dynamo” has the highest potassium
and phosphorus content, /ris x hybrid hort. “‘Little Dream” —
the sodium content. But varieties of irises have a small-
er amount of calcium, magnesium and silicium than /ris
hungarica.

CONCLUSIONS

For the first time the quantitative content of the mine-
ral complex of Iris hungarica and dwarf bearded irises
has been determined by atomic emission spectrometry.
The content of 19 elements in leaves and rhizomes of
irises has been determined. According to the research
results the raw material of irises can be recommended
as an additional source of macro- and microelements.
Experimental data will be further used to standardize
the raw material of irises. The study of plants of the ge-
nus /ris L. continues.

Conflict of Interests: authors have no conflict of
interests to declare.

REFERENCES

1. HccnenoBaHne aHTHOKCHIAHTHBIX CBOMCTB HKCTPAKTOB JIeKapCTBEHHBIX pacteHnii / I. A. Topenuxosa, E. B. llurus, JI. A. MatopHuxo-
Ba, JI. B. Tepeuty // Xpanenue u nepepabotka cenbxo3cbipbs. —2007. — Ne 3. — C. 26-30.

2. Macro-and microelements as possible markers of quality and authenticity for fruits and derived products / R. E. Ionete, O. R. Dinca,
O. R. Geana, D. Costinel // Progress of Cryogenics & Isotopes Separation. —2016. — Vol. 19, Ne 1.

3. Galam, S. When humans interact like atoms / S. Galam // Understanding Group Behavior. —2014. — Vol. 1. — C. 293-312.

Nagajyoti, P. C. Heavy metals, occurrence and toxicity for plants: a review / P. C. Nagajyoti, K. D. Lee, T. V. M. Sreekanth // Environ-
mental Chem. Lett. —2010. — Vol. 8, Ne 3. — C. 199-216. https://doi.org/10.1007/s10311-010-0297-8

5. Krechun, A. V. Determination of quantitative composition of xanthones in the undergraund organs of Iris sibirica and Iris hungarica:
The material of the conference “Topical issues of new drugs development: abstracts about international scientific and practical conference
of young scientists and students”. (Kharkiv, 23.04.2016) / A. V. Krechun, V. N. Kovalev, O. O. Mykhailenko. — Kharkiv : National

University of Pharmacy, 2015. — 44 p.

6. Byiinun, 0. B. MatpoxykimonHoe copron3yuenue npenacrasureneii poxa Iris L. B HanmonansnoM 6oranmaeckom cany nvenn H. H. I'pum-
k0 HAMH Vxpaunsl: MexnyHap. Hayd. koH(®., mocBsuieHHas 170-neturo CyxyMmckoro 6otanndeckoro cana, 115-neruto Cyxymckoro
cyOTponnueckoro aenaponapka, 80-i1eruto npodeccopa I I. Aiiba u 105-neruro mpodeccopa A. A. Konakosckoro (Cyxym, 5-9 okTsiOpst

2011). — Cyxym, 2011. - C. 115-119.

7. Kovalev, V. N. A New Isoflavone from Iris pseudacorus. / V. N. Kovalev, O. A. Zatylnikova, S. V. Kovalev // Chem. of Natural Com-
pounds. —2013. — Vol. 49, Ne 1. — C. 34-35. https://doi.org/10.1007/s10600-013-0499-y

8. Asghar, S. F. Gas chromatography-mass spectrometry (GC-MS) analysis of petroleum ether extract (oil) and bio-assays of crude extract
of Iris germanica / S. F. Asghar, M. 1. Choudahry // Intern. J. of Genetics and Molecular Biol. — 2011. — Vol. 3, Ne 7. — C. 95-100.

9. Krechun, A. V. Research of the chemical composition of biologically active substances of Iris sibirica L.: The material of the conference
“Topical issues of new drugs development: abstracts about the international scientific and practical conference of young scientists and
students” / A. V. Krechun, O. A. Zatylnikova.— Kharkiv : National University of Pharmacy, 2013. —P. 8.

