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CHROMATOGRAPHY-MASS SPEGTROMETRIC STUDY

OF BIOACTIVE SUBSTANCES OF RHIZOMES WITH
ROOTS OF I. PSEUDACORUS F. ALBA

ABSTRACT
Study of component composition of essential oil, fatty
acids and sterols of rhizomes with roots of cultivated iris
I. pseudacorus f. alba was first conducted by method of
chromatography-mass spectrometry. 8 fatty acids were
identified in the raw materials, palmitic acid is prevalent
(C16:0) 62.7%. Essential fatty acids namely a-linolenic
(C18:3w3, 56 mg/kg) and linoleic (C18:2w6, 526 mg/kg)
are of scientific interest. Total sterol content was 0.04%,
5 substances were identified of which vitamin E (of up to
40%) is prevalent. Essential oil content in the raw materi-
als was 0.04%, 14 substances were detected, 12 of them
were identified; triterpenoid squalene with content of up
to 32% is prevalent. The results obtained allow assuming
presence of antimicrobial, antioxidant action of the raw
materials under study.
Key words: chromatography-mass-spectrometry, |.
pseudacorus f. alba, rhizomes, fatty acids, sterols, es-
sential oil, component composition.

INTRODUCTION
Development of research in the field of raw materials
study in order to obtain new effective and safe herbal
medicines is a relevant objective of the pharmacy. Wide
variety of wild species is an inexhaustible source for
bringing of the most precious ones under cultivation.

Iris genus (Iris L.) belongs to Iridaceae family and in-
cludes about 200 species distributed over the Northern
hemisphere [1,2]. In the territory of Ukraine 16 species
grow [3]. Currently thousands of scientists-introducers
are executing even more works on extension of cultivat-
ed iris range [1,3-4]. Irises are of a special interest for
plant breeders due to their rich potential as ornamental
plants since the species of Iris genus take one of the first
places in the world among floricultural crops according to
number of plant varieties.

|. pseudacorus f. alba (Laevigata Iris) is a variety of
Yellow iris with white flower [5] but its form is already wide-
ly used in the floriculture. Habitat of |. pseudacorus f. al-
ba is the Eastern Europe, the Northern Africa, China, the
South-West Asia. Characteristic feature of the specie
is sharply exerting primary rib of the leaf. Colour of the
leaves vary from dull green to intense glaucous (due to
abundant wax bloom). Yellow iris is easy to keep when

planting; it is easily reproduced by autumn seeding. Cul-
tivated forms (variety) can easily reproduced by portions
of rhizomes bearing buds [3-4]. For efficient raw materials
use it is necessary to have data on the component com-
position, therefore |. pseudacorus f. alba was selected for
study as a new source of bioactive substances (BAS).

The objective of the present paper was determination
of component composition of essential oil, fatty acids and
sterols of rhizomes with roots of

I. pseudacorus f. alba by chromatography-mass
spectrometry method.

MATERIALS AND STUDY METHODS
The subject of the study was rhizomes with root of Iris
pseudacorus f. alba (Fig. 1) prepared in May, 2014 in N.
N. Gryshko National Botanical Garden of the National
Academy of Sciences of Ukraine, Kiev (Ukraine).

Figure 1 — View of growing plant and underground organs
of Iris pseudacorus f. alba

Analysis of methyl esters of fatty acids, sterols as well
as component composition of essential oil of rhizomes with
roots of Iris pseudacorus f. alba was conducted by meth-
od of chromatography-mass-spectrometry 5973N/6890N
MSD/DS Agilent Technologies (USA) [6].

Analysis of methyl esters of fatty acids. Internal stan-
dard (solution of 50.0 ug of tridecane in hexane) and 1.0
ml of methylating agent (14% of BCI3 in methanol, Su-
pelco 3-3033) were added to weighted amount of the raw
materials (50.0 mg) contained in a 2.0 ml vial. This mix-
ture was kept in a hermetically closed vial for 8 hours at

65°C. Reaction mixture was decanted for plant material »
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remnants elimination and diluted with 1.0 ml of distilled
water. Methyl esters were extracted with 0.2 ml of dichlo-
romethane, carefully shacked up several times within an
hour then the extract obtained was chromatographed [7].

Analysis of sterols. Weighted amount of the raw ma-
terials (50.0 mg) was put into a 2.0 ml vial, then internal
standard (solution of 50.0 ug of tridecane) and 0.6 ml
of solvent medium (dichloromethane) were added. The
sample was kept for 2 — 3 hours at temperature of 50°C
within a day. The extract was poured to a 2.0 ml vial
and concentrated by means of blowing-off (100.0 ml/min)
with especially pure nitrogen to residual extract volume
of 10.0 pl and then chromatographed [7].

