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ABSTRACT

In recent years, it has been determined that Onosma species exhibit interesting biological/pharmacological
activities. The aim of this study was to analyze the chemical composition, antioxidant and enzyme inhibitory
activities of the methanol (MeOH), water and ethyl acetate extracts obtained from the aerials parts of
Onosma rascheyana (Boiss.). The chemical compositions of the extracts were determined using
spectrophotometric and chromatographic methods. Biological activities of the extracts were determined
using antioxidant and enzyme inhibitory test systems. The MeOH extract was found to be rich in both
phenolics and flavonoids (31.55 mg GAEs/g and 15.20 mg REs/g, respectively). The MeOH extract also
contained higher amounts of 4-hydroxybenzoic and p-coumaric acids compared to other phytochemicals.
The MeOH extract exhibited remarkable activity in all antioxidant test systems. However, 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonate) radical cation (ABTS) scavenging assay resulted in superiority of water
extract (88.90 mg TEs/g). The relative antioxidant capacity indices (RACI) of the extracts and the correlations
between these values and antioxidant activities confirmed the high activity of the MeOH extract. In the a-
amylase, a-glucosidase, acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory activity
tests, the ethyl acetate extract showed high activity, while the tyrosinase inhibitory activity assay resulted in
the superiority of the MeOH extract (59.72 mg KAEs/g). It was concluded that the extracts of O. rascheyana
could be used as alternative agents in the food, cosmetic and medical industries due to their antioxidant
and enzyme inhibitory activities.

1. Introduction

number of studies on the antioxidant activities of plants in recent
years.

Recent studies have reported that many plants have antioxidant
activity (Madsen and Bertelsen, 1995; Schwarz et al., 2001; Tanabe
et al., 2002). Researchers suggest that the flavonoids and phenolic
compounds of plants are determinants of antioxidant activity
(Madsen and Bertelsen, 1995). Concerns by health authorities about
the adverse health effects of butylated hydroxyl anisole (BHA) and
butylated hydroxyl toluene (BHT), which are synthetic antioxidant
substances used as preservatives in food, have prompted
researchers to investigate plants rich in phytochemicals (Sasaki et
al., 2002). For this reason, there has been a great increase in the
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In addition to their antioxidant activities, plants also have a
promising potential for the treatment of neurodegenerative
diseases. Alzheimer's disease is a neurodegenerative disorder that
causes cognitive and behavioral abnormalities in people. Today, a
medical protocol that can fully treat this disease has not been
developed yet. However, some hypotheses have been discovered
that can partially eliminate the symptoms of the disease. According
to the cholinergic hypothesis, which is one of the best-known of
these hypotheses, inhibition of acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) can help increase neuronal activity and
therefore regress disease symptoms, since it causes an increase in
the amount of neurotransmitter substances in the brain.
Researchers are conducting intensive research on plants to discover
new and highly effective cholinesterase inhibitors (Sarikurkcu et al.,
2015).
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Another disease for which plants benefit medicinally is diabetes. In
both type | and type Il diabetes, glucose cannot pass from the
bloodstream to the cells, and the blood glucose level in these
patients is above the normal level (Abesundara et al., 2004). This
situation causes various tissues and organs in the body to lose their
functions in the medium and long term (Funke and Melzig, 2006).
One of the effective ways to keep blood glucose levels at normal
levels is to reduce glucose production by inhibiting the activity of a-
amylase ve a-glucosidase, which are involved in carbohydrate
digestion (Kim et al., 2005). Recent studies show that plants are a
potential reference source for phytochemicals that can inhibit these
enzymes (Kim et al., 2005).

In addition to the biological/pharmacological activities mentioned
above, plants also contain phytochemicals that have an inhibitory
effect on tyrosinase, which is involved in melanin biosynthesis (El-
Sayed et al., 2019). Excessive melanin production can cause the
development of some diseases related to hyperpigmentation in
organisms. In addition, product losses due to browning may occur
during the processing of vegetables and fruits due to tyrosinase
activity (Asanuma et al., 2003). Researchers have focused on
discovering compounds with tyrosinase inhibitory activity for use in
cosmetics, medicine, and food processing (Loizzo et al., 2012). Some
studies have proven that plants contain phytochemicals with
significant tyrosinase inhibitory activity (Fan et al., 2017; Gheibi et
al., 2015; Kamkaen et al., 2007; Kubo et al., 2000; Saghaie et al,,
2013).

