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Abstract: In the present study, the extract of an endemic plant ourkey Marrubium sivasense Aytag,
Akgul & Ekici was investigated for phytochemical profile, antioxidant properties and inhibition of
several enzymes. The chemical composition of the extract was investigated with LC-MS/MS
technique. Forsythoside B, verbascoside and leucoseptoside were identified as the main compounds.
The free radical scavenging activity of the extract was determined against DPPHe radicals (IC50 0.34

mg/mL) and ABTSe+ cation radicals (TEAC 2.3 mM). In the xanthine-xanthine oxidase (XO) system
and in B-carotene bleaching assay the extract demonstrated moderate activity (Inh% 16.54 and
Inh% 43+1.26, respectively). The extract demonstrated hypoglycemic activity (Inh% 49.67+1.09)
via inhibition of porcine pancreatic a-amylase. The antiinflammatory effect tested via inhibition of 5-
LOX was found as Inh% 18.71+0.74. However, no antityrosinase activity was found.
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INTRODUCTION

The genus Marrubium L. (Lamiaceae) consists
of 40 species indigenous in Europe, the
Mediterranean and Asia. In the Flora of
Turkey, the genus is represented by 21 taxa,
of which 12 are endemic (1-3). The endemism
rate (57%) shows that Turkey is an important
center of diversity for the genus (4, 5). Several
aspects on chemical and pharmacological
potent of the genus Marrubium were reported
by Meyre-Silva et al (6). A previous
phytochemical studies on Marrubium species
resulted with polyphenols (7), essential oils
(8), labdane diterpenoids and sterols (9, 10).
Biological activity investigations of Marrubium

species encompasses antibacterial (11),
antioxidant, antiproliferative (12),
antinociceptive (13), antidiabetic (14),

antihypertensive (15), hepatoprotective (16),
antiinflammatory (17), cardioprotective (18)
and cytotoxic/cytostatic (19) potentials. Some
Marrubium species are traditionally used to
treat various diseases, including asthma,
pulmonary infections, inflammation and
hypotension, as cholagogues and sedative
agents, and for pain relief. M. vulgare
(horehound) is cultivated in Lithuania (20) and
serves as raw material and source for food
flavoring and for medicinal purposes (herbal
extracts) and beverage industries (21). The
plant has also been used as a substitute for
hop in beer-breweries and as an ingredient of
pastilles, as a flavoring in stick candy, and
candy drops (22, 23). In Turkey, Marrubium
species are known as “Agor galbasi” (in Sivas
province), “salba” (in Antalya province) and
“kayiskiran otu” (in Kirklareli province) (24).

Marrubium sivasense Aytag, Akgul & Ekici is
the local endemic species in Sivas province of
Turkey (1). The local name of this plant is
“kukasotu”. Taking into consideration the
previous literature data on the chemistry and
biological activities of Marrubium species as
well as lacking information about M.
sivasense, we aimed to investigate chemical
composition and biological potential of this
species. Therefore, the extract of M. sivasense
was screened for antioxidant activity using
different in vitro methods like 2,2-diphenyl-1-
picrylhydrazyl (DPPH') radical scavenging
test, Trolox equivalent antioxidant capacity
test and p-carotene bleaching test. The
antioxidant effect of extract on oxidative
damage was also evaluated with enzymatic
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method using XO system that generated
superoxide anion radical (02-). The test
samples which interact with XO can affect the
kinetics of xanthine oxidation to uric acid
which causes hyperuricacidemia associated
with gout (25). XO has a role in the generation
of reactive oxygen species in various
pathologies such as viral infection,
inflammation, brain tumors or the process of
ischemia/reperfusion. Thus, inhibitors of XO
are expected to be therapeutically useful for
the treatment or prophylaxis of these
diseases. Earlier, it has been supposed that
the essential oil of M. peregrinum L. may
contain compounds that would be more
effective in the treatment of gout from the
widely used allopurinol because of they can
inhibit XO as well as neutralize 02-¢ (26). In
literature there is no any information about
effect of Marrubium sivasense on XO enzyme.
Therefore, it was aimed to investigate
inhibitory effect of M. sivasense extract on XO
enzyme.

