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ABSTRACT

Qualitative and quantitative analysis of phenolic acids present as free and liberated from their conjunction with
sugars and alcohols after hydrolysis in Salsola kali L was done, together with comparison of their content in roots
and herb. Analysis was conducted by 2D-TLC and HPLC methods. Eleven phenolic acids were identified such as:
protocatechuic, caffeic, gentisic, p-coumaric, p-hydroxybenzoic, p-hydroxyphenylacetic, syryngic, vanillic, feru-
lic, a- and B-resorcylic. Differences in composition of fraction of free phenolic acids and those liberated after hy-
drolysis were noticed. The amount of individual compounds were in the range between 0.10£0.04 mg/100 g of
dry weight for p-OH-benzoic acid and 6.40+1.75 mg/100 g of dry weight for ferulic acid.
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INTRODUCTION

Salsola kali L. from Chenopodiaceae family (known as
Russian thistle) is a halophytic plant occurring in Eurasia
on sandy area. The name of the genus derived from the La-
tin — sallere means to salt, in reference to the salt tolerance
plants (Reimann et al. 1995; Idzikowska 2005).

Members of this genus are found in most arid places of
the world, along sea beaches, in grassland and desert com-
munities. It easy vegetates on dry soil and is resistant to pH
fluctuation and aggressive climate. All this caused that Sal-
sola kali L. is cultivated in desert areas like Saudi Arabia,
Kuwait, United Arab Emirates to prevent erosion of soils.
In Poland the plant is characteristic for The Baltic seaside
and it has been considered as a rare genus existing on the
beaches, at the foot of dunes. Salsola kali L. can appear al-
so inland under the rivers on sandy, saline soil (Bardziej
1972). In Polish flora Salsola kali L. is a representative of
a rare group of plants, which are pulling out and spread by
the wind on areas which are lack of arborescent plants. The
dried plant can easily detach and become a tumbleweed.
Seeds, held in the leaf axils, fall to the ground. One plant
produces about 250 000 seeds, which remain viable for
less than a year (Young 1991). The seeds are eaten by at
least eight species of granivorous birds. Russian-thistle is
palatable to sheep and cattle from early spring until flowe-
ring, at which time sharp spines form, and again during
winter when spines are softened by moisture (US Depart-

ment 1937). In spring it provides fair nutrition for livestock
and wildlife. The nutritional value of winter forage, after
the plant has dried, is higher. It is a good source of vitamin
A and phosphorus (Cook et al. 1954).

Salsola kali L. is an annual, pubescent plant. It is highly
branched and rounded in form, growing from 0.3-1 m in
height and from 0.3-1.5 m in diameter. Leaves are linear-
subulate, acuminate. Hermaphrodite flowers have 2 con-
spicuous, ovate-triangular bracteoles with long spine-like
apex, longer than the flowers. The small, winged seeds, re-
tained in the leaf axils until after plant death and contain
no endosperm tissue. The root system consists of a taproot
and extensive lateral roots. Under crowded conditions, ro-
ots are shallow (Hitchcock and Cronquist 1964; Tutin
1968; Allen 1982).

Herb of Salsola kali L. contains small amount of isochi-
nolin alkaloids: salsolin and salsolidin (0.2%) and a lot of
mineral salts (about 22.6%, especially potassium, calcium,
manganese, aluminium, iron) (Hegnauer 1964). Salsolin
and salsolidin are effective in clinical treatment of hyperto-
nia, posses sleep-inducing activity and tonifier on nervous
system. One dose of salsolin (0.03 g orally or 0.01 g sub-
cutaneous) cause decreasing of blood pressure about 10-25
mmHg for 20-30 minutes (Borkowski and Wrocinski
1959). Some fatty acids like linolenic, oleinic, arachidonic,
palmitinic and stearinic were identified together with 4-de-
smethylsterols derivatives (Salt and Adler 1985). TLC ana-
lysis has shown the occurrence of triacetonamine and beta-