10. Krechun, A. V. Organic and hydroxycinnamic acids of Iris hungarica: Marep. pecm. Hay4.-pakT. KOH}. (C MEXIAyHAp. YIaCTHEM)
«AKTyaJbHBIE BOIIPOCHI 00pa3oBaHus, HAyKu U Ipon3BoxacTsa B papmarum» / A. V. Krechun., O. O. Mykhailenko, V. M. Kovalyov. —

Tamkent, 2016. — C. 6-7.

11. Antibacterial and phytochemical screening of different extracts of five Iris species growing in Kashmir / S. H. Wani, A. Amin,
M. A. Rather et al. // J. of Pharm. Res. —2012. — Vol. 5, Ne 6. — C. 3376-3378.

12. Free radical scavenging and antibacterial activity of essential oil and solvent extracts of Iris planifolia (Mill) from Algeria / I. Chikhi,
H. Allali, M. E. A. Dib et al. // J. of Med. Plants Res. — 2012. — Vol. 6, Ne 10. — C. 1961-1968.

13. Antimicrobial activity of extracts of Iris hungarica and Iris sibirica / V. M. Kovalev, O. O. Mykhailenko, A. V. Krechun, T. P. Osolod-
chenko // Anamn MeunukiBcbkoro iHCTHTYTY. — 2017, — Ne 2. — C. 57-64. https://doi.org/10.5281/zenodo.803878

14. KpeuyH, A. B. TIpensapurenbHoe n3ydeHrne OMOIOrHYECKH aKTUBHBIX BEILIECTB HEKOTOPBIX COPTOB poia [ris L. Meronom xpomarorpadun:
AKTyaJbHbIe BOIIPOCH! COBPEMEHHOW MeuIHbI U papmarmu 2017: marep. 69-it HTOrOBOM Hayd.-IIPaKT. KOH(Q. CTYACHTOB H MOJIOJIBIX YIEHBIX
(r. Burebck, BTMY, 19-20 anpenst 2017). / A. B. Kpeuyn, O. A. Muxaitnenko, B. H. Kosanes. — Bure6ek : BTMY, 2017. — C. 199 —200.

15. Isoflavonoids from the rhizomes of Iris hungarica and antibacterial activity of the dry rhizomes extract / O. Mykhailenko, V. Kovalyov,
S. Kovalyov, A. Krechun // Ars Pharmaceutica. — 2017. — Vol. 58, Ne 1. — C. 39-45.



14 ISSN 1562-7241 (Print) BICHUMK ®APMALIII 4 (96) 2018 ISSN 2415-8844 (Online)

16. Biologically active compounds from the rhizomes of Iris hungarica / O. O. Mykhailenko, V. M. Kovalyov, S. V. Kovalyov, A. V. Kre-
chun // XKypH. opr. Ta ¢papmair. ximii. —2016. — T. 14, Ne 4 (56). — C. 63—66. https://doi.org/10.24959/0phcj.16.903

17. Svanberg, S. Atomic and molecular spectroscopy: basic aspects and practical applications / S. Svanberg // Springer Sci. & Business
Media, 2012.

18. Tpyxauésa, H. B. Maremarnueckasi craTHCTHKA B MEIMKO-OMOIOTMYECKUX MCCIIEJOBAaHUIX C IIPUMEHEHHEM Iakera Statistica. —
M. : Geotar Media, 2012. — 384 c.

19. 3arunphikosa, O. O. Exementruii cknan Iris Sibirica L. / Ykp. men. anpmanax. —2013. — Ne 16. — C. 30-31.

20. ITpo6eMbl HOPMHPOBAHHUS TSDKEIIBIX METAJLIOB B JIEKAPCTBEHHOM pacTutesbHoM cbipbe / O. U. Tepémkuna, 1. I1. Pynakosa, 1. B. I'pa-
Benb, U. A. Camputnna // @apmanus. — 2010. — Ne 2. — C. 7-11.

REFERENCES

Gorelikova, G. A., Shigin, E. V., Maiurnikova, L. A., Tereshchu, L. V. (2007). Khranenie i pererabotka selkhozsyria, 3, 26-30.

2. Tonete, R. E., Dinca, O. R., Geana, E. L., Costinel, D. (2016). Macro-and microelements as possible markers of quality and authenticity
for fruits and derived products. Progress of Cryogenics & Isotopes Separation, 19 (1).