Analysis of components of essential oil. Essential oil
was obtained by means of hydrodistillation allowing its
extraction from the plant material in case of essential oil
content in traces; analysis conditions are provided in the
previously published paper [4].

Chromatographic conditions. Introduction of the sam-
ple (2.0 pl) into a chromatographic column was execut-
ed according to a splitless mode, that is without stream
splitting. Sample introduction speed is 1.2 ml/min with-
in 0.2 minute. Chromatographic column is capillary DB-5
(30 mx250 umx0.50 ym). Mobile phase: helium, gas flow
rate is 1.2 ml/min. Temperature of the sample introduc-
tion heater is 250° C. Temperature of the temperature-
controlled chamber is programmable from 50 to 320°C
with the rate of 4 degree/min. For component identifi-
cation data from the mass-spectra libraries NIST05 and
WILEY 2007 with total number of spectra of more than
470,000 were used combined with identification pro-
grams AMDIS and NIST. Substance content was calcu-
lated in relation to internal standard [6]. Relative com-
ponent content was defined in per cent from their total
amount. Statistical analysis of the results was conducted
in accordance with the requirements of the State Phar-
macopeia of Ukraine, the 1st issue, supplement 1, p. 5.3
in Exel XS application [9].

RESULTS AND DISCUSSION

The main function of the rhizomes is nutrient storing. Fatty
acids and such their derivatives as mono- and polyhydric
alcohol esters with fatty acids, steroids, terpenes, and vita-
mins are included into plant lipids as storage compounds.
Lipids play important role in the biosynthesis of plants and
biological activity of plants can be of different nature de-
pending on their component compositions.

Analysis of fatty acid composition of the rhizomes
with roots of Iris pseudacorus f. alba showed presence
of 6 acids (Table, Fig. 2) and their total content of 0.2%.
Content of saturated fatty acids is 68.8% that significant-
ly exceeds content of unsaturated ones that is 31.2%.
Palmitic acid (C16:0) in the amount of 62.7% is prevalent
among the saturated ones. It is known that palmitic acid
takes part in the synthesis of prostaglandins and stabili-
zation of cellular membranes [10]. Unsaturated fatty ac-
ids are presented with w3, w6 and w9 acids — linolenic
acid (C18:3w3) of up to 3%, linoleic acid (C18:2w6) of

up to 27%, oleic acid (C18:1w9) of up to 2%. Such poly-
enoic acids as linoleic and a-linolenic are not synthe-
tized in the organism and should be obtained from the
food due to the fact that they belong to essential ones
and are necessary element of the cellular membrane for-
mation process.

Total content of sterols in the raw materials of Iris
pseudacorus f. alba was 0.04%. All in all 12 substanc-
es were detected of which 5 were identified (Table, Fig-
ure 3). Amount of non-identified substances was 17.7%.
Vitamin E (tocopherol) is of the highest content of up to
40% as well as triterpenoid squalene of up to 21%. Ste-
rols have anti-inflammatory action and take part in the
metabolism of phosphatides and also have physiologi-
cal significance as the carriers of steroid group similar to
steroid hormones and act as inhibitors of radical oxida-
tion. Tocopherol has significant antioxidant action and is
able to connect free radicals, regulates normal develop-
ment and function of reproductive glands [11].

Content of essential oil in the air-dry raw materials is
0.04%. Component content varies from 0.1 to 32%. Ana-
lysing the obtained results of the component composition
of essential oil of rhizomes with roots of Iris pseudacorus
f. alba 14 substances were detected, 12 of them were
identified (Table, Fig. 4). Triterpenoid squalene show-
ing immunomodulatory action with content of up to 32%
is prevalent among the components identified (and dur-
ing sterol analysis, as well). Such aromatic compounds
as phenylacetaldehyde, 2-methoxy-4-vinylphenol in the
amount of up to 2% were detected in the composition of
essential oil. Among the components related to mono-
terpene and sesquiterpene hydrocarbons terpinen-4-ol
(7.0%) accumulates in the maximum amount, content of
a-terpineol (2.3%), germacrene D (1.0%), geranyl ace-
tate (0.4%) is lower. Essential oils presented with terpe-
noid and aromatic compounds have antimicrobial, anti-
oxidant and calming action [12].

