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Abstract: Liquid column chromatography, planar chromatography (TLC) on modified and unmodified silica
layers, reversed-phase high-pressure liquid chromatography (HPLC), as well as ESI-TOF MS and 'H-NMR
have been used for separation, purification and identification of phenolic acids in the barks of Sambucus nigra
and Viburnum opulus (Caprifoliaceae). By the use of these procedures three cinnamic acid derivatives: caffeic
acid, p-coumaric, and ferulic acid, four benzoic acid derivatives: gallic acid, protocatechuic acid, syringic acid,
3,4,5-trimethoxybenzoic acid, two phenylacetic acid derivatives: 3,4-dihydroxyphenylacetic acid, homogentisic
acid, and two depsides: chlorogenic acid and ellagic acid were detected and identified in the bark of Viburnum
opulus. Caffeic acid, p-coumaric acid, ferulic acid, gallic acid, syringic acid, 3,4,5-trimethoxybenzoic acid and
chlorogenic acid were also detected and identified in the bark of Sambucus nigra. Except for chlorogenic acid,
this is the first time these phenolic acids have been isolated, detected, and identified in the bark of V. opulus and

S. nigra.
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Plants containing phenolic acids are widely
used in phytotherapy. These compounds have varied
pharmacological activity, e.g. anti-inflammatory
(1), cholagogue (2), antioxidant (3), antibacterial
(4), and antivirus efficacy (5). Some research
showed also their immunostimulating and anti-
cancerogenic properties (6). Phenolic acids inside
the plant perform defensive functions against patho-
genic agents (7).

Sambucus nigra and Viburnum opulus are two
species from Caprifoliaceae family, widely dis-
tributed in Poland. However, their belongings to
the same botanical family is strongly discussed
nowadays because of many differences also in the
field of phytochemistry (8). Previous chemical
investigations of this plants were concentrated on
the following chemical groups: flavonoids, cyano-
gene glycosides, terpenes, lectins in different parts
of S. nigra (9) and iridoides, triterpens, condensed
tannins in V. opulus (10-12). Anthocyanes were
examined many times in the fruits of both species.
Investigation of phenolic acids in the bark of this
plants has not yet been performed. In this work the
presence of phenolic acids in the bark of
Sambucus nigra and Viburnum opulus were inves-
tigated by liquid column chromatography, MGD-
TLC and RP-HPLC as well as ESI-TOF MS and
'H-NMR.
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EXPERIMENTAL

Plant material

Viburnum opulus bark was from “Kawon-
Hurt” Nowak Sp.j., Krajewice, Poland. Sambucus
nigra bark was collected in October 2005 from three
years plant grown in the Medicinal Plants Garden at
the Wroclaw Medical University.

Chromatography
TLC chromatography

TLC glass plates coated with 0.25 mm layers
of silica gel Si 60F,s, (10 x 20 cm, Merck, Darm-
stadt, Germany) were used. Samples of extracts of
the analyzed plants and standard solutions were
spotted and developed with mobile phases: S,
ethyl acetate - formic acid - glacial acetic acid -
water (100:11:11:26, v/v/v/v), S, = benzene - ethyl
acetate - formic acid (80:20:10, v/v/v).

MGD-TLC was performed with HPTLC
Si60F,s, (0.20 mm, 10 x 20 cm, Merck, Darmstadt,
Germany) with four-step solvent gradient described
in Table 1 and HPTLC NH, glass plates (0.20 mm,
10 X 20 cm, Merck, Darmstadt, Germany) with two-
step solvent gradient described in Table 2.
Chromatograms were developed in a horizontal
Teflon DS chamber (Chromdes, Lublin, Poland) and
plates were dried between developments.



