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Summary: the methodologies of rhizomes with roots elecampane standardization were developed through the identification
and quantification of hydroxycinnamic acids. To identify the raw materials it was proposed to establish the presence of
four hydroxycinnamic acids zones, including chlorogenic and chicoric in TLC profile. The results of hydroxycinnamic acids
content determination for industrial and wild samples of raw materials are in the range of 1.10-1.35 %. The developed
methodologies allow distinguishing two types of materials — elecampane rhizome and roots and chicory roots, which have

a high content of inulin and are similar in crushed condition.
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Introduction. The elecampane rhizomes and roots
are an officinal medicinal plant raw material (MP), which
belongs to a group of medicines that stimulate expecto-
ration with indication in the instruction for use — for up-
per respiratory tract and lungs diseases (bronchitis, tra-
cheitis, catarrh of the upper respiratory tract); diseases
of the gastrointestinal tract (gastritis, enterocolitis, lack
of appetite, poor digestion). According to the literature
about the analysis and standardization of elecampane
rhizomes and roots, this usage is associated with high
content of inulin and other fruitosans [1-7]. Numerous
studies indicate other kinds of activities of MP and its
various extracts—antidiabetic, antioxidant, bacteriostatic,
antifungal [8—11], which is associated with the content of
polyphenolic compounds, flavonoids, hydroxycinnamic
acids. Considering insufficient level of elecampane rhi-
zomes and roots standardization — absence of a mono-
graph in State Pharmacopoeia of Ukraine and leading
world pharmacopoeias, it is time to revise quality criteria
for this raw material.

Therefore, the object of this study was to develop a
methodology of elecampane rhizomes and roots stan-
dardization for the hydroxycinnamic acids content.

Materials and methods. Research of the quality and
quantity content of hydroxycinnamic acids was carried
out on three industrial series of MP (JSC “Liktravy” Zhy-
tomyr, Ukraine, samples 1-3 correspond to the series
20315, 30915, 10116) and three growing wild samples
of MP (samples 4—6 , collected in Ternopil region).

The methods of thin layer chromatography (TLC) and
absorption spectrophotometry in the UV and visible re-
gion of the spectrum were used in this work. Chromato-
graphic plates Silica gel 60 F,, (‘Merck”, Germany),
chromatographic chamber “CAMAG”, an instrument for

spotting Linomat 5 (‘CAMAG”, Switzerland), a lamp for
observing chromatograms in ultraviolet light “CAMAG”
were used for investigations by TLC method.

The study of the quality content of hydroxycinnamic
acids was carried out in methanol extracts of raw ma-
terials. The study was conducted using mobile phases:
formic acid — water — ethyl acetate (6: 9, 90) and anhy-
drous formic acid — water — ethyl acetate (10:10:80). The
chromatograms observation was performed in ultravio-
let light with a wave-length of 365 nm after their sequen-
tial processing with 10 g/l solution of diphenylboric acid
aminoethyl ester and 50 g/l solution of macrogol 400 in
methanol.

Standard samples of hydroxycinnamic acids: chloro-
genic acid (Fluka), caffeic acid (Fluka), rosmarinic acid
(Fluka), chicoric acid (pharmacopoeia standard sample
(SPU CRYS)), ferulic acid (Sigma); flavonoids: rutin and
hyperoside (SPU CRS) were used for identification. Ex-
act masses of standard samples were dissolved in ap-
propriate volumes of methanol.

Quantitative determination of hydroxycinnamic acids
was defined by absorption spectrophotometry in the UV
and visible region of the spectrum, using Carry-50 spec-
trophotometer (Varian, USA).

Reagents of cleanliness qualification were used (ethyl
acetate, formic acid, water, diphenylboric acid aminoeth-
yl ester, macrogol 400) that meets the requirements of
SPU for appropriate methods of analysis, reagent solu-
tions were prepared according to SPU methodologies.