When analysing components of essential oil another 3
fatty acids were detected: capric (C10:0, up to 30%), lau-
ric (C12:0, up to 10%) and myristic (C14:0, 5.2%) acids.
Capric and lauric acids were not detected during analysis
of fatty acids. Thus, complex study of the raw materials al-
lowed identifying as much as possible substances in rhi-
zomes with roots of Iris pseudacorus f. alba.

CONCLUSIONS

Qualitative and quantitative analysis of the components
of essential oil, fatty acids and sterols of rhizomes with
roots of cultivated specie of Iris pseudacorus f. alba by
method of chromatography-mass spectrometry was con-
ducted for the first time. 8 fatty acids, vitamin E (tocoph-
erol), 4 phytosterols, 2 aromatic compounds, 4 substanc-
es of terpenoid and sesquiterpene nature, 2 alkanes
were identified in the raw materials.

Phytochemical studies conducted show perspective
of the further study of cultivated forms of iris namely Iris
pseudacorus f. alba also as a source of bioactive sub-
stances.



Table — Biologically active substances of rhizomes with
roots of Iris pseudacorus f. alba
Substances Content Substances Content

identified mgkg | % identified mglkg | %
Fatty acids in- Essential oil includ-
cluding: 1977.2 | 100 ing: 394.28 | 100 e
myristic (C14:0) 52.2 2.6 | phenylacetaldehyde 4.30 1.1
palmitic (C16:0) | 1239.3 | 62.7 |- 357 | 0.9
stearic (C18:0) 67.9 3.4 |terpinen-4-ol 28.03 | 71
oleic (C18:1w9) 35.7 1.8 | a-terpineol 8.87 2.3
linoleic
(C18:2006) 525.8 | 26.6 |— 8.86 | 2.3 .
linolenic 2-methoxy-4-vinyl-
(C18:3003) 56.3 | 2.9 phenol 559 | 1.5
Sterols including: | 404.6 | 100 | capric acid (C10:0) | 116.80 | 29.6 Figure 2 — General view of chromatogram of essential oil
squalene 82.4 | 20.4 |geranyl acetate 143 | 04 of rhizomes with roots
squalene-epoxide | 66.7 | 16.5 | germacrene D 375 | 1.0 Y-axis relative intensity, CU is plotted

ursa-?,12-diene 5.7 1.4 | lauric acid (C12:0) 38.78 9.8

stigmast-3,5-di- 16.2 4.0 myristinic acid 20.67 59 . TY"' I HHEM E

ene (C14:0) O.A. MUXAUNEHKO, B.H. KOBAJIIEB, C.B. KOBAIEB,
‘c’gf)’;‘;rr‘o'f_) (-1 4619 | 40.0 | pentacosane 495 |13 hapmayeemuka fbibiMAapbIHbIH kKaHOudambl,

5 of non-identi- ecimMOikmaHy kaghedpachiHbIH KOMEKLWICI; chapmayesmuka
o) Semalls .7 17.7 | squalene 124.84 | 31.7

FblbIMOapbiHbIH OOKMOPbI, hapmMaKo2HO3Us
nonacosane 2384 | 5.8 KaghedpachIHbIH Npogheccopsl; hapmalesmuxa
Note: “-” means that the substance was not identified. FblbIMAAPBIHBIH AOKMOPbI, HYmMpUYUMOo2Usi oHe
hapmauyesmukarnbsiK 6pomamorioausi kagpedpachiHbIH

e npogheccopbl, ¥mmbiK hapmauesmukaribiK
p—( yHusepcumem, XapbKos K., YkpauHa
— I. PSEUDACORUS F. ALBA
— T TAMbIPJIAPbI KOCbINTFAH
— TAMbIPCABAKTAH XXACAJFAH
pu, BUONOINANbIK BEJICEHII
— 3ATTAPFA XPOMATO-MACC-

CNEKTPOMETPUANDbIK 3EPTTEY

Retention time, min Ohmp Maribl, Mannbl KpilKbingap xaHe |. pseudacorus
f. Alba MaaeHM anbInNKnsaK TaMmblpnapbl KOCbISFaH TaMblp-
of rhizomes with roots of Iris pseudacorus f. alba. On the cabaK KOMMOHEHTTIK KYpaMbiHa XpOMATO-MACC-CneKTpo-
X-axis retention time, min is pFI)otted; on the Y-axis relative MeTpMHnb'Kvep"C”eH anratl per ?ePTT?y Kypriginai. Lnki-
intensity, CU is plotted 3aTTa 8 Mannbl KbllLKbIN TEHeCTipingi, 62,7% — nanbmu-
TuH (C16:0) 6acbimaplk kepceTTi. a-nuHoneHai (C18:3w3,
56 mr/kr) xaHe nuHonai (C18:2w6, 526 mr/kr) acceHuman-