The aim of this study is to determine the chemical composition of
methanol (MeOH), water, and ethyl acetate extracts obtained from
the aerial parts of Onosma rascheyana (Boiss.) and to investigate
their antioxidant, anti-Alzheimer, anti-diabetic, and skin whitening
activities.

2. Materials and methods
2.1. Plant material

O. rascheyana was collected from the 8th km Caglayancerit-
Kahramanmaras highway, Kahramanmaras-Turkey (1550 m, 37° 44’
N 37° 14’ E). The plant was identified and deposited by Dr. Riza
Binzet from the Department of Biology, Mersin University, Mersin-
Turkey. (Herbarium no: Binzet 86).

Aerial parts of the plant was used as the study material to obtain
solvent extracts. Details of the extraction procedure can be found in
the supplementary file.

2.2. Determination of the phenolic compositions of the extracts

Details of the spectrophotometric and chromatographic methods
were given in the supplementary file (Cittan and Celik, 2018; Zengin
etal., 2015).

2.3. Biological activity

The antioxidant and enzyme inhibitory activities of the extracts were
determined using the methods specified in the literature (Apak et
al., 2006; Kocak et al., 2016; Ozer et al., 2018; Tepe et al., 2011,
Zengin et al., 2015). Details of the methods used were included in
the supplementary file.
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2.4. Statistical analysis

Details of the statistical in the

supplementary file.

analysis were presented

3. Results and discussion
3.1. Chemical composition

Amounts of total phenolic and flavonoid compounds of the extracts
isolated from O. rascheyana are given in Figure 1. The MeOH and
water extracts were rich in phenolic compounds (31.55 and 31.13
mg GAEs/g, respectively), while the total phenolic content of the
ethyl acetate extract was 17.50 mg GAEs/g. MeOH extract was also
the richest extract in terms of flavonoid compounds (15.20 mg
REs/g). However, water and ethyl acetate extracts were poor in
flavonoids.

Our research group has previously conducted studies on the total
phenolic and flavonoid content of many endemic Onosma species
(Kirkan et al., 2018; Ozer et al., 2018; Saravanakumar et al., 2019;
Sarikurkcu et al., 2018; Sarikurkcu et al., 2020a, b; Sarikurkcu et al.,
2020c; Sarikurkcu et al., 2020d; Tlili et al.,, 2021). The results
obtained from the present study were found to be compatible with
the total phenolic and flavonoid contents of the mentioned Onosma
species (6.55-69.06 mg TEs/g and 65.57 mg QEs/g, respectively).

Results of LC-ESI-MS/MS analysis are given in Table 1. According to
the data in the table, the MeOH extract contained higher amounts
of 4-hydroxybenzoic acid and p-coumaric acid compared to other
phytochemicals. The amounts of these compounds in the MeOH
extract were 4002 and 349 pg/g, respectively. Similarly, there was a
high amount of 4-hydroxybenzoic acid in the water extract (5287
ug/g). The water extract additionally contained significant amounts
of rosmarinic acid (4248 pg/g), ferulic acid (803 pg/g), vanillic acid
(634 ug/g), and protocatechuic acid (202 ug/g). According to the
results of LC-ESI-MS/MS analysis, the ethyl acetate extract was
poorer than the other extracts in terms of phytochemicals in Table
1. As with the MeOH and water extracts, the compound with
highest amount in the ethyl acetate extract was 4-hydroxybenzoic
acid (125 ug/g).

There are no previously published data in the literature regarding
the chemical composition of the Onosma species reported in the
present study. However, as stated above, in many articles previously
published by our research group, it has been determined that
different Onosma species show a high similarity to each other in
terms of their phytochemical compositions. In particular, 4-
hydroxybenzoic acid and rosmarinic acid, which were found to be
found in high amounts in the current study, are found in significant
amounts in many Onosma species in the literature (Kirkan et al.,
2018; Sarikurkcu et al., 2018; Sarikurkcu et al., 2020a, b; Sarikurkcu
et al., 2020c; Sarikurkcu et al.,, 2020d; Tlili et al., 2021). For this
reason, it was concluded that the data obtained from the present
study are compatible with those in the literature.