In the literature there is information about
antiinflammatory properties of M. vulgare and
M. allyson (27, 28). The phenylpropanoid
glycosides from M. vulgare have been reported
as the strong inhibitors of enzymes associated
with  inflammation. Therefore, it was
interesting to investigate the extract of M.
sivasense against 5-lipoxygenase (5-LOX)
enzyme, which linked to inflammation
process.

Recently, the perspectives of M. vulgare as
antidiabetic natural product have been
discussed in several papers (14, 29, 30). The
investigation of M. sivasense inhibitory activity
against pancreatic a-amylase, which is known
as key enzyme in digestion of dietary
carbohydrate in organism, may give
information on antihyperglycemic potential of
the plant. The inhibitors of O-amylase enzyme
may be effective in retarding carbohydrate
digestion and glucose absorption to suppress
postprandial hyperglycemia.

A literature search revealed information about
tyrosinase inhibition potent of flavonoids and
phenylethanoid glycosides isolated from M.
velutinum and M. cylleneum. (7). In the scope
of the present work, we attempted to
investigate in vitro potential of M. sivasense
against tyrosinase enzyme which is the key
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enzyme in production of melanin (31). The
central role of tyrosinase in dopamine
neurotoxicity as well as contribution to the
neurodegenerative Parkinson’s disease has
earlier been well documented (32). The
inhibitors of tyrosinase found application in
cosmetic products for whitening and
depigmentation after sunburn as well as for
the treatment of hyperpigmentation.
Nowadays, there is increasing demand for
naturally derived inhibitors of tyrosinase due
to diverse side effects of synthetic products.
The tyrosinase inhibitory activity of M.
velutinum and M. cylleneum was reported to
be due to flavonoid and phenylethanoid
glycosides (7). It was supposed, that
flavonoids and cinnamic acid derivatives may
contribute to antityrosinase activity of M.
vulgare extract (33). The above mentioned
reports encouraged us to investigate M.
sivasense for antityrosinase activity. The
present research work is the first contribution
into the chemistry and biological activities of
M. sivasense, endemic species from Turkey.

MATERIALS AND METHODS

Chemicals and Enzymes

3,4-Dihydroxyl-L-phenilalanine, B-carotene,
linoleic acid, Tween-20, butylated
hydroxytoluene (BHT), gallic acid, (£)-6-

hydroxy-2,5,7,8-tetramethylchromane-2-

carboxylic acid (Trolox), 2,2-diphenyl-1-
picrylhydrazyl (DPPH'), amonium acetate,
kojic acid, acarbose, 3,4-dihydroxy-L-

phenylalanine (L-DOPA), nordihydroguaiaretic
acid (NDGA), allopurinol, a-amylase from
porcine pancreas (Type VI-B, EC 3.2.1.1),
tyrosinase from mushroom (EC 1.14.18.1),
xanthine oxidase from bovine milk (Grade 1V)
and lipoxidase from Glycine max (Type I-B)
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Soluble starch extra pure, iodine
and potassium iodide were purchased from
Merck (Darmstadt, Germany). Sodium
phosphate, disodium phosphate, aluminum
chloride, water and methanol were extra pure
analytical grade. A C9-C40 n-alkane standard
solution was purchased from Fluka (Buchs,
Switzerland). All solvents were purchased
from Sigma Aldrich (Germany) and were of
analytical grade.
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Equipment

Shimadzu 20A HPLC system equipped with
Applied Biosystem 3200 Q trap MS/MS
detector was wused for chromatographic
analysis of the extract. Microtiter plate assay
was performed with Biotek Powerwave XS
microplate reader. Ultrapure water was
obtained from a Direct-Q Water Purification

System (Germany). Spectrophotometric
measurements were carried out with a UV-
Pharma Spec 1700 (Shimadzu)
spectrophotometer.