3. Galam S. (2014). When humans interact like atoms. Understanding group behavior, 1, 293-312.

4. Nagajyoti, P. C., Lee, K. D., & Sreekanth, T. V. M. (2010). Heavy metals, occurrence and toxicity for plants: a review. Environmental
Chemistry Letters, 8 (3), 199-216. https://doi.org/10.1007/s10311-010-0297-8

5. Krechun, A. V., Kovalev, V. N., Mykhailenko, O. O. (2015). Determination of quantitative composition of xanthones in the undergraund
organs of Iris sibirica and Iris hungarica: The material of the conference “Topical issues of new drugs development: abstracts about
international scientific and practical conference of young scientists and students” (Kharkiv 23. 04. 2015 ). Kharkiv: NPaU, 44.

6. Buydin, Yu. V. (2011). Mezhdunarodnaia nauchnaia konferentciia posviashchennaia 170-letiiu Sukhumskogo botanicheskogo sada,
115-letiiu Sukhumskogo subtropicheskogo dendroparka, 80-letiiu professora G. G. Aiba i 105-letiiu professora A. A. Kolakovskogo.
(Sukhum, 5-9. 10. 2011). Sukhum, 115-119.

7. Kovalev, V. N., Zatyl'nikova, O. A., & Kovalev, S. V. (2013). A New Isoflavone from Iris pseudacorus. Chemistry of Natural Com-
pounds, 49 (1), 34-35. https://doi.org/10.1007/s10600-013-0499-y

8. Asghar, S. F., Choudahry, M. I. (2011). Gas chromatography-mass spectrometry (GC-MS) analysis of petroleum ether extract (oil) and
bio-assays of crude extract of Iris germanica. Inter. International Journal of Genetics and Molecular Biology, 3 (7), 95-100.

9. Krechun, A. V., Zatylnikova, O. A. (2013). Research of the chemical composition of biologically active substances of Iris sibirica L.:
The material of the conference “Topical issues of new drugs development: abstracts about the international scientific and practical
conference of young scientists and students”. Kharkiv, 8.

10. Krechun, A. V., Mykhailenko, O. O., Kovalyov, V. M. (2016). Organic and hydroxycinnamic acids of Iris hungarica: Materials of the
republican scientific-practical conference (with international participation) “Actual issues of education, science and production in
pharmacy”. Tashkent, 6-7.

11. Wani, S. H., Amin, A., Rather, M. A., Parray, J., Parvaiz, A. Qadri, R. A. (2012). Antibacterial and phytochemical screening of the dif-
ferent extracts of five Iris species growing in Kashmir. Journal of pharmaceutical research, 5 (6), 3376-3378.

12. Chikhi, I., Allali, H., Dib, M. E. A., Halla, N., Muselli, A., Tabti, B., Costa, J. (2012). Free radical scavenging and antibacterial activity
of essential oil and solvent extracts of Iris Planifolia (Mill) from Algeria. Journal of Medicinal Plants Research, 6 (10), 1961-1968.

13. Kovalev, V. M., Mykhailenko, O. O., Krechun, A. V., Osolodchenko, T. P. (2017). Antimicrobial activity of extracts of Iris hungarica and
Iris sibirica. Annals of Mechnikov institute, 2, 57-64. https://doi.org/10.5281/zenodo.803878

14. Krechun, A. V., Mikhaylenko, O. A., Kovalev, V. N. (2017). Predvaritelnoe izuchenie biologicheski aktivnykh veshchestv nekotorykh
sortov roda Iris L. metodom khromatografii: Aktualnye voprosy sovremennoi meditciny i farmatcii 2017: materialy 69-i itogovoi nauch-
no-prakticheskoi konferentcii studentov i molodykh uchenykh. (Vitebsk, 19-20. 04. 2017). Vitebsk: VSMU, 199 —200.

15. Mykhailenko, O., Kovalyov, V., Kovalyov, S., Krechun, A. (2017). Isoflavonoids from the rhizomes of Iris hungarica and antibacterial
activity of the dry rhizomes extract. Ars Pharmaceutica, 58 (1), 39—-45.