Results and discussion. On the chromatogram of
methanol extract of the elecampane roots four intensive
zones appear, the colour of fluorescence of which in-
dicates that the corresponding to them substances be-
long to the hydroxycinnamic acids. In particular, on the

ISSN 2312-0967. ®apManeBTUYHMI yacomuc. 2016. Ne 2

26



chromatogram of the test solution a very intense zone
with blue fluorescence and intense with greenish-blue
fluorescence appear that are at chlorogenic and chicoric
acids levels respectively on the chromatogram of refer-
ence solution. The two other zones with intense green-
ish-blue fluorescence are detected in the chromatogram
of test solutions between chlorogenic and chicoric acids
zones. Weak zones of blue fluorescence in the bottom
of the chromatogram, located below the zone of chlo-
rogenic acid and near the starting line were observed
additionally besides the already described.

The samples of raw materials have been generally
similar in the composition of hydroxycinnamic acids —
the number, position, colour and relative intensity of fluo-
rescence (within one sample) of hydroxycinnamic acids
zones are similar for all samples, in particular, for some
elecampane samples, and are presented in Figure 1.
The chromatogram of the fifth sample of raw materials
was slightly different and contained an additional intense
zone of blue fluorescence at the bottom of the chromato-
gram.

Additionally, the chromatography of methanol extract
of chicory roots, which are the similar to the biological-

AHaJ1i3 JikapChbKUX IpenapariB
Analysis of drugs

ly active substances composition of elecampane raw
materials, has been done. In chicory roots chlorogenic
and chicoric acids in significant quantities, caffeic acid
are identified. Between chlorogenic and chicoric acids
zones there is a zone with weak fluorescence. On the
chromatogram of the test solution for all elecampane
samples in this area there are two intense zones that are
located nearby. Thus, the proposed chromatographic
conditions to identify elecampane raw materials allow to
establish its identity and distinguish it from chicory roots.

According to the authors [10] in ethyl acetate extract
of elecampane roots chlorogenic, caffeic, dicaffeoylqui-
nic, 3-feruloyl-4-caffeoyl-quinic acids were identified,
and their content was relatively high. According to the
Polish authors [11] in 70 % methanol-water extract of
elecampane callus culture chlorogenic and neochlo-
rogenic acids (0.1%), 1.5— and 3.5-di-O-caffeoylquinic
acids (0.3 %) were identified; in total, sixteen acid deriv-
atives of caffeic acid, including four dicaffeoyl aldarates
(0.085 %), three tricaffeoyl aldarates (0.608 %) and tetra-
caffeoyl aldarate (0.077 %) were identified. The results
of chlorogenic acid identification in the studied samples
of raw materials correlate with data [10, 11]. The com-

i | 2 ] 3 | 4

| 5 [ 6 [ 7 | 8 [ 9

Fig. 1. The chromatogram in conditions of hydroxycinnamic acids identification, obtained after sequential processing by
solutions of aminoethyl ester of diphenylboric acid and macrogol 400, when viewing in UV light at 365 nm wavelength.
Tracks: 1-4 — test solutions for elecampane samples 1, 2, 5 and 6; 5 — reference solution (rutin, chlorogenic acid,
hyperoside, caffeic acid — a bottom-up); 6 — reference solution of rosmarinic acid; 7 — reference solution of ferulic acid,;
8 — reference solution of chicoric acid; 9 — test solution of chicory roots.
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position in local elecampane samples of chicoric acid
(dicaffeoyltartaric acid) correlates with the authors’ data
[11] as for the presence of dicaffeoyl aldarates.

Thus, based on the results of chromatographic re-
searches, taking into account the literature data on the
hydroxycinnamic acids composition [1, 5, 10, 11] and
biological activity of aqueous-alcoholic extracts of this
MP [8] and hydroxycinnamic acids, such as [12-15] it
was proposed to identify these substances during the
standardization of rhizomes with roots elecampane raw
materials.