Plant Material

The aerial parts of M. sivasense were collected
in Sivas province, vicinity of Mancilik village of
Kangal district, on June, 2015 and dried under
the shade. Botanical identification was
performed by Dr. Mehmet Tekin (Trakya
University, Faculty of Pharmacy, Department
of Pharmaceutical Botany). The voucher
specimen is stored in the Herbarium of
Cumbhuriyet University, Faculty of Science
(CUFH) under herbarium code Tekin 1686.

Preparation of the Extract

Aerial parts of M. sivasense (10.0 g) were
powdered and subjected to maceration in
methanol (200 mL) by shaking (3000 per min)
at room temperature for 24 h. The obtained
liquid extract was filtered and dried under
vacuum. The dried methanol extract was kept
at 4°C until phytochemical analysis and
biological activity tests.

Liquid-Chromatography - Mass

Spectrometry (MS/MS)

LC-MS/MS analysis was carried out using an
Absciex 3200 Q trap MS/MS detector. The
experiments were performed with a Shimadzu
20A HPLC system coupled to an Applied

Biosystems 3200 Q-Trap LC-MS/MS
instrument equipped with an ESI source
operating in negative ion mode. For the

chromatographic separation, a GL Science
Intersil ODS 250 x 4.6 mm, i.d., 5 ym particle
size, analytical column operating at 40°C was
used. The solvent flow rate was maintained at
0.5 mL/min. The detection was carried out
with PDA and MS detectors. The elution
gradient consisted of mobile phases (A)
acetonitrile : water : formic acid (10:89:1,
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v/v/v) and (B) acetonitrile : water : formic acid
(89:10:1, v/v/v). The composition of B was
increased from 10% to 100% in 40 min. LC-
ESI-MS/MS data were collected and processed
by Analyst 1.6 software.

Identification of Compounds

Identification of phenolic constituents was
based on matching of mass-spectral patterns
obtained with LC-MS/MS system.

Free Radical Scavenging Activity (DPPH"
assay)

The hydrogen atoms or electrons donation
ability of M. sivasense extract was evaluated
according to bleaching of purple colored
DPPH®° stable radicals by using of the method
of Brand-Williams (34) with slight

Inh%=(

where, Abscontrol is the absorbance of the
control (containing all reagents except the test
compound), Abssample is the absorbance of
the sample with added DPPH reagent. The
IC50 values were obtained by plotting the
DPPH " scavenging percentage of each sample
against the sample concentration. Data were
analyzed using the SigmaPlot software
(Version 12.0).

Trolox Equivalent Antioxidant Capacity
(TEAC Assay)

The free radical scavenging activity of the
extract was tested against 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)
(ABTSe+) cation radicals according to the
procedure described by Re et al. (35) with
slight modifications. 7 mM ABTS and 2.5 mM
K2S208 dissolved in 10 mL ultrapure water
were allowed to stand in the dark for 16 h at
room temperature to create ABTSe+ cation
radicals. Prior to the assay, ABTSe+ solution
was diluted with absolute ethanol to get an
absorbance between 0.7-0.8 at 734 nm. The
solutions of the extract (5 mg/mL) and Trolox
(standard, 3.0; 2.0; 1.0; 0.5; 0.25; 0.125
mM) were prepared in methanol. In the
experiment, the sample solution (10 ulL) was
mixed with 990 pL ABTSe+ solution. Ten
microliter of methanol instead of the sample
mixed with ABTSe+ solution was used as the
control. Gallic acid solution (0.1 mg/mL) was
used as the positive control. Decrease in the
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modifications. The solution of DPPH® (0.08
mg/mL, in methanol) was freshly prepared
daily, kept in the dark at 4 oC between the
measurements. The solutions of the extract
(10 mg/mL) and gallic acid (0.1 mg/mL) were
prepared in methanol. In the experiment, 100
ML of the sample (extract/ standard) solution
and 100 pL of DPPH solution were pipetted by
multichannel automatic pipette (Eppendorf
Research® plus, Germany) into 96-flat bottom
well plate cells and allowed to stand in the dark
for 30 min. The control well contained 100 pL
methanol (instead of the sample) mixed with
100 pL of DPPH. The decrease in the
absorbance was recorded at 517 nm. Gallic
acid (standard) was used as the positive
control. The experiments were performed in
triplicate. The free radical scavenging activity
of the samples was expressed as percentage
of inhibition calculated according to Equation
1:

M)Xloo (Eq. 1)

Abscontrol

absorbance after 30 minutes of incubation was
recorded at 734 nm to get linear Trolox
equation. ABTSe+ scavenging activity of the
sample was expressed as Trolox equivalent
antioxidant capacity and calculated using
linear  equation obtained for  Trolox
(y=33.644xx+ 2.6523, r2=0.9942).

B-Carotene/Linoleic Acid Peroxidation
Inhibition Assay

B-Carotene/linoleic acid peroxidation inhibition
assay used linoleic acid as the model lipid
substrate in an emulsified form (with Tween-
20) lies in between methods employing only
model substrates (e.g. DPPH') and those
using real lipids (36). Inhibition of lipid
peroxidation by M. sivasense extract was
measured according to method of Marco (37)
with slight modifications. Briefly, B-carotene
(5 mg) dissolved in chloroform (5 mL) was
added to flask containing linoleic acid (120
mg) and Tween-20 (1200 mg). The content of
flask was vigorously shaken and chloroform
was evaporated under the vacuum. After
evaporation, pure water (300 mL) was added
and shaken vigorously. BHT (1 mg/mL) was
used as the standard inhibitor. The sample
(extract/ standard) solution (10 ulL) and B-
carotene emulsion (2 mL) were mixed in the
deep well plate. After that, 300 pL of the
mixture was placed by multichannel automatic
pipette (Eppendorf, Germany) into a 96-well
microplate cells and incubated at 50°C for 2 h.
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Control was prepared without sample or
standards according to the same procedure.
The rate of B-carotene bleaching was
monitored by measuring the absorbance at 15
min periods at 470 nm in an ELISA microplate

AbSOsgmpie— AbS1205qmp1
AA% = 1_( sample sampe) % 100
AbSOcontrot—AbS120control

where, AA is an antioxidant activity,
AbsOsample and Absl20sample are the
absorbance values of the sample at 0 min and
120 min, AbsOcontrol and Abs120control are
the absorbance values of the control at 0 min
and 120 min.

Xanthine Oxidase (XO) Inhibition Assay

The XO inhibition assay was carried out
according to procedure reported by Chen (38)
with slight modifications. Namely, the stock
solution of the extract (5 mg/mL) prepared in
methanol was diluted with phosphate buffer
(0.1 M, pH 7.5) up to 1 mg/mL. In the
experiment, the sample solution (100 pL),
buffer (1.75 mL) and 40 pL of XO (0.33 U/mL
in sodium phosphate buffer) were pipetted in

Inh% = [(Abscuntrul_Abscuntrul blank) ~(AbSsample—AbSsample blank)] % 100

AbScontrot—AbScontrol blank

where Abscontrol and Abscontrol blank are the
absorbance values of the control and its blank,
Abssample and Abssample blank are the
absorbance values of the sample and its blank.