3.2. Antioxidant activity
In order to determine the antioxidant activities of the extracts,
antioxidant activity tests, the details of which are given in the

supplementary file, were applied (Figure 1).

MeOH extract exhibited the highest activity in the
phosphomolybdenum test where total antioxidant activity was
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analyzed (484.20 mg TEs/g). It was followed by ethyl acetate (259.80  respectively). In this test system, the activity of the ethyl acetate

mg TEs/g) and water extracts (210.90 mg TEs/g), respectively.

In the ferrous ion chelating assay, the activities of MeOH and water
extracts were almost equal (23.40 and 23.67 mg EDTAEs/g,

extract was determined as 6.21 mg EDTAEs/g.
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Figure 1. Antioxidant activity, total flavonoid and phenolic contents of O. rascheyana extracts
[REs, GAEs, TEs and EDTAEs mean rutin, gallic acid trolox and ethylenediaminetetraacetic acid (disodium salt) equivalents, respectively].
Values indicated by the same superscripts are not different from the honestly significant difference after Tukey's hoc test at 5% significance level.

Table 1. Concentration (ug/g extract) of selected phenolic compounds in O. rascheyana extracts®

Compound MeOH Water Ethyl acetate
Gallic acid 6.23 + 0.04° 10.8+0.52 3.94 +0.09¢
Protocatechuic acid 289+ 1° 202 +£2° 13.6 £0.5¢
3,4-Dihydroxyphenylacetic acid 16.8+0.3° 37.9+0.12 14.2£0.3¢
Pyrocatechol 27.9+0.6° 32.5+0.6° 158 + 12
(+)-Catechin 18.0+1.9 nd nd
Chlorogenic acid 2.97 +0.10° 102+ 12 4.67 £0.06°
2,5-Dihydroxybenzoic acid 152+ 1.1b 63.8+2.8° 10.4+0.1°
4-Hydroxybenzoic acid 4002 + 7° 5287 £ 692 125+ 1¢
(-)-Epicatechin 2.22+0.122 2.31+£0.192 2.20+0.022
Vanillic acid 154 £ 2b 634 + 122 168 + 5°
Caffeic acid 14.1+ 0.5 111+ 42 17.8+1.2°
Syringic acid 81.7 +2.4° 173 +92 4.20 £0.25¢
3-Hydroxybenzoic acid 345+0.3° 40.0+1.9° 12.3+1.2¢
Vanillin 13.3+0.8° 155+ 12 19.31+0.49b
Verbascoside 5.67 £ 0.04° 6.17 £ 0.26° 6.11 + 0.04°
Taxifolin 7.40 + 0.09° 10.3+0.52 7.77 £ 0.31°
Sinapic acid 9.41+0.18 46.7 £1.02 5.15+0.26¢
p-Coumaric acid 349+ 7° 2377 + &2 27.0+0.1¢
Ferulic acid 84.1+0.1° 803 + 402 19.1+0.8°
Luteolin 7-glucoside nd 38.0+0.4 nd
Hesperidin 1.91+0.02° 2941 +52 6.78 + 0.14°
Rosmarinic acid 7.65+0.13° 4248 +11° 15.7 + 1.4°
Hyperoside 1.40 + 0.06° 76.5+1.22 1.21+0.14°
Apigenin 7-glucoside nd 7.24 £0.07 nd
2-Hydroxycinnamic acid 4.16 +0.10° 2.73+0.10° 3.86+0.182
Eriodictyol 9.59+0.072 10.0+0.42 9.73£0.072
Pinoresinol nd nd 164+ 8
Quercetin 1.62 + 0.06° 6.65+0.612 1.55+0.05°
Luteolin nd 4.86+0.10 nd
Kaempferol nd 13.1+1.4 nd

Apigenin nd 82.0+0.5? 6.11+0.07°

1The values indicated by the same superscripts within the same row are not different according to the Tukey’s honestly significant difference post hoc test at 5% significance level.

nd: Not detected

The reducing power potentials of the extracts were determined by
CUPRAC and FRAP tests. The activities exhibited by the extracts in
the CUPRAC test were higher than those in the FRAP test. In both
test systems, the MeOH extract exhibited the highest activity (77.09
and 47.56 mg TEs/g, respectively). The ethyl acetate extract
exhibited the lowest activity in both the CUPRAC and FRAP test
(53.74 and 21.33 mg TEs/g, respectively).

