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ABSTRACT. Phytochemical study of roots/stems of Symphytum asperum L epech. (prickly or rough
comfrey) wascarried out in order to define phenalic constituents. Firstly, grinded air-dried S. asperum
roots (SAR) and stems (SAS) wer e fore-extracted exhaustively in a Soxlet appar atuswith hexane and
chloroformin order to removelipids, pigmentsand other nonpolar compounds and afterwar dsthese
materialswer etreated with theaqueous mixtur esof different or ganic solvents. Eight analytical samples
wer eobtained. Ultrahigh-pressureliquid chromatogr aphy coupled with quadr upoletime-of-flight tandem
mass spectrometry (UHPL C-Q-TOF/M S) analysisof extractsof S. asperumroots/'stemswascarried out
that revealed the presence of low molecular weight compounds such ascaffeic, rosmarinic, chlorogenic
acids, salvianalic acid, B/lithosper mic acid B and several oligomeric compounds. Currently only the
brutto-for mulas of the oligomeric compoundsar e known and further investigationsarein progressin
order to determineexact chemical structuresof those. The obtained resultsrevealed that the comfrey
roots'stemscan beused asa sour cefor theisolation of low molecular weight biologically active compounds.
© 2016 Bull. Georg. Natl. Acad. Sci.
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Symphytum asperum Lepech. (prickly or rough
comfrey) belongs to the Boraginaceaefamily. Itisa
weed plant widespread in some regions of Asia, Eu-
rope, North Americaand Caucasus[1,2]. Previoudy,
analgesic, anti-inflammatory, astringent, expectorant,
antifungal and decongestant properties of comfrey
were reported [3-5]. In folk medicine, the comfrey
root has been used externally asatraditional medici-

nal plant (asointments, compress, or a cohol extracts)
for treating fractures, strains, thrombophlebitis and
hematomas, and internally (as tea, tinctures or
infusions) in treating gastrointestinal and respira-
tory tract diseases [6]. Preparations from the leaves
and stems were used for treating rheumatism and
gout, aswell [7]. Previous studies showed that these
beneficial properties of comfrey are the result of
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the presence of numerous hioactive compounds
[3,8]. It is known that comfrey contains allantoin,
amino acids, A, B and C vitamins, dllagic acid, auxin,
triterpenoids, tannins, rosmarinic acid, steroidal
saponins, inulin, pyrrolizidineakaloids[ 9-10].

Previoudly, theisolation of high-molecular (>1000
kDa) water-solubl efractionsfrom therootsand stems
of S asperum (SA) and S. caucasicum (SC) was re-
ported. Based on the IR and NM R spectroscopy data,
poly[3-(3,4 dihydroxyphenyl)glyceric acid] (PDPGA)
was confirmed to be the major component of these
fractions [11-13]. PDPGA-SA and PDPGA-SC exhibit
immunomodul atory (anticompl ementary), antioxidant
and antiinflammatory activities [14-15] and wound-
healing property [ 16]. PDPGA exerted anti-cancer ef-
ficacy in vitro and in vivo against androgen-depend-
ent and -independent human prostate cancer (PCA)
cells via targeting androgen receptor, cell cycle ar-
rest and apoptosiswithout any toxicity, together with
a strong decrease in prostate specific antigen (PSA)
level inplasma[17].

However, the biotransformation mechanism of
PDPGA isnot clear yet. It isobviousthat amolecule
of such asize and mass as PDPGA could not be pas-
sively absorbed from the gastrointestinal tract or in-
teract directly with cell membrane receptors. There-
fore, the observed biological effects are possibly
caused by much smaller size/mass fragments of the
PDPGA. Thus, the aim of the present study was to
identify such fragments in stems and roots of afore-
said plantsto clarify possibl e biosynthetic/metabolic
pathways for the polymer as well as low molecular
weight biologically active compounds.

The solid-liquid extraction technique was cho-
sen as the first step for isolation of the compounds
probably containing the fragments of PDPGA fol-
lowed by the investigation of the composition of the
extractsof S. asperumroots/'stemsusing UHPL C-Q-
TOF/M S method.