198 PHENOLIC ACIDS IN HERB AND ROOTS OF SALSOLA KALI L.

ine (Karawya et al. 1971), also isorhamnetin 3-o-glucoside,
3-o-rutinosied, kempferol, quercetin and rhamnetin were
identified (Tomas et al. 1985; Hegnauer 1989). Russian
thistle as a plant rich in sodium was an important source of
soda ash until the early 19th century as the alkali materials
are essential to making glass, soap, and many other com-
modites (Tim 2006). The inhalation of Salsola kali L. po-
llen is an important cause of allergic respiratory symptoms
in the West and Central states of the USA, in North Africa
and in Mediterranean and some Arabic countries (Colas et
al. 2005), but subcutaneous administration of a Salsola
extract is safe and well tolerated (Grade et al. 2005).

Salsola richteri L. — another plant from Salsola genus, is
an endemit component of semi-stabilized and fixed sand
dunes in central Asia. Salsolin and salsolidin isolated from
fruits and flowers of S. richteri L. are used as drugs in Rus-
sia (as a hydrochloride) for treatment of high blood pressu-
re and headache. Because in Poland fruits and flowers of S.
richteri L. are hard to reach, there are trials for its replace-
ment with herb of S. kali.

Salsola was found to be an allelopathically active spe-
cies, which decreases the growth of some selected associa-
ted species during its decaying process. Salsola is autoto-
xic, but its germination is not inhibited by any of the isola-
ted phytotoxins applied. Some phenolic acids like caffeic,
ferulic, chlorogenic, isochlorogenic, and neochlorogenic
were identified among phytotoxins identified from Salsola
kali L. leaves (Lodhi 1979). Phenolic acids are also very
interesting from botanical and pharmacological points of
view. First of all they can be implicated as an important re-
gulatory molecule in plant defense. As accumulated in lea-
ves and steams they protect plants by absorbing UV radia-
tion, also protect them against pathogen infection, stimula-
te germination and growth (Dixon and Paiva 1995; Kopce-
wicz and Lewak 1998). From pharmacological and thera-
peutic points of view, the antioxidant properties of pheno-
lic acids, such as free-radical scavenging and inhibition of
lipid peroxidation, are the most crucial (Marimuthu et al.
2008). Radical scavenging activity of phenolic acids de-
pends on the number and position of hydroxyl (-OH) and
methoxy (-OCH3) substituents in the molecules. It has be-
en also found that the derivatives of cinnamic acids are
more active antioxidants than the derivatives of benzoic
acid (Rice-Evans et al. 1996; Cai et al. 2006).

The aim of our study was qualitative and quantitative
analysis of phenolic acids present as free and liberated
from their conjunction with sugars and alcohols after hy-
drolysis. As far as we know preliminary examination of le-
aves let to identification of five phenolic acids (Lodhi
1979), so further experiments concerning qualitative and
quantitative calculation of the content of that group of
compounds seems to be very important.

MATERIAL AND METHODS

Plant material

Herb and roots of Salsola kali L. were collected from na-
tural site in J6zeféw near Bitgoraj (Poland) in 2006. It was
dried and fragmented according to the standards accepted
by Polish Pharmacopoea. Samples of plant material are de-
posited in the Department of Pharmaceutical Botany, Me-
dical University in Lublin.
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Extraction and isolation

Dried and crushed plant material (220 g of herb and 18 g of
roots) was extracted three times with 500 ml of the mixture
of methanol and water (8:2). Obtained extract was concen-
trated under reduce pressure and residue was diluted with
hot water, cooled and placed in a refrigerator for 24 hours.
After that time the participate was filtered off. Free pheno-
lic acids fractions (A) were obtained according to Ibrahim
and Towers (1960) and Krzaczek (1984). The filtrate was
extracted with petroleum ether followed by diethyl ether.
The combined etheric extract were dried with anhydrous
sodium sulphate and evaporated.

The water fraction which has left was subjective to acid
and alkaline hydrolysis in order to liberate acids presented
as glycosides and esters respectively. Hydrolysis were per-
formed according to Schmidtlein and Herrmann (1975).
Fraction of phenolic acids liberated from their conjunction
with sugars and alcohols were obtained (B).