Tyrosinase Inhibition Assay

An inhibitory activity of M. sivasense extract
on tyrosinase was assessed using the modified
microplate method reported by Masuda (39).
The solution of the extract (1 mg/mL) was
prepared in phosphate buffer (pH 6.8) with
adding DMSO. The experiment was carried out
as follow: eight wells were used, A (three
wells, control), B (one well, blank), C (three
wells, sample), and D (one well, blank), which
contained the following reaction mixtures: A,

_ (Absp—Absg )—(Absc—Absp)
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reader (Biotek Powerwave XS). Analyses were
run in triplicate and the results were expressed
as average of inhibition percentage values
with SEM calculated according to Equation 2:

Equation (2)

quartz cuvette and pre-incubated for 10 min
at 25 °C. The reaction was initiated by addition
of the substrate solution (100 pL 0.5 mM
xanthine in buffer). Then, the mixture was
subjected to the second incubation for 12 min
at 25 °C. The sample blanks contained all
reaction reagents and 40 pL buffer instead of
enzyme. The control cuvette contained all the
reagents without the sample (plus equivalent
amount of the sample solvent was added).
Control incubations, representing 100%
enzyme activity were conducted in the same
manner replacing the plant extract with the
solvent used for the solution of the extract.
The standard inhibitor of XO, allopurinol (1 mM
in DMSQO) was used as the positive control.
Absorbance at 295 nm was recorded with a
spectrophotometer. The percentage inhibition
was calculated according to Equation 3:

(Eqg. 3)

120 uyL of phosphate buffer (0.1 M, pH 6.8)
and 40 pL of tyrosinase (33.3 U/mL) in the
buffer; B, 160 L of the buffer; C, 80 pL of the
buffer, 40 uL of tyrosinase (33.3 U/mL) in the
buffer, 40 yL of the sample-buffer solution
containing DMSO; D, 120 L of the buffer and
40 pL of the sample solution containing DMSO.
Pipetting was performed with multichannel
automatic pipette (Eppendorf Research® plus,
Germany). Kojic acid (0.01-0.1 mg/mL in
buffer) was used as the positive control. The
contents of each well were mixed and then
preincubated at 23°C for 10 min, before 40 pl
L-DOPA (2.5 mM) in the buffer was added.
After incubation at 23°C for 15 min, the
absorbance at 475 nm was measured using an
ELISA microplate reader (Biotek Powerwave
XS). The percentage inhibition of the
tyrosinase activity (Inh %) was calculated
according to Equation 4:

Inh% =

(Abs,—Absg)

a-Amylase Inhibition Assay

The inhibitory potential of the extract on
activity of a-amylase was measured using
Caraway-Somogyi iodine/potassium iodide
(I/KI) method (40) with slight modifications.
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x 100 (Eq. 4)

The substrate solution (0.05 %) was prepared
by dissolving soluble potato starch (10 mg) in
20 mL ultrapure water then boiling for 10 min
and cooling to room temperature before use.
As a positive control experiment, acarbose
(0.01-0.1 mg/mL in buffer) was used. The
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experiment was carried out as follows: 20 mM
sodium phosphate buffer (pH 6.9) was
pipetted in the 96-well flat bottom plates with
multichannel automatic pipette (Eppendorf,
Germany), then 25 uL sample solution and 50
ML a-amylase (0.8 U/mL in buffer) were added
and incubated for 10 min at 37°C. After
incubation, 50 pL substrate solution was
added to the mixture. The mixture was
subjected to the second incubation for 10 min
at 37°C. The reaction was stopped by addition
of 25 pL HCI (1 M). Finally, 100 pL of I/KI
reagent was added to the wells. The sample
blanks contained all reaction reagents and 50
ML buffer instead of enzyme. The control wells
contained all reaction reagents and 25 pL
solvent (instead of the sample solution). The
control incubations, representing 100%
enzyme activity were conducted in the same
manner replacing the plant extract with the
solvent used for solution of the extract. The
absorbance values were recorded for the
sample and blank at 630 nm. The percentage
inhibition of the a-amylase activity (Inh %)
was calculated according to Equation 3.