Materials and Methods

Initially, the fore-extraction was used that is neces-
sary in order to remove unwanted substances such
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as waxes, fats, terpenes, and chlorophylls. On the
basis of literary data, solid-liquid extraction is the
most commonly used procedure prior to the analysis
of polyphenolics and simple phenolics in plants.
Commonly used extraction solvents are: acohols
(methanol, ethanoal), acetone, diethyl ether, and ethyl
acetate. However, very polar phenolic acids could
not be extracted completely with pure organic sol-
vents and the mixtures of alcohol-water or acetone—
water arerecommended, therefore aforesaid mixtures
of solventswere applied for the extraction procedure
[18].

Theextractswere further fractionated by TLC and
CC and then analyzed using UHPLC-Q-TOF/MS for
determination of chemical content of comfrey extracts.

Sample Preparation

Grinded air-dried S. asperumroots (SAR) and stems
(SAS) were fore-extracted exhaustively in a Soxlet
apparatus with hexane and chloroform in order to
remove lipids, pigments and other nonpolar com-
pounds. Thefraction SAS1 from fore-extracted stems
was obtained by processing with 70% acetone. Pow-
dered fore-extracted rootswere treated with mixtures
of solvents, such as alcohol-water (50% MeOH) or
acetone—water (70% acetone) and the extracts SAR 2
and SAR 3 were obtained, respectively. Lastly, SAR
4 fraction was obtained by treatment of preliminary
macerated fore-extracted rootswith ethanol contain-
ing 2% HCI (v/v) with 50% MeOH.

Compounds (even trace amounts) wereidentified
using UV detection at 254 nm. TLC conditions:
silicagel GF 254 - stationary phase; BAW (buthanol/
acetic acid/water 4:6:2; v/viv) - mobile phase; FeCl,
(2% in ethanol) or H,SO, (20%in ethanol) - develop-
ers. All fractionswerefurther fractionated on Diaion
HP 20 using stepwise e ution gradient (10-70% MeOH
or EtOH) As aresult samples SAR 2dw, SAR 2dm,
SAR 3dw, SAR 3de, SAR 4dw, SAS 1dw and SAS
1dm were obtained. In addition, fraction SAR 4 was
further fractionated on Diaion HP 20 el uted by water
and the fraction SAR 3dm was eluted on Sephadex
LH-20 column by water and sample SAR 3dsw was
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Fig. 1. UHPLC-chromatograms of the 8 samples from roots/stems extracts of S. asperum are indicated by arrow marks.

prepared. Finaly, all eight water-soluble fractions
werefreeze-dried.

Apparatus

UV/VIS spectrophotometer (Mecasys Optizen Pop
UV /Vis Spectrophotometer) was used for the meas-
urement of absorbance at 286 nmwhich showed the
presence of phenolic compounds; Chromatographic
separations were performed using Agilent 1220 In-
finity UHPLC System with Agilent Zorbax SB-C18
analytical column (4.6 x 250 mm, 5mm) coupled with
diode array detector (DAD).

Chromatographic equipment and UHPLC-Q-
TOF conditions. A sensitive, accurate and specific
method coupling high-performance liquid chroma-
tography (HPLC) with diode array detector (DAD)
and electrospray ionization massspectrometry (MS)
was developed for the separation and identification
of extracts of S.asperum. The molecular masses of
the congtituents were assigned by electrospray ioni-
zation mass spectrometry. Chromatographic separa-
tions were performed on a Agilent Zorbax SB-C18
analytical column (4.6 x 250 mm, 5mm). The samples
on the column were eluted with agradient mixture of
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acetonitrile (solvent A) and 0.1% formic acid (sol-
vent B). The gradient program was as follows: 0 — 30
min, from8to 50%A. Theflow ratewasat 1 mL/min
with column temperature at 30eC. Injection volume
wasset at 1 uL.. Q-TOF/M S method was carried out
using nitrogen to assist nebulization ion mode, nega-
tive and positive; drying gas (N,) flow rate, 10.0 L/
min; drying gas temperature, 350 €C; nebulizer, 35
psig; sheath gas temperature, 300 €C; sheath gas flow,
11 L/min; capillary, 3500 V; skimmer, 65V; OCT 1 RF
Vpp, 250 V; fragmentor voltage, 120 V. All operations,
acquisition and data analysis were controlled by the
Agilent Masshunter Workstation Software Qualita-
tiveAnalysis, version B.01.03

Results and Discussion

All compounds were identified based on retention
times, UV-Vis absorption spectrum and mass spec-
tra by matching their molecular ions obtained by
ESI-MS/MS methods with theoretical molecular
weightsfromliterature data[19-21].