16. Mykhailenko, O. O., Kovalyov, V. M., Kovalyov, S. V., & Krechun, A. V. (2016). Biologically active compounds from the rhizomes of
Iris hungarica. Zurnal organicnoi ta farmacevticnoi himii, 14 (4 (56)), 63—66. https://doi.org/10.24959/0ophcj.16.903

17. Svanberg S. (2012). Atomic and molecular spectroscopy: basic aspects and practical applications. Springer Science & Business Media.

18. Trukhacheva, N. V. (2012). Matematicheskaia statistika v mediko-biologicheskikh issledovaniiakh s primeneniem paketa Statistica.
Moskva, Rossiia: Geotar Media, 384.

19. Zatylnikova, O. O. (2013). Ukrainskyi medychnyi almanakh, 16, 30-31.
20. Tereshkina, O. ., Rudakova, L. P., Gravel, I. V., Samylina, I. A. (2010). Farmatciia, 2, 7-11.



ISSN 2415-8844 (Online) VISNIK FARMACII 4 (96) 2018 ISSN 1562-7241 (Print) 15

Information about authors:
Kovalyov V. M., Doctor of Pharmacy (Dr. habil.), professor of the Pharmacognosy Department, National University of Pharmacy. E-mail: gnosy@nuph.edu.ua
Krechun A. V., postgraduate student of the Pharmacognosy Department, National University of Pharmacy. E-mail: ana2017krechun@gmail.com.
ORCID: http://orcid.org/0000-0001-5545-9415
Mykhailenko O. O., Candidate of Pharmacy (Ph.D.), teaching assistant of the Botany Department, National University of Pharmacy. E-mail: zolya85@gmail.com
Gryshyna O. V., senior engineer, State Scientific Institution “Institute for Single Crystals” of the National Academy of Sciences of Ukraine. E-mail: helen gl5@ukr.ne
Binomocrti npo aBTopiB:
KogasnpoB B. M., 1-p dapm. Hayk, npodecop kadeapu papmarornosii, HanionansHuii GpapmaneBrnyaunii yHiBepcuret. E-mail: gnosy@nuph.edu.ua
Kpeuyn A. B., acnipant kadenpu dapmaxornosii, Hanionansuuit papmanesrnunuii ynisepeutet. E-mail: ana2017krechun@gmail.com,
ORCID: http://orcid.org/0000-0001-5545-9415
Muxaitnenko O. O., kana. Gpapm. Hayk, acucTeHT kadeapu 6oraniku, Harionansuuit papmanesrrannii yuisepeuret. E-mail: zolya85@gmail.com
I'pummna O. B., crapumit imkenep, [lepsxaBunii HaykoBHit iHCTHTYT «IHCTHTYT MOHOKpHCTaniB» Hauionanshoi Akagemii Hayk Ykpainu. E-mail: helen_glS@ukr.net
Caegennsi 006 aBTopax:
Koganés B. H., 1-p dapm. nayk, npodeccop kadeapsr papmaxornosun, Harponansusiit papmanesruieckuii yansepeuter. E-mail: gnosy@nuph.edu.ua
Kpeuyn A. B., acnupant kadeapst papmakornosun, Haunonansubiii Gapmaresrnueckuii ynusepeutet. E-mail: ana2017krechun@gmail.com.
ORCID: http://orcid.org/0000-0001-5545-9415
Muxaitnenko O. A., kana. Gpapm. HayK, accucteHT kadeaps! 6otanuku, HanmonansHelii hapmareBrudeckuii yusepeutet. E-mail: zolya85@gmail.com
I'pumnna E. B., crapmmii unxkenep, ocynapcTBeHHbIi HayyHbIi HHCTUTYT «IHCTUTYT MOHOKpHCTannoB» HannonansHoit Akagemun Hayk YkpauHsl.
E-mail: helen_gl5@ukr.net
Haoitiuwna oo pedaxyii 08.08.2018 p.

The authors gratefully acknowledge to acting as the head of the Department of Ornamental plants, senior researcher of the
M.M. Gryshko National Botanical Garden of NAS of Ukraine (Kyiv), Candidate of Biology (Ph.D.) Buidin Yu.V. for his help in
the systematic classification of plants.



