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ABSTRACT

Background and Aims: Scorzonera L. genus contains several medicinal and edible plants. Both roots and aerial parts of Scor-
zonera species are used. S. pygmaea is endemic to Turkey. In a previous study, nine phenolic compounds were reported from
the roots of the plant alongside certain biological activities. The current study was designed to investigate the aerial parts of
the plantin the same manner and compare the potentials of the two parts.

Methods: Chromatographic and spectroscopic methods were used to isolate and identify the phenolics. Total phenolic con-
tents were determined by Folin-Ciocalteu method. FRAP assay, anti-LPO, scavenging DPPH, ABTS and superoxide radicals
were employed to evaluate the antioxidant activity. COX inhibition test and micro broth dilution technique were used for anti-
inflammatory and antimicrobial activities, respectively.

Results: Seven phenolic compounds; thunberginol C (1), protocatechuic acid (2), chlorogenic acid methyl ester (3), cudrab-
ibenzyl A (4), scorzocreticin (5), scorzocreticoside | (6) and Il (7) were purified. All the compounds are new for the aerial
parts of the plant and 2 is new for the genus. The aerial parts showed a high antioxidant capacity which correlated with its
phenolic content. COX inhibitory activity was found to be lower compared to Indomethacin. Weak antimicrobial activity was
determined against Staphylococcus aureus and S. epidermidis.

Conclusion: Aerial parts possess significant/infrequent phenolics and the ethyl acetate (EtOAc) fraction of the ethanol ex-
tract is the most promising fraction for isolating these compounds. Phenolic compositions of aerial parts and roots are very
similar. However, aerial parts can be a better rich source of natural antioxidants with protocatechuic acid and higher antioxi-
dant potential.
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INTRODUCTION

There are about 160 Scorzonera (Asteraceae) species in the world. Turkey is currently host to 52 species and 31 of them are
endemic (Coskuncgelebi, Makbul, Gultepe, Okur, & GUlzel, 2015). Members of the genus are both medicinal and edible plants. S.
hispanica L., a related species, is used in several countries'cuisines and commonly known as black salsify or viper's grass. Although
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this species is cultivated as a vegetable in some regions of
Europe, Scorzonera species are rather considered as forgotten
vegetables in the world due to their disappearing culinary uses
over time. Many records show the traditional usage of Scorzo-
nera species for the treatment of gout, pain, rheumatism, inju-
ries, diabetes, diarrhoea, infertility, gastric disorders, pulmonary
oedema and hypertension (Baytop, 1999; Dalar, Mukemre,
Unal, & Ozgokce, 2018; Polat, 2019; Tsevegsuren et al, 2007).
There are several phytochemical investigations on the genus.
Previously, flavonoids (Acikara, Ergene Oz, Bakar, Saltan Citoglu,
& Nebioglu, 2017), bibenzyl derivatives (Zidorn, Ellmerer-Mdl-
ler, & Stuppner, 2000), benzyl phthalates (Sari, 2010), coumarins
(Harkati, Akkal, Bayat, Laouer, & Franca, 2010), dihydroisocou-
marins (Sari et al., 2007), phenolic acid derivatives (Sari, Sahin,
Ozsoy, & Ozbek Celik, 2019), lignans — neolignans (Bader, De
Tommasi, Cotugno, & Braca, 2011), sesquiterpenes (Yong Jin
Yang et al, 2016) and triterpenes (O. B. Acikara et al., 2012) were
determined in the genus.

With regard to black salsify or other Scorzonera species; roots
are more conceivable but it's known that the fresh leaves of
these plants are eaten as a vegetable in Turkey and some
other countries in Europe too (Baytop, 1999; Senkardes, Bulut,
Dogan, & Tuzlaci, 2019; Tsevegsuren et al, 2007). Even more
so, the aerial parts of the genus are used as ethnomedicines
against liver disorders, diabetes, headache, hypertension and
infertility (Dalar et al,, 2018; Singh & Lal, 2008). Scorzonera pyg-
maea Sibth. & Sm. is a perennial herb. It's endemic to West Ana-
tolia and measures only 1.5 - 11 cm in height as its name signi-
fies (Koyuncu, Yaylaci, & Kus, 2014). The roots of the plant were
investigated in another study and nine phenolic compounds
were reported along with certain biological activities (Sahin,
Sar, Ozsoy, Ozbek Celik, & Koyuncu, 2020). Thus, the aerial parts
of S. pygmaea were subjected to this study in terms of pheno-
lics and in-vitro bioactivity studies. Thereby, the evaluation of
the significance of the aerial parts and comparison between
potentials of the roots and aerial parts were aimed.