378

% Intensity
N W A
o O ©o

104

a o
o o

SEBASTIAN TUREK and WOJCIECH CISOWSKI

180.0406 227.2115 255.2388 9789321

(4761.7

0
122.0

174.8 2276 280.4 333.2
Mass (m/z)

Figure 1. ESI-TOF MS spectra of caffeic acid.
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Figure 2. Amounts of phenolic acids FPA + BH, as mean percentage of total phenolic acids found, in the bark of Viburnum opulus (2A)
and Sambucus nigra (2B).1) caffeic acid; 2) gallic acid; 3) protocatechuic acid; 4) ellagic acid; 5) 3,4-dihydroxyphenylacetic acid; 6)
homogentisic acid,; 7) syringic acid; 8) p-coumaric acid; 9) ferulic acid; 10) 3,4,5-trimethoxybenzoic acid; 11) 4-hydroxybenzoic acid
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Table 1. Four step solvent gradient for HPTLC Si60 of phenolic acids.
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Eluent % (v/v)
Step Diisopropyl Formic Volume Distance
number Cyclohexane ether acid [mL] [mm]
1 - 80 20 1 20
2. 20 78 5 90
3. 20 78 2 5 90
4 20 79 5 90
Table 2. Two step solvent gradient for HPTLC NH, of phenolic acids.
Eluent % (v/v)
Step Volume Distance
number Acetone Glacial acetic acid [mL] [mm]
. 85 15 5 90
2. 90 10 5 90

Preparative TLC was performed with glass
plates coated with 0.5 cm layers of silica gel
Kieselgel 60-F,s,, DC-Fertigplatten (20 x 20 cm,
Merck), mobile phase S, = benzene - ethyl acetate -
formic acid (80:20:10, v/v/v). Developed chro-
matograms of phenolic acids were analyzed under
UV light (A = 254, 366 nm), before and after expo-
sure to ammonia vapors. Besides, all chro-
matograms were analyzed after spraying with 2%
FeCl; in water-methanol solution.

Column chromatography

Glass columns packed with polyamide SC-6 (5
X 35 cm, Roth), mobile phase S; = methanol - water
(1:1, v/v) and S, = methanol-water gradient (5:95 —
30:70, v/v). Final purification was performed on
Sephadex LH-20 (5 x 35 cm, Pharmacia, Sweden)
with methanol as a mobile phase and preparative
TLC.

High performance liquid chromatography (HPLC)

The HPLC system used was from Knauer
(Berlin, Germany) and composed of two pumps,
Model 64-00, and Model of 890, variable wave-
length UV-VIS detector, equipped with a 20 uL
sample loop, under computer control (Knauer
HPLC, Version 2.21). Phenolic acids were separat-
ed on a Supelcosil LC-18 (3 um) column (150 X 4.6
mm [.D.).

Solvents were of HPLC grade (acetonitrile -
Merck, formic acid - Sigma Aldrich). Redistilled
water was used. Phenolic acids were separated by
gradient elution using mobile phases: A: acetonitrile
- formic acid (98.5:1.5, v/v), B: water - formic acid

Table 3. Negative ions (M-1) values of phenolic acid isolated from
Sambucus nigra and Viburnum opulus bark.

Phenolic acid M-1
Caffeic 179.0426
Gallic 169.0201
Homogentisic 167.0593
Protocatechuic 153.1012
Ellagic 301.0143
Chlorogenic 353.2931
Syringic 197.0207
Ferulic 193.0058
4-Hydroxybenzoic 138.0712

(98,5:1,5, v/v). A step gradient was as follows: 0-2
min. (10% of A isocratic), 2-20 min. (10-15% of A
linear gradient), 20-35 min. (15-35% of A linear
gradient), 35-37 min. (35-90% of A linear gradient)
and 37-40 min. (90% of A isocratic). Elution was
carried out at room temperature with a flow rate of
1,0 mL/min and UV detection at 280 nm.

All standards of phenolic acids were purchased
from Extrasynthese, Koch-Light Laboratoires,
Laboratory BDH Reagent, and Fluka.

Extraction and isolation.

Dried and finely powdered plant material (500
g) was extracted with petroleum ether on a water
bath for 6 h to remove lipid constituents. TLC analy-
sis showed that these extracts contained no phenolic
acids. After draining and drying, the plant material
was extracted with 70% methanol for 12 h on a
water bath. The crude extracts were concentrated
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Table 4. TLC analysis of phenolic acids isolated from bark of V. opulus and S. nigra.