The methodology of hydroxycinnamic acids iden-
tification in elecampane rhizomes with roots.

Test solution. Place 1.0 g of the powdered raw ma-
terial into a 50 ml flask and add 25 ml of methanol. The
solution is being refluxed on a water-bath for 45 min-
utes. Then it is cooled and filtered.

Reference solution. 2.5 mg of the standard samples
of chlorogenic, chicoric and caffeic acids is dissolved in
10 ml of methanol.

Plate: TLC silica gel plate.

Mobile phase: formic acid — water — ethyl acetate
(10:10:80 V/V).

Application: 30 pL of the test solution and 5 pL of the
reference solution, as 10 mm bands.

Drying: in air.

Distance that a mobile phase should pass: 12 cm.

Drying: at the temperature of 100—-105° C for 10 min-
utes in the drying cabinet.

Detection: the hot plate is sprayed with a 10 g/l di-
phenylboric acid aminoethyl ester methanol solution,
dried in air and then sprayed by 50 g/l solution of mac-
rogol 400 in methanol; then it is dried in air for about
30 min and examined in ultraviolet light at 365 nm of
wavelength.

Results: on the reference solution chromatogram
a fluorescent blue zone corresponding to chlorogenic
acid, a greenish-blue fluorescent zone of chicoric acid
and a blue fluorescent zone corresponding caffeic acid
should be identified (in order of retardation factor (R)
increasing).

On the test solution chromatogram two fluorescent
zones should be detected - at chlorogenic (most in-
tense) and chicoric acid levels on the reference solution
chromatogram, corresponding them by color and fluo-
rescence as well as two intense zones of greenish-blue
fluorescence between chlorogenic and chicoric acids
zones. See below the sequence of zones, present in
chromatograms obtained for the reference solution and
the test solution (fig. 2). Furthermore, others weak zones
may be present in the chromatogram of the test solution.

In electronic absorption spectra of water-alcohol ex-
tracts of different series elecampane rhizomes and roots
the characteristic for hydroxycinnamic acids absorbance
curve with maximum at a wavelength of 325 + 2 nm was
observed. In particular, the electronic absorption spectra
of 1, 2 and 4 elecampane samples in conditions of the
hydroxycinnamic acids study are presented in Figure 3.

Top of the plate

Caffeic acid: blue fluorescent zone

zone

Chicoric acid: greenish-blue fluorescent

Chlorogenic acid: blue fluorescent zone

greenish-blue fluorescent zone
(intense)

greenish-blue fluorescent zone
greenish-blue fluorescent zone

blue fluorescent zone (the most
intense)

Reference solution

Test solution

Fig. 2. TLC scheme of chromatogram in conditions of elecampane hydroxycinnamic acids identification.
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It should be mentioned that the electronic absorption
spectrum appearance for the elecampane rhizomes
and roots (Fig. 3) and chicory roots (Fig. 4) are different.
This fact may be another additional identification marker
when establishing identity of the studied raw materials.

The nature of the spectrum, in particular the presence
of clear absorption maximum at 325 nm wavelength,
gives for hydroxycinnamic acid determination by direct
measurement of absorption in the maximum followed by
calculation of content by using specific absorption index.
Chlorogenic acid was chosen as the standard for calcu-
lating the amount of hydroxycinnamic acids content, de-
spite the fact that it is present in elecampane rhizomes
with roots both according to the literature data and to the
results of the chromatographic research of industrial and
growing wild raw samples.

In developing the methodology of quantitative deter-
mination of the hydroxycinnamic acids amount it was
found that in order to ensure the fullness of their ex-
traction ethanol should be used as extractant (50 % V
I'V).

The methodology of quantitative determination of
hydroxycinnamic acids amount in elecampane rhi-
zomes with roots.