MATERIALS AND METHODS

Plant material

Flowered herba of S. pygmaea were collected from Eskisehir
in July 2015 and identified by O. Koyuncu (Associate Prof). A
voucher specimen was deposited with the ESK 18397 number
at Osmangazi University Herbarium (Eskisehir).

Extraction, isolation and structure elucidation

The aerial parts of S. pygmaea were air-dried by protecting di-
rect sunlight and powdered. 2 kg of this powder was extracted
using the maceration technique with ethanol. The macerate
was concentrated with a rotary evaporator at 45 °C. A meth-
anol/water (1:2) mixture was used to dissolve this macerate.
Then the macerate was successively extracted with petroleum
ether (yielded 46.8 g), chloroform (yielded 4.1 g), ethyl acetate
(yielded 9.8 g) and n-butanol (yielded 8.2 g) respectively. 9 g of
the ethyl acetate fraction was subjected to column chroma-
tography (CC) (CHCl;/MeOH 100:0, 98:2, 96:4, 94:6, 92:8, 88:12,
80:20, 70:30, 50:50, 0:100; silica gel) and 210 fractions (Fr) were
obtained. Fr 8-16 was purified by CC (MeOH; Sephadex LH-20)
and gave 47 further fractions (FFr). FFr 17-29 was subjected to
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preparative thin layer chromatography (TLC) (toluene/EtOAc/
HCOOH 7:4:1; silica gel) to afford 1 (7.1 mg). Fr 17-22 was pu-
rified by preparative TLC (toluene/EtOAc/HCOOH 5:4:1; silica
gel) and gave 2 (15.0 mq). Fr 36-38 was further separated by
preparative TLC (toluene/EtOAc/HCOOH 5:5:1; silica gel) to
provide 3 (7.0 mg). Fr 56-68 was subjected to CC (MeOH; Sep-
hadex LH-20) and gave 50 further fractions (FFr). FFr 27-43 was
purified with preparative TLC (CHCl;/MeOH 75:25; silica gel) to
afford pure compounds 4 (20 mg), 5 (20 mg) and 6 (10 mg). Fr
71-77 was purified by CC (MeOH; Sephadex LH-20) and gave
64 further fractions (FFr). FFr 10-15 was purified with prepara-
tive TLC (CHCl3/MeOH 70:20; silica gel) to yield pure 7 (8.3 mg).

Chemicals, solvents and instrumental details
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid
(Trolox), [-nicotinamide adenine dinucleotide reduced
(B-NADH), Nitroblue tetrazolium (NBT), 2,2"-Azino-bis(3-eth-
ylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
butylated hydroxytoluene (BHT), and rutin were obtained
from Fluka (Buchs, Switzerland). Phenazine methosulphate
(PMS), 2,2-diphenyl-1-picryl-hydrazyl (DPPH), soybean L-a-
phosphatidylcholine type IV-S, gallic acid and ascorbic acid
were obtained from Sigma- Aldrich (St. Louis, MO, USA). Other
chemicals were obtained from Merck (Darmstadt, Germany)
including 2,4,6-tripyridyl-s-triazine (TPTZ), trichloroacetic acid
(TCA), thiobarbituric acid (TBA) and ferric chloride. Remain-
ing reagents and solvents were analytical grade. Shimadzu
UV 1700 Pharmaspec UV-VIS, Bruker Avance Ill 500 MHz and
Thermo Finnigan LCQ Advantage MAX (ESI) were employed for
acquiring UV, NMR and ESI-MS spectrums.