: [i Manbl KbILWKbINAApP FbINbIMUA KbI3bIFYLUbINbLIKTbI TYFbI3-

1 abl. KypambiHgarb! xannel ctepon 0,04% kypaabl, E (8o

: 40%) oepymeHi bacbimablk KepceTKeH 5 3aT TeHecTipinai.
-mc-: An, wukizattarbl acdoup maw 0,04% Kypaabl, 14 3aT aHbIK-

:
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Figure 2 — General view of chromatogram of fatty acids

Tanblin, oHbIH 12 TeHecTipingi, 6acbiMabikTbl 32%-Fa oen-
iHr TpUTEepneHomna ckeaneH kepceTTi. AnblHFaH HoTWXe-
nep 3epTTeNreH LWKKI3aTTbiH MUKPOOKa KapcChbl, aHTMOKCU-
[aHTTbl acepiH 6omkamaangbl.

. TyniH ce3aep: XxpomaTo-Macc-CnekTpoMeTpus, Ta- LQ
Mblpcabak, |. pseudacorus f. alba, Mannbl KbllwKbinaap, g
ctepongap, adup mMawbl, KOMMNOHEHTTIK Kypam. o
Figure 2 — General view of chromatogram of sterols of rhi- %
zomes with roots of Iris pseudacorus f. alba. On the X-ax- PE3IOME S
is retention time, min is plotted; on the Y-axis relative in- 0.A. MUXAUNEHKO, B.H. KOBAJEB, C.B. KOBANEB,
tensity, CU is plotted. KaHOudam chapmauyesmuyeckux Hayk, accucmeHm
of Iris pseudacorus f. alba. On the X-axis retention kaghedpbl 6omaHuku; G0KmMop ghapmayesmuyecKux
time, min is plotted; on the Hayk, npogheccop kaghedpbl chapmakozHo3UU; DOKMOpP
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hapmayesmuyeCcuKx HayK,
npogheccop kaghedpbl Hympuyuonoauu
u gpapmauesmuyeckol 6pomamornoauu,
HauyuoHarnbHbIl ¢hapmayesmuyeckull
yHusepcumem, 2. Xapbkos, YkpauHa

XPOMATO-MACC-
CMNEKTPOMETPUYECKOE
M3YYEHUE BUOJTOTMYECKHU
AKTUBHbIX BELWLECTB
KOPHEBUWLL C KOPHAMM 1.
PSEUDACORUS F. ALBA

MeTtogom XpoMaTo-Macc-CnekTpoMeTpunn BnepBbie Npo-
BeQeHO nccrnegoBaHne KOMMOHEHTHOIO cocTtaBa 3(bV|p-
HOro macna, >XMpPHbIX KNCINOT N CTepOosioB KOpHeBUL C

References:

KOPHAMW KynbTypHOro npuca l. pseudacorus f. alba. B
Cblpbe MOEHTUMULMPOBAHO 8 XMPHbBIX KACMOT, AOMUHU-
pyeT nanbMmutuHoBas (C16:0) — 62,7 %. Hay4Hbln nH-
Tepec NpeacTaBnsioT 3CCeHUMarnbHble XUPHbIE KUCMNO-
Tbl — a-nuHoneHoBas (C18:3w3, 56 mr/kr) u nnHoneeas
(C18:2w6, 526 mr/kr). ObLLee coaepxaHne CTePOSOB Co-
ctaBuno 0.04%, naeHTMpuunpoBaHo 5 BeLLeCTB, U3 KO-
Topbix BuTamuH E (oo 40%) gomuHupyet. CogepxaHue
adupHoro macna B cbipbe coctaeuno 0,04%, 6bino BbI-
saBneHo 14 BellecTs, N3 H1UX 12 naeHTMdULMPoBaHo; A4o-
MUHMpPYET TputepneHona cksaneH — Ao 32%. MNonyyeH-
Hble pe3ynbTaTbl 4al0T BO3MOXHOCTb NPeAnonoXuTb Ha-
nnyne aHTUMUKPOBHOro, aHTMOKCUAAHTHOMO OEeNCTBUS Y
uccregyemoro Cbipbs.

KnioueBble cnoBa: XxpoMaTo-Macc-CneKkTpoMeTpus,
KopHeBuwa, |. pseudacorus f. alba, >xupHble kucnotol,
CTeporbl, achupHOe Macrno, KOMNOHEHTHbIV COCTaB.
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