The results obtained show the presence of vari-
ous phenolic and non-phenolic compounds. The
chromatograms of the extractsfrom S. asperumroots/
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stems aregiveninFig. 1.Theidentified compounds
from these samplesare summarized in Table 1.

The UHPLC-Q-TOF/MS analysis of the samples
SAS 1dm, SAS 1dw obtained from S. asperumstems,
showed thefirst peak at retentiontime (R) of 8.20 min.
M S fragmentation of pseudomolecular ion [M-H]-in
the negative mode at 353 m/z showed ion frag-
ments at 191 (100 %), 179 (6%), 126 (0.4%) m/z that
indicated the presence of chlorogenic acid[19]. At the
sametimethesamples SAS 1dm, SAR 3dea so showed
another pesk at R of 10.50 min., withthe presented
pseudomolecular ion [M-H]" in the negative mode
a 179m/z and ion fragment at 135 (100%) m/z after
MS fragmentation, proved the existence of caffeic
acid[20]. Rosmarinic acid was identified inthesam-
plesSAS 1dm, SAR 3de, SAR 3dsw, SAR 4dw asthe
pek a R of 17.01 min. MS fragmentation of
pseudomolecular ion [M-H]-in the negative mode at
359 m/z and that of [M+Cl]- inthe positivemodeat 395
m/z showed threeion fragments at 161 (100%), 197
(21%) and 133 (3%) m/z [19]. The peak of the
chromatograms of the samples SAS 1dw, SAS 1dm,
SAR 3de, SAR 3dsw and SAR 4dw at R of 15.31 min
identified salvianolic acid B or lithospermic acid B.

OH

OH

OH

Caffeic acid

Lithospermic acid B/
Salvianolic acid B

Fig. 2. Structural formulas of the identified compounds in the extracts of
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HO,

HO

On the basis of MS fragmentation of the
pseudomolecular ion [M—-H]- in the negative mode at
717 m/z which showed fragments at 225 (100%) and
109 (80%) m/z, it can be concluded that savianolic
acid B or lithospermic acid B is presented in the
comfrey roots/stemsextracts. (Fig. 1.). Itisreported that
Salvianolic acid B and Lithogpermic acid B haveidenti-
cal structuresexcept for the configurational assgnments
of two stereocenters. Through chemical correlation be-
tween a degradation product of salviandlic acid B and
synthetic material, the absolute configuration of
salvianalic acid B has been corrected to establish that
salvianolic acid B and lithospermic acid B are one and
the samecompound [20-21] (Table1). Thestructuresof
identified compounds are shown in Fig.2.

Conclusion

Thus, caffeic, rosmarinic, chlorogenic, and salvianolic
acid B was detected in the comfrey root/stem 1dm,
1dw, 3de, 3dsw and 4dw extracts. On the other hand,
the study revealed the presence of several com-
pounds (oligomers and low-molecular weight ones)
in the samples 1dw, 1dm, 2dw, 3dw and 4dw. Since
currently only the brutto-formul as of the above men-

(o

OH
OH

OH

Rosmarinic acid

OH

OH
HOOC

: OH

OH !
OH

Chlorogenic acid

S.asperum roots/stems
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tioned compounds are known, further investigations ~ Acknowledegment
arein progressin order to determine exact chemical
structure of these compounds as well as to identify
fragments in stems and roots of aforesaid plants to
clarify possible biosynthetic/metabolic pathwaysfor
the polymer.
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from the State Key Laboratory of Natural Medicines
(ChinaPharmaceutical University, Ministry of Educa-
tion) for supervising UHPLC-Q-TOF/MSanalysis.
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