DPPH and ABTS radical scavenging tests were applied to determine
the scavenging activity of the extracts on free radicals. While MeOH
extract showed high activity in DPPH radical scavenging assay (26.70
mg TEs/g), water extract showed the highest activity in ABTS radical
scavenging test (88.90 mg TEs/g).
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Relative antioxidant capacity index (RACI) data of extracts are given
in Figure 2. The RACI value of the MeOH extract was calculated as
0.84, according to the data obtained as a result of the evaluation of
the data obtained from all antioxidant activity tests together. It was
followed by water and ethyl acetate extracts (0.23 and -1.06,
respectively).

The correlation values between the RACI values of the extracts and
their antioxidant activities are given in Figure 3. According to the
data in the figure, the antioxidant activities of the extracts in all test
systems, except the phosphomolybdenum test, were correlated
with their RACI values.

According to literature data, the antioxidant activity of O.
rascheyana has not been studied before. However, it is possible to
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compare the data obtained from the current study with the
antioxidant activities of other Onosma species previously published
by our research group. Antioxidant activity data from the present
study are generally consistent with antioxidant activity data from
other Onosma species in the literature. (Kirkan et al., 2018; Ozer et
al., 2018; Saravanakumar et al., 2019; Sarikurkcu et al., 2018;
Sarikurkcu et al., 2020a, b; Sarikurkcu et al., 2020c; Sarikurkcu et al.,

Relative antioxidant

capacity index

International Journal of Plant Based Pharmaceuticals, 2(1), 128-135

2020d; Tlili et al., 2021). There are also some data in the literature
showing that 4-hydroxybenzoic acid and rosmarinic acids, which are
the main components of MeOH extract with high antioxidant
activity, can exhibit strong antioxidant activity (Babaei et al., 2020;
Kim et al., 2014; Park et al., 2008; Ying et al., 2009).
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Figure 3. Correlation between RACI (dashed red line with triangle) and antioxidant activity (solid dark blue line with circle) of O. rascheyana
extracts
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3.3. Enzyme inhibitory activity of this extract on a-amylase and a-glucosidase was determined as

421.93 and 1568.92 mg ACEs/g, respectively. On the other hand, the
The inhibitory activities of the extracts of O. rascheyana on AChE,  water extract exhibited the weakest activity on both enzymes (44.68
BChE, tyrosinase, a-amylase and a-glucosidase are given in Figure 4. and 122.46 mg ACEs/g, respectively).

In the inhibitory activity tests on digestive enzymes, the ethyl
acetate extract exhibited the highest activity. The inhibitory activity
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Figure 4. Enzyme inhibition activity of O. rascheyana extracts
ACEs, GALAEs and KAEs mean acarbose, galanthamine and kojic acid equivalents, respectively.
Values indicated by the same superscripts are not different from the honestly significant difference after Tukey's hoc test at 5% significance level.

The ethyl acetate extract also showed higher activity on respectively. Just as in the test system where digestive enzymes

cholinesterases than the others. The inhibitory activity of this  were inhibited, the MeOH extract ranked second after the ethyl
extract on AChE and BChE was 3.02 and 1.98 mg GALAEs/g, acetate extract. The water extract, on the other hand, provided an
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inhibition of 0.84 mg GALAEs/g on AChE, but was ineffective on
BChE.

A different activity profile was detected in the tyrosinase inhibitory
activity test than those obtained from the test systems detailed
above. In this test system, the inhibitory activity of the MeOH
extract was higher than the other extracts (59.72 KAEs/g). It was
followed by ethyl acetate and water extracts, whose inhibitory
activity values were quite close to each other (50.24 and 48.10 mg
KAEs/g, respectively).

No data on the inhibitory activities of O. rascheyana on the enzymes
discussed in the current study could be found in the literature. The
literature data on the enzyme inhibitory activities of Onosma
species generally consists of the articles published as a result of the

Table 2. Correlations among phenolic compounds and assays

International Journal of Plant Based Pharmaceuticals, 2(1), 128-135

researches of our study group (Kirkan et al., 2018; Ozer et al., 2018;
Saravanakumar et al., 2019; Sarikurkcu et al., 2018; Sarikurkcu et al.,
2020a, b; Sarikurkcu et al., 2020c; Sarikurkcu et al., 2020d; Tlili et al.,
2021). Data from the present study indicate that O. rascheyana has
similar enzyme inhibitory activity potential as other Onosma species.