R;(x100) values in solvent system Spot color
C‘r’gp’ Phenolic acids © HPTLC NH, HPTLCSi60 | o UV 254mm
MGD-TLC MGD-TLC
I Caffeic 68 81 50 br ybr
II Gallic 24 36.6 41 dbr dbr
III Homogentisic 42 59.4 44 y pl
v Protocatechuic 48 74 56.7 ybr pl
\4 Ellagic 14 9.4 0 dbr dbr
VI Chlorogenic 16 5.8 4.4 br br
VII Syringic 49 95.3 422 y v
VIII, IX Ferulic 80 92 54.4 dy bv
X, XI 4-Hydroxybenzoic 72 93 67 y d

Explanations: d — dark, y — yellow, br — brown, v — violet, pl — plum

under reduced pressure at 40°C and cooled under
refrigeration for 12 h. After that, 36% HCIl was
added until pH = 2 was reached, then the solutions
were heated for 2 h on a water bath and finally
cooled. The precipitate, which appeared after that
time, was filtered off and the aqueous solutions were
successively re-extracted with diethyl ether (5 x 250
mL) and ethyl acetate (5 X 250 mL). Extracts were
then concentrated to dryness and combined to give
22 g (V. opulus) and 17 g (S. nigra) of sirupy mass-
es. They were applied on prepared polyamide col-
umn and eluted with S; mobile phase to separate
phenolic compounds from other plant metabolites.
Fractions rich in phenolic acids were then applied on
other polyamide column and compounds were sepa-
rated with gradient solvent system S,. Final separa-
tions for some acids were achieved by column chro-
matography on Sephadex LH-20 with methanol as a
mobile phase and preparative TLC with S,. From the
bark of V. opulus 8 pure phenolic acid were obtained
(I =112 mg, I - 14 mg, III - 10 mg, IV — 21 mg,
V-8 mg, VI-92 mg, VII - 61 mg). From the bark
of S. nigra 3 pure phenolic acids were obtained
(VIII - 30 mg, IX — 7 mg, X — 20 mg). Acids
obtained in this way were crystallized from absolute
methanol and identified by ESI-TOF MS and NMR.
An example of MS spectra for caffeic acid is depict-
ed in Figure 1. Negative ions (M-1) values of isolat-
ed phenolic acids are presented in Table 3.

Release of phenolic acids by alkaline and acid
hydrolysis

The procedure used here was described else-
where (13). Briefly: 10 g of each bark were extract-
ed with petroleum ether and then 70% methanol as
described in the extraction and isolation part. These

aqueous extracts were then divided into two equal
parts.

Part I of each extract was acidified by 36% HCl
and extracted with diethyl ether (5 X 25 mL), the
extract was evaporated do dryness under reduced
pressure and dissolved in methanol (5 mL) followed
by TLC and HPLC analysis. This fraction, denoted
FPA, contained free phenolic acids. The water
wastes were subjected to enzymatic hydrolysis by
treatment with  [B-glucosidase  (Koch-Light,
Colnbrook, Bucks, UK; 30 mg) at pH = 4,5 adjusted
by addition of 2 M NaOH for 10 h on a water bath
at 37°C. The enzyme was then inactivated by heat-
ing on a hot water bath at 100°C for 30min. After fil-
tration the solution was acidified to pH =2 by addi-
tion of 36% HCI and the hydrolysates were extract-
ed with diethyl ether (5 X 25 mL) followed by evap-
oratation to dryness and finally the residues were
dissolved in methanol (5 mL). This fraction, denot-
ed EH, contained free phenolic acids liberated by
enzyme hydrolysis. Part II was hydrolyzed under
alkaline conditions with NaBH, (1 g) and NaOH (2
M) at pH = 12 on a water bath. The pH was then
adjusted to 2 with 36% HCI and the solution was
extracted under reduced pressure and dissolved in
methanol. This fraction, denoted FPA + BH, con-
tained free acids and acids liberated by alkaline
hydrolysis. Fractions with FPA + BH and EH were
also examined by TLC and HPLC.

Identification

The pure isolated compounds were identified
by negative ESI-TOF MS (Hewlett-Packard) and ' H-
NMR analysis (Bruker MSL 300 MHz in d,-DMSO;
chemical shifts quoted relative to TMS as internal
standard). Melting points were determined on a
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Boetius apparatus. The results were in agreement
with the literature data for phenolic acids (14, 15).