Thin-layer chromatography

Two-dimensional chromatography was carried out accor-
ding to Smolarz and Waksmundzka-Hajnos method (1993).
TLC chromatography was performed on 100x100x0.1 mm
plastic cellulose plates (E. Merck, Darmstadt, Germany)
with application of DS horizontal chambers.

Before development, the plates were conditioned in the
chambers for 5 min in the vapors above benzene — metha-
nol — acetic acid (94:1:5 v/v/v) and then developed in the
first direction benzene — methanol — acetic acid — acetoni-
trile (80:10:5:5 v/v) and sodium formate — formic acid —
water (10:1:200 w/v/v) in the second direction. After deve-
lopment in the first direction the eluent was completely
evaporated by drying in air. Derivatisation was performed
by spraying with 2% aqueous solution of ferric chloride
(FeCl,), diazotized sulfanilic acid (dSA) in 20% sodium
carbonate solution and diazotized p-nitroaniline (pNA) for
phenolic acids (Smolarz and Waksmundzka-Hajnos 1993).

HPLC analysis

HPLC experiments were carried out using Agilent HP
1100 chromatogram with Diode Array Detector, coupled
with an auto-sampler and a column thermostat. A stainless
column (250x4.6 mm) packed with 5 pm Hypersil BDS
C,s (Shandon, UK) was used. The mobile phase were ace-
tonitrile (B) and water with 1% acetic acid (A) in a stepwi-
se gradient as follow: O min — 10% B in A, 10 min — 10%
B in A, 15 min — 20% B in A, 30 min — 30% B in A, 35
min — 100% B in A 40 min — 100% B in A. The sample in-
jection volume was 10 pL, the flow rate was 1 mL/min.
The experiments were carried out at 25°C. The identifica-
tion was performed by comparing retention times and UV
spectra with those analysed under the same conditions for
appropriate standards. The quantitative determination was
performed in A=254, 280 and 320 nm (Skalicka-WoZniak
and Glowniak, 2008). Analyses were repeated three times
and the SD (standard deviation) and RSD value (the per-
centage of relative standard deviation) were calculated.

RESULTS AND DISCUSSION

Fractions of free phenolic acids and those liberated from
their conjunction with sugars and alcohols after acid and
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TABLE 1. The occurrence of phenolic acids in herb and roots of Salsola
kali L.

Herb Roots
No Phenolic acids

A B A B

1 protocatechuic + + - +
(3,4-dihydroxybenzoic)

2 caffeic (trans + cis) + + - +
(3,4-dihydroxycinnamic)

3 gentisic - + - +

(2,5-dioxybenzoic)
4 p-coumaric + + + +
(4-hydroxycinnamic)
5 p-OH-benzoic + + + +
(4-hydroxybenzoic)
6 p-OH-phenylacetic - + - +
(benzeneacetic)
7 syryngic + + - +
(4-hydroxy-3,5-dimethoxybenzoic)
8 vanillic + + + +
(4-hydroxy-3-methoxybenzoic)
9 ferulic (trans + cis) + + + +
(4-hydroxy-3-methoxycinnamic)

10 a-resorcylic + + - +
(3,5-dihydroxybenzoic)

11 B-resorcylic - + - +

(2,4-dihydroxybenzoic)

alkaline hydrolysis from herb and roots of Salsola kali L.
were analysed. Qualitative 2D-TLC and HPLC analysis
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Fig. 1. The 2D-TLC chromatogram of phenolic acids from Salsola kali L.
The numbers of spots refer to compounds listed in Table 1. The cis iso-
mers are marked with an apostrophe.

was done. Results obtained after TLC analysis are presen-
ted in Table 1 and Figure 1. Figure 2 presents HPLC chro-
matograms of phenolic acids liberated after hydrolysis
from roots of Salsola kali L.