Stock solution. To 1 g (exact sample) of the pow-
dered sample 60 ml of ethanol (50 % V / V) is added.
The solution is being refluxed on a water—bath for 45
min. It is cooled and filtered into a 100 mL volumetric

0.7
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Fig. 3. The electronic absorption spectra of the test
solution of elecampane rhizomes and roots extracts
(curves 1-3 correspond to 1, 2 and 4 samples of raw
materials, ethanol (50% V/V)).
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flask. The extraction is repeated twice, using 20 and 15
ml of ethanol (50 % V / V) R, refluxing on a water bath
for 15 minutes each time. It is cooled and filtered into the
same volumetric flask. The filter and the flask are rinsed
with ethanol (50 % V/V), combining the filtrate and the
rinsing solutions and making the volume of the solution
up to 100.0 ml with ethanol (50 % V/V).

Test solution. 2.0 ml of stock solution is made up to
25.0 ml with ethanol (50 % V/V).

Compensation solution. Ethanol (50 % V/V).

The optical density of the test solution at 325 nm is
measured relatively to the compensation solution.

The hydroxycinnamic acids amount (X, %) expressed
as a chlorogenic acid, is calculated according to the for-
mula:

_ 25-A-100-100
2-E-m-(100—-W)

where A — absorbance of the test solution;

m — mass of sample in g;

W — content of wet, in %;

E — specific absorption index of chlorogenic acid at
325 nm (E = 531).

The investigated samples of elecampane rhizomes
with roots were analyzed with the help of this methodol-
ogy, the results are presented in the table.

As can be seen from these results, the investigated
samples contain the hydroxycinnamic acid in an amount
of slightly more than one percent. These data are gen-
erally lower than reported by the authors [6] — 2 %. The
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Fig. 4. The electronic absorption spectrum of the chicory
roots extracts (ethanol (50 % V / V)).
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Table. The results of determination of the hydroxycinnamic acids amount in elecampane rhizomes with roots

Content of hydroxycinnamic acids (%), expressed as a chlorogenic

Sample acid and dry raw material
Series 20315, JSC "Liktravy" 1.10£0.02
Series 30915, JSC "Liktravy" 1.23+0.03
Series 10116, JSC "Liktravy" 1.30+£0.02
Growing wild, Ternopil region, Zbarazh 1.24 +0.03
Growing wild, Ternopil region, Berezhany 1.35+0.02
Growing wild, Ternopil region, Podvolochisk 1.20 £ 0.02

difference in the content can be explained from different
perspectives - the results of hydroxycinnamic acids deter-
mination of wild raw growing in central regions of Ukraine
are shown in the work [6], but the extractant used, the
conditions of sample preparation and method of final de-
termination are not listed. The total content of hydroxycin-
namic acids defined in local raw material is comparable
to the content of hydroxycinnamic acids and their deriva-
tives, obtained in elecampane callus culture [11].

Conclusions. As a result of the development of stan-
dardisation methodology of elecampane rhizomes and
roots additional indicators of their quality — the identifi-
cation and quantification of hydroxycinnamic acids are
proposed.

1. It was proposed to identify the investigated raw
material comparing TLC profiles of elecampane meth-
anol extract and standard substances solution. Chloro-
genic and chicoric acids were selected as identification
markers. In the test solution chromatogram two intense
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PO3POBKA METOAVKN CTAHAAPTU3ALLII KOPEHEBMULL, | KOPEHIB OMAHY (INULA HELENIUM L.)
3A BMICTOM rNgPOKCUKOPUNYHUX KNCNOT

J1. B. BpoHcbKal, A. €. Jemngl, M. A. ExxHepg?

LBH3 «TepHonisibcbkuli depxxasHull MeouqHul yHisepcumem imeHi I. 5. lopbadescbko2o MO3 YkpaiHu» *
B/JH3 «BykosuHcbKull 0epxasHuUli MeoduyHuUl yHisepcumems» ?