Total phenolic content determination

A method using the Folin—Ciocalteu reagent was chosen
for determining the total phenolic contents of the fractions
(Slinkard & Singleton, 1977). Gallic acid equivalents were calcu-
lated (GAE/g fraction) for expressing the results.

Antioxidant activity assays

Five different methods were used to evaluate the antioxidant
potential of the fractions. Rutin was used as standard for all as-
says. The ECq, values are given where applicable. The scaveng-
ing activity of ABTS radical was expressed as both ECsy and Tro-
lox equivalent. The results are given as mM Trolox equivalents
(Re etal, 1999). The DPPH scavenging activities of the fractions
were measured by a procedure described by Brand-Williams et
al. (Brand-Williams, Cuvelier, & Berset, 1995). The nitroblue tet-
razolium reduction method was employed to evaluate the ef-
fect of the fractions on producing superoxide radicals (Nishiki-
mi, Rao, & Yagi, 1972). The determination of inhibitory activities
of the fractions on lipid peroxidation and the ferric reducing
antioxidant power assay (FRAP) were conducted according to
Duh et al. (Duh, Tu, & Yen, 1999) and Benzie and Strain (Benzie
& Strain, 1996) respectively. The results are given as mM Fe*%/L
and calculated with a standard curve of iron sulfate heptahy-
drate in FRAP assay.

Antimicrobial activity

The antimicrobial potentials of the fractions were evaluated
using the micro broth dilution technique (CLSI, 2000, 2006).
Escherichia coli ATCC 8739, Candida albicans ATCC 10231, Pro-
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teus mirabilis ATCC 14153, Staphylococcus aureus ATCC 6538,
Klebsiella pneumoniae ATCC 4352, Staphylococcus epidermidis
ATCC 12228, Enterococcus feacalis ATCC 29212 and Pseudomo-
nas aeruginosa ATCC 1539 were used for testing the activity.
All microorganisms were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA).

Anti-inflammatory activity

An enzyme immunoassay kit (Cayman 560131) was employed
for determination of COX inhibitory activity for the fractions.
The assay was conducted according to the kit's protocol.

Statistical analysis

The results are expressed as means of three replicates + stan-
dard deviation. GraphPad Prism version 7.00 was used to per-
form statistical comparisons with Student’s t-test (p < 0.05).

RESULTS AND DISCUSSION

Isolation studies conducted on ethyl acetate fraction of S.
pygmaea aerial parts yielded four dihydroisocoumarins [thun-
berginol C (1), scorzocreticin (5), scorzocreticoside | (6) and
scorzocreticoside Il (7)], two phenolic acid derivatives [proto-
catechuic acid (2), chlorogenic acid methyl ester (3)] and one
bibenzyl derivative [cudrabibenzyl A (4)] (Figure 1). Structure
elucidation of the compounds 1 (Toshikawa et al, 1992), 2
(Chang et al, 2009), 3 (Sari, 2012; Zhu, Dong, Wang, Peng, &
Luo, 2005), 4 (Nguyen, Juvik, @vstedal, & Fossen, 2014), 5, 6
and 7 (Paraschos, Magiatis, Kalpoutzakis, Harvala, & Skaltsounis,
2001) was achieved by interpreting their spectroscopic data
(UV, proton NMR, carbon NMR, HSQC, HMBC and ESI-MS) and
comparing them with the relevant literature.