Eleven phenolic acids were identified: protocatechuic,
caffeic, gentisic, p-coumaric, p-hydroxybenzoic, p-hydro-
xyphenylacetic, syryngic, vanillic, ferulic, o.- and B-resor-
cylic. All of them were found in herb and roots as liberated
after hydrolysis. Gentisic, p-hydroxyphenylacetic and [-re-
sorcylic acids were present only as glycosides or esters and
cannot be identified as free in Salsola kali L. Additionally
protocatechuic, caffeic, syryngic and o-resorcylic acids
were not detected in corresponding fraction from roots.
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Fig. 2. HPLC chromatogram of phenolic acids liberated after acid and alkaline hydrolysis from roots of Salsola kali L. The numbers of spots refer to com-

pounds listed in Table 1.
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TABLE 2. The content of major phenolic acids in Salsola kali L. (c=mg/100 g) together with SD and RSD values. Each value is from three replicate ana-
lyses. (SD standard deviation, RSD relative standard deviation, ND not detected).

protocatechuic p-OH-benzoic p-coumaric ferulic vanillic
c 0.17 0.25 0.55 0.82 0.84
S. kali herba A SD 0.02 0.05 0.02 0.09 0.08
RSD 11.76 20.00 3.27 10.98 9.52
c 0.10 0.11 0.11 0.26
S. kali root A SD ND 0.04 0.02 0.03 0.05
RSD 36.00 18.18 27.27 19.23
c 0.75 0.86 0.65 6.40 1.20
S. kali root B SD 0.11 0.16 0.19 1.75 0.12
RSD 14.67 18.14 29.23 27.34 10.00
c 0.28 0.26 1.85 5.46 1.10
S. kali herba B SD 0.01 0.04 0.31 0.21 0.01
RSD 3.57 15.38 16.76 3.85 1.18
O S kaliherbA M S kalirootsA [ S kaliroots B B3 S. kaliherb B that obtained after liberation of acids from roots. Analogo-
— us fraction of free acids possesses lower concentration of

mg/100 g of dry weight
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Fig. 3. The content of phenolic acids in Salsola kali L.

Accurate identification was performed on the basis of
2D-TLC method. HPLC method let for identification of
only five phenolic acids such as protocatechuic, p-hydro-
xybenzoic, p-coumaric, ferulic and vanillic. Further analy-
sis was not possible because of the lack of sufficient amo-
unt of standards.

In order to get to know the amount of each compounds
HPLC quantitative experiments were performed. The cali-
bration curves for all the standards were linear (R? =
0.9991-0.9999) in a concentration range 0.01-2.00 mg/10
ml. The SD value was in the range of 0.01-1.75 and RSD
value as between 1.18-29.23. The amounts of phenolic
acids detected in the analysed samples are shown in Table
2 and visualized on Figure 3.

The presence of ferulic and caffeic acid reported before
was confirmed (Lodhi 1979). Ferulic and p-coumaric acids
were identified in alcoholic extract from whole plant of
Salsola collina (Xiang et al. 2007). In our experiment pre-
sence of ferulic, caffeic and p-coumaric acids was confir-
med in herb and roots of Salsola kali and additionally nine
more were identified together with their quantitative calcu-
lation.

It is easily seen that the content of phenolic acids in frac-
tions liberated from their conjunction with sugars and alco-
hols after hydrolysis is much higher than in corresponding
fractions containing free acids. The richest fraction was

every calculated compound. The amount of individual
compounds are ranged between 0.10£0.04 mg/100 g for p-
-OH-benzoic acid and 6.40£1.75 mg/100 g of dry weight
for ferulic acid.

Ferulic acid is the most abundant among analysed com-
pounds. It is known for its strong anti-inflammatory, anti-
thrombosis, anti-cancer and antibacterial activity. It also
decreases the synthesis of cholesterol and level of lipids
and protects against coronary disease. Because of these
properties and its low toxicity, ferulic acid is now widely
used in the food and cosmetic industries (Ou and Kwok
2004). Ferulic acid and other identified in Salsola kali L.
are also known for its strong antioxidant activity. Further
experiments in this subject are very important and should
be conducted, especially because this kind activity was re-
ported for leaves and flowers collected in Tunisia (Ksouri
et al. 2008). Some very active phenolic compounds with
strong scavenging activity were isolated from Salsola foeti-
da from Pakistan (Khan et al. 2003).
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