3.4. Correlations among phenolics and assays

Since the determination of the compounds responsible for the
activity via bioassay-guided fractionation could not be performed in
the current study, correlation analysis was applied to determine to
what extent the main components of the extracts contribute to the
activities (Table 2).

TAP DPPH ABTS CUPRAC FRAP FICA AChEIA BChEIA TIA AAIA AGIA
RACI 0.998 0.999 0.999 0.999 0.999 0.998
Total phenolic 0.999 0.999 0.999 0.999 0.999 0.998 -0.989 -0.938 0.993 -0.999 -0.996
Total flavonoid 0.994 0.999 0.999 0.999 0.999 0.996 -0.995 -0.949 0.987 -0.999 -0.992
Protocatechuic acid 0.998 0.999 0.999 0.999 0.999 0.998 -0.989 -0.937 0.990 -0.999 -0.994
Pyrocatechol -0.998 -0.999 -0.999 -0.999 -0.999 -0.998 0.990 0.941 -0.992 0.999 0.995
Chlorogenic acid -0.998 -0.999 -0.999 -0.999 -0.999 -0.999 0.990 0.943 -0.995 0.998 0.997
4-Hydroxybenzoic acid 0.998 0.999 0.999 0.999 0.999 0.998 -0.990 -0.938 0.991 -0.999 -0.994
Vanillic acid -0.932 -0.900 -0.900 -0.940 -0.940 -0.960 0.959 0.980 -0.971 0.935 0.969
Caffeic acid -0.935 -0.950 -0.950 -0.950 -0.950 -0.963 0.965 0.985 -0.972 0.941 0.971
p-Coumaric acid 0.997 0.999 0.999 0.999 0.999 0.997 -0.992 -0.943 0.990 -0.999 -0.994
Ferulic acid 0.998 0.999 0.999 0.999 0.999 0.998 -0.989 -0.939 0.992 -0.999 -0.995
Hesperidin -0.998 -0.999 -0.999 -0.999 -0.999 -0.995 0.988 0.932 -0.986 0.999 0.990
Rosmarinic acid -0.984 -0.986 -0.985 -0.987 -0.986 -0.972 0.972 0.895 -0.954 0.990 0.962

Data show the Pearson Correlation Coefficients between the parameters. TAP: total antioxidant activity by phosphomolybdenum method. AAIA. AChEIA. BChEIA. AGIA. and TIA: a-
amylase. acetyl cholinesterase. butyryl cholinesterase. a-glucosidase. and tyrosinase inhibition activities. respectively. ABTS and DPPH: ABTS and DPPH radical scavenging activities.
respectively. CUPRAC and FRAP: CUPRAC and FRAP reducing power potential; respectively. RACI: relative antioxidant capacity index. FICA: Ferrous ion chelating activity

According to the data in the table, it was determined that there was
a high correlation between the phenolic and flavonoid compound
contents of the extracts and their antioxidant activities. In addition,
protocatechuic, ferulic, p-coumaric and 4-hydroxybenzoic acids also
appear to contribute significantly to antioxidant activity. According
to the correlation coefficients in the table, it is thought that some
phenolic compounds (pyrocatechol, chlorogenic acid, vanillic acid,
caffeic acid, hesperidin and rosmarinic acid) contribute significantly
to the enzyme inhibitory activities of the extracts.

4, Conclusions

In this study, the chemical compositions, antioxidant and enzyme
inhibitory activities of MeOH, water and ethyl acetate extracts
obtained from the aerial parts of O. rascheyana were analyzed. It
was concluded that MeOH and water extracts exhibited
considerably higher antioxidant activity than ethyl acetate extract. It
is thought that this situation may be caused by the highly polar
phenolic compounds or flavonoids in the extracts in question.
Correlation analyzes confirm this idea. On the other hand, as in
many previous studies carried out by our research group, it was
concluded that the enzyme inhibitory activity of ethyl acetate
extract was higher than that of other extracts. It is anticipated that
the remarkable enzyme inhibitory activity of the extract may be due
to low polarity compounds. However, in all test systems presented
here, it is thought that fractionation studies accompanied by
quantitative chromatographic techniques should be performed to
determine the phytochemicals responsible for the extracts activities.
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