Pe3tome: po3po6/eHO METOAMKM CTaHAapTM3auii KOpeHeBULL 3 KOPEHsAMW OMaHy BMCOKOIO LUASIXOM igeHTudpikauii i
KINIbKICHOTO BU3HAYEHHS TiAPOKCUKOPUYHMX KUCNOT. 4 igeHTudikauii cupoBmHM 6yno 3anpornoHOBaHO BCTAHOB/IOBATU
HasBHICTb YOTMPbLOX 30H TiAPOKCUKOPUYHUX KWUC/IOT, Cepes, SsKMX X/I0poreHosa i Lukopiesa, y TLUX-npodini. Pesynstatu
BM3HaYEHHA BMICTY rijpOKCUKOPUYHUX KUCOT A/19 MPOMUCIOBUX i AMKOPOCNX 3pa3KiB CUPOBUHN 3HAXOAATLCSA B IHTEpBaUTi
1,10-1,35 %. Po3pobneHi MeToAMKN [O3BONSAIOTb PO3PI3HATY [jBa BULM CUPOBUHU, SKi XapaKkTepr3yoTbCA BUCOKAM BMICTOM
iHYNiHY 7 € CXOXUMUW Y NOAPIGHEHOMY CTaHi — KOPEHEBULLA | KOPEHI OMaHy BMCOKOTO i KOPEHI LMKOpIto.

KntouoBi cnosa: Inula helenium, kopeHi i KopeHeBuLLa, TAPOKCUKOPUYHI KMCOTK, X/IOPOreHoBa KUC/oTa, LIMKopieBa
KMcnota, ctaH4apTm3auis.

PA3PABOTKA METOAUKU CTAHAAPTU3ALMN KOPHEBWLL, 1 KOPHE AEBACUNA (INULA
HELENIUM L.) MO COAEP>XXAHUIO TMAPOKCUKOPUYHBIX KUCNOT

J. B. BpoHcka?l, A. E. Jemng?l, M. A. 9xHep?

'BY3 «TepHomnosibckuli 20cydapcmBeHHbIl MeduyuHCKUl yHusepcumem umeHu Y. S. Flopbayesckozo
M3 YkpauHbi»?
BIry3 «bykosuHckuli 20cy0apcmBeHHbIU MEOUYUHCKUU yHUBepcUmem»?

Pestome: paspaboTaHbl METOAVKN CTaHAapPTU3aLMN KOPHEBULL, C KOPHAMU [eBAcKuia BbICOKOTO NyTeM maeHTudukauum
N KOMMYECTBEHHOTO ONpefeneHns TMAPOKCUKOPUYHBIX KUCNOT. [ANA uAaeHTUduKaumMm cbipbs 6bl10  NPeaoXeHo
ycTaHaB/MBaTb Ha/IMume YeTbIpeX 30H M’MAPOKCUKOPUYHBIX KUC/IOT, CPefy KOTOPbIX X/10poreHoBas v umMkopuesas, B TCX-
npodpune. Pe3ynstartbl onpefeneHns CoaepXaHusa rMapOKCUKOPUYHBIX KUCMOT A/19 MPOMBILLIEHHbIX U AUKOPACTYLLMX
06pasLoB Cbipbs HaxoaaTca B uHTepBasie 1,10-1,35 %. Pa3paboTaHHble METOAMKU MO3BOMSAKT pas/vuaTb ABa Buaa
CbIpbSl, KOTOPbIE XapakTePU3YHTCA BbICOKMM COAEPXKAHNEM UHY/TMHA 1 NMOXO0XM B U3MESIbBYEHHOM COCTOSAHUN — KOPHEBULLA
N KOPHU AEBSCUIA BbICOKOTO U KOPHU LIMKOPUS.

KnioueBble cnoBa: inula helenium, KOpHU U KOPHEBWLLA, FMAPOKCUKOPUYHBLIE KUC/OThl, X/I0POrEHOBAs KMCMOTA,
LIMKOpWEBas KAC/OTa, CTaHAapTH3aLus.
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