All reported compounds are new for the aerial parts of S. pyg-
maea. The phytochemical composition of the subaerial and
aerial parts of the plant seems to be very similar in terms of
phenolic compounds (Sahin et al., 2020). Apart from protocat-
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echuic acid, the other compounds were previously identified
in the root extract of the plant. Protocatechuic acid, which
is shown to be a metabolite of some polyphenols and a sig-
nificant contributor to the alleged benefits of anthocyanins, is
very common in several food plants (Vitaglione et al,, 2007).
This study is the first report to show a Scorzonera species con-
taining protocatechuic acid. This compound might be consid-
ered as rare in the family Asteraceae due to its limited distribu-
tion with a few genera like Centaurea L. and Rhaponticum Hill
(Baykan-Erel, Bedir, Khan, & Karaalp, 2010; Kokoska & Janovska,
2009). A new compound (Cudrabibenzyl A) for the family As-
teraceae and another (Thunberginol C) new for the genus
Scorzonera are reported in this study excluding the report for
the roots of the same plant. Scorzocreticin and scorzocretico-
side Il were found in only S. cretica Willd. (an endemic of Crete
and South Aegean which is commonly used in meat dishes)
and S. pygmaea by now (Paraschos et al,, 2001; Sahin et al,
2020). However, scorzocreticoside | is a common compound in
S. cretica, T. porrifolius L. (white salsify) and S. pygmaea (Zidorn
etal, 2005). Phenolic acids, such as quinic acid, caffeic acid and
ferulic acid esters have a high incidence in the genus Scorzone-
ra. Chlorogenic acid methyl ester was previously isolated from
S.latifolia and S. veratrifolia Fenzl (Sari, 2010, 2012). These esters
comprise a large group of natural polyphenols in the human
diet which are counted in the phytochemicals responsible for
the beneficial effects of vegetables, fruits and beverages (Liang
& Kitts, 2016).

The total phenolic contents of ethyl acetate, chloroform and
n-butanol fractions obtained from the ethanol extract of the
S. pygmaea aerial parts were determined. Values are gallic acid
equivalents and 124.3 + 4.09; 26.8 + 233 and 3449 + 344
mg/g fraction, respectively. The petroleum ether fraction failed
to extract any phenolic compounds. These results indicate that
the aerial parts have a higher amount of total phenolic content
than the roots (Sahin et al., 2020).

Figure 1. Structures of the compounds isolated from S. pygmaea aerial parts.
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The antioxidant activity results are given in Table 1. The high-
est efficiency rates of extracting phenolic compounds and
the highest antioxidant potential were observed in the EtOAc
fraction. The most scavenged radical by all fractions was found
to be superoxide, which might be explained by the relatively
weak nature of this radical. However, scavenging activity of su-
peroxide is much desired because it is a widespread precursor
of several reactive oxygen species (Phaniendra, Jestadi, & Peri-
yasamy, 2015). EtOAc fraction of the aerial parts showed bet-
ter or nearly equal activities compared to rutin in LPO, SO and
FRAP assays. Moreover, the EtOAc fraction of the aerial parts
showed stronger antioxidant effect than the same fraction of
the roots in all the methods apart from the scavenging activity
of DPPH (this was almost equal). This might be due to its rela-
tively high total phenolic content. Compared to the roots, it is
observed that the aerial parts are more promising for antioxi-
dant potential (Sahin et al.,, 2020). There have been a consider-
able number of antioxidant studies conducted on Scorzonera
species (Acikara et al, 2017; Athmouni, Belghith, Bellassouad,
Feki, & Ayadi, 2015; Milella, Bader, De Tommasi, Russo, & Braca,
2014; Nasseri, Sharifi Bigy, Allahresani, & Malekaneh, 2015; Sari
et al, 2019; Sahin et al,, 2020; Tsevegsuren et al,, 2007; Wang,
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Wray, Tsevegsuren, Lin, & Proksch, 2012; Y. J. Yang et al., 2013).
These studies are in accordance with the current results of S.
pygmaea as they displayed potent antioxidant activity point-
ing to the phenolics as responsible substances.

Antimicrobial activity results of the fractions and standards are
given in Table 2. No activity was observed against gram nega-
tive bacteria and yeast strain; however, a weak activity was de-
termined against gram positive bacteria. These results are in
accordance with the limited available data about antimicrobial
activity of Scorzonera species (Sari, Ozbek, & Ozgdkce, 2009;
Sahin et al,, 2020; Christian Zidorn et al., 2002).