RESULTS AND DISCUSSION

The phenolic acid complex was analyzed in
dried barks of S. nigra and V. opulus. Methanolic
extacts of these barks after acid hydrolysis,
methanol evaporation and re-extraction to ethyl
acetate and diethyl ether were applied to series of
solid phases for column chromatography. The chro-
matography on polyamide enabled primary purifica-
tion which was continued by column chromatogra-
phy on Sephadex LH-20 and preparative TLC.
Finally, the isolated compounds were crystallized
from absolute methanol and analyzed by ESI-TOF
MS and 'H-NMR spectroscopy. The obtained data
were compared with those from literature for pheno-
lic acids (14, 15). On the basis of these data, as well
as melting points and TLC R; value compared with
pure standard, compounds were identified as I = caf-
feic acid, II = gallic acid, III - homogentisic acid,
IV = protocatechuic acid, V= ellagic acid, VI =
chlorogenic acid, VII = syringic acid, VIII was
identical with I (caffeic acid), IX was identical with
VI (chlorogenic acid), X = ferulic acid, XI = 4-
hydroxybenzoic acid. To our best knowledge, only
chlorogenic acid was previously detected in the bark
of both species. Other acids described in this paper
were isolated for the first time from those barks.

Free phenolic acids and those liberated after
enzymatic and alkaline hydrolysis were also exam-
ined. Qualitative analysis was performed by TLC
and HPTLC of samples and standards by one-step as
well as multiple development. On the basis of those
analyses chlorogenic acid was detected as free acid
in Viburnum opulus bark. In the bark of Sambucus
nigra, chlorogenic and caffeic acids were predomi-
nant in the free acid fraction. After alkaline hydrol-
ysis a lot of acids were detected for both barks
belonging to hydroxybenzoic as well as hydroxycin-
namic acids family. R; values of those phenolic
acids on modified and unmodified silica gel for dif-
ferent solvents are presented in Table 4.

Quantitative analysis of free acids and those
liberated after enzymatic and alkaline hydrolysis
was performed by HPLC. HPLC for a complex of
standard phenolic acids revealed the presence of 12
compounds, in both free and bonded forms in the
bark of V. opulus and S. nigra. Chlorogenic acid was
present in all free phenolic acids fractions (FPA).
The bark of S. nigra contained also ferulic, 3,4,5-
trimethoxybenzoic and the trace of p-coumaric acid
in the free form. Caffeic, gallic, syringic, p-coumar-

ic, ferulic and 4-hydroxybenzoic acids were present
in all free and liberated after alkaline hydrolysis
fractions (FPA + BH). The bark of V. opulus was
richer in acids because it contained also protocate-
chuic, ellagic, 3,4-dihydroxyphenylacetic and
homogentisic acids in the esters form. After enzy-
matic hydrolysis, caffeic acid was found in all frac-
tions (EH). The bark of V. opulus contained also gal-
lic acid and protocatechuic acid and the bark of S.
nigra contained syringic, ferulic and the trace of p-
coumaric acids in those fractions.

Concentration of acids calculated from peak
areas and properties of the regression equation
obtained from the standard calibration plots are
given in Table 5. Each sample was determined four
times. It was found that the calibration plots for all
the phenolic acids were of the type y = ax + b, where
y is the peak area (mm x AU), x is the concentration
of the phenolic acid standard, b is the intercept of the
plot on the y-axis, and a is its slope.

Figure 2 A and 2 B show the relative amounts
of individual phenolic acids analyzed by HPLC in
the materials studied. The predominant phenolic
acid in the bark of V. opulus and S. nigra is caffeic
acid (44,21% and 46,76%, respectively).

CONCLUSIONS

As a result of the research, 11 phenolic acids
were for the first time isolated from S. nigra and V.
opulus bark. 8 acids were isolated from the plants in
the form of amorphous residues and then identified
with the use of various chromatographic and spec-
troscopic techniques. 2 acids were identified on the
basis of HPLC analysis. Chlorogenic acid was also
isolated from both barks, but that compound was
previously described in those barks. In both exam-
ined cases, caffeic acid was predominant in the
bonded form. Esters and glycosides of caffeic acid
are of significant importance (16, 17). The results of
this research brings us a bit closer to better under-
standing of metabolomic aspects of Viburnum opu-
lus and Sambucus nigra chemistry.
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