The results of COX inhibition (a well-known anti-inflammatory
mechanism) assay are given in Table 3. All fractions showed no
anti COX-1/2 activity comparable with that of indomethacin.
Considering the traditional anti-inflammatory usage of Scorzo-
nera species and anti-inflammatory compounds of S. pygmaea
(protocatechuic acid, chlorogenic acid methyl ester (Lende et
al, 2011; Liang & Kitts, 2016)), different methods such as inhi-
bition of pro-inflammatory cytokines or in-vivo models might
be used for evaluating ani-inflammatory potential of the plant.

Table 1. Antioxidant potential of S. pygmaea aerial parts.

EC5o*
TEAC®* FRAPC*
Anti-LPO SO DPPH ABTS

PE - - - - - -

CHCL, 6.60+0.46° 0.48+0.01° 8.40+0.22° 6.66£0.40° 0.782+0.04° 0.957 +0.030°
EtOAc 0.92+0.02° 0.46+0.02° 1.24+0.02° 1.09+0.12° 1.856£0.06° 2.774 +0.018°
BuOH 7.79 £0.42¢ 1.42+0.01° 5.21£0.11¢ 8.63+£0.14° 0.484+0.01¢ 0.698 +0.037¢
Rutin 0.72 +£0.02¢ 0.53+0.03° 0.142+0.02¢ 0.61+0.03¢ 2.113+£0.049** 2.864 £0.049**
Amg/mL

8 Trolox equivalents as mmol/L (mM)
¢ Ferrous ions equivalents as mmol Fe?*/L (mM)

PE (petroleum ether), CHCl; (chloroform), EtOAc (ethyl acetate), BuOH (n-butanol) fractions were obtained from ethanol macerate of S.pygmaea

aerial parts

Values with different letters in the same column were significantly (p < 0.05) different.
*Concentration of the fractions: 2.5 mg/mL, ** Concentration of rutin: 1.25 mg/mL

Table 2. MIC values of the fractions obtained from ethanol extract of S. pygmaea aerial parts and of the

standards (mg/L)

Microorganisms PE CHCL,
Staphylococcus aureus - -
Staphylococcus epidermidis - -
Enterococcus feacalis - -
Proteus mirabilis - -
Pseudomonas aeruginosa - -
Klebsiella pneumoniae - -
Escherichia coli - -

Candida albicans - -

AcOEt BuOH Standards
1250 - 1.2 (Cefuroxime-sodium)
78 1250 9.8 (Cefuroxime-sodium)

8.0 (Ampicilin-sodium)

2.4 (Cefuroxime-sodium)
- - 2.4 (Ceftazidime pentahydrate)
4.9 (Cefuroxim-sodium)
4.9 (Cefuroxime-sodium)

4.9 (Clotrimazole)
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Table 3. Results of anti-inflammatory studies

Fractions (20mg/mL) COoX-1 COX-2

PE 69.76 £3.742 44.94 + 4,.80°
CHCL, 84.65+6.30° 33.83£2.11°
EtOAC 67.05+3.62° 26.21 £3.49¢
BuOH 36.06+3.08° 26.21£2.41¢

Indomethacin 87.56+0.66°* 93.42 +2.99**

PE (petroleum ether), CHCl; (chloroform), EtOAc (ethyl acetate),
BuOH (n-butanol) fractions were obtained from ethanol macerate
of S.pygmaea aerial parts

Values with different letters in the same column were significantly
(p <0.05) different.

* The concentration was 12.5 ug/mL, ** The concentration was 50
pg/mL

CONCLUSION

The aerial parts of S. pygmaea contain significant and infre-
quent phenolics. The EtOAc fraction of the ethanol extract is
the most promising fraction for isolating these compounds.
Some of these phenolics gain nutritional interest such as pro-
tocatechuic acid which is determined in the genus Scorzonera
for the first time in the present study. The phenolic composi-
tion of the aerial parts is very similar to its roots. The aerial parts
of S. pygmaea possess a potent and higher antioxidant capaci-
ty than its roots which might be derived from a higher amount
of total phenolic content. Hence, the whole plant, especially
the aerial parts, can be used as a source of natural antioxidants
with a consequent impact on health benefits. No noteworthy
result was observed for COX inhibition and antimicrobial po-
tentials of the plant.
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