Lipoxygenase Inhibition Assay

Inhibition of 5-LOX activity was measured with
spectrophotometric method described by
Albano et al. (41). The solutions of the extract
(1 mg/mL) and NDGA (0.1 mg/mL) were
prepared in methanol. The substrate solution
(4 mM) was prepared as follows: 50 mg
linoleic acid, 50 mg Tween-20, 500 pL NaOH
(1 M) were mixed and the total volume (40
mL) was adjusted with 0.1 M phosphate buffer
(pH=8). The enzyme solution was prepared in
phosphate buffer (273000 U/mL). In the
experiment, 50 pL of the sample solution
(extract/standard), 2.5 mL phosphate buffer
and 50 pL of 5-LOX were mixed in quartz
cuvette and incubated for 10 min at 25 °C.
Then, the reaction was initiated by adding
linoleic acid (25 pL). Increase in the
absorbance at 234 nm was recorded for 6 min.
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The percentage inhibition was calculated
according to equation 3.

Statistical Analysis of Data

Data obtained from antioxidant and enzyme
inhibition experiments were expressed as
mean standard error (£SEM). IC50 values
were estimated using a nonlinear regression
algorithm.

RESULTS AND DISCUSSION

In the literature, there are a number of papers
promising about phytochemical properties and
biological activities of diverse Marrubium
species (7,11-19). However, there is no
information about phytochemistry and
biological potent of endemic species M.
sivasense. The main objective of the present
work was to evaluate chemical composition
and confirm the biological potent of non-
volatile metabolites of M. sivasense. The
extract was subjected to evaluations for free
radical scavenging, lipid peroxidation
inhibition and Trolox equivalent antioxidant
capacity. Another goal was to determine
inhibitory potential of the extract on enzymes
involved in oxidation metabolism (XO),
digestion of carbohydrates (a-amylase),
process of inflammation (5-LOX), and linked to
melanin formation and Parkinson’s disease
(tyrosinase).

Composition of Extract

In scope of the research, M. sivasense
methanol extract phenolics were determined
with LC-MS/MS technique. Phenylethanoid
glycosides: forsythoside B, verbascoside,
alyssonoside, martynoside were identified as
the main compounds. Chromatographic profile
of the extract is presented on Figure 1.
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Figure 1: Liquid-chromatographic profile of the methanol extract of Marrubium sivasense.

The list of the constituents detected with MS
detector is summarized in Table 1. The
composition of the extract was constituted by
phenylethanoid glucosides as well as cumaroyl
glycosides of apigenin. Forsythoside B,

verbascoside and leucoseptoside were found
as the main phenolic constituents in M.
sivasense. Several of these constituents have
earlier been reported for M. alysson, M.
anisodon and M. cylleneum (42-44).

Table 1: Characterization of chromatographic peaks detected in the methanolic extract of Marrubium

sivasense.

Rt [I;:;/I'Iz] Fragments Compound Reference
11.5 755 593,461, 315, 297, 179, Forsythoside B (45)
13.0 623 461, 315, 179 Verbascoside (43, 46)
13.2 769 593, 575 Alyssonoside (43, 46)
14.0 463 300, 271 Quercetin glucoside (7)
15.2 637 461, 315, 297, 175 Leucoseptoside A (43,45, 46)
15.9 431 311, 269 Apigenin glucoside (45, 47)
16.3 461 445, 297, 283, 255 Chrysoeriol glucoside (42)
17.6 651 193, 175, 160 Martynoside (7)
20.1 377 249, 205 Unknown
21.1 577 431, 311, 269 Apigenin coumaroylglucoside (7, 44, 48)
23.4 577 431, 413, 269, 145, Apigenin coumaroylglucoside (7, 44, 48)
28.3 723 576, 269 Similar to Apigenin di- (44,48)

coumaroylglucoside
30.5 267 223 Unknown

Antioxidant Activity

Antioxidant activity assessments of M.
sivasense extract were performed in vitro by
using non-enzymatic and enzymatic systems
employing different model substrates: stable
free radical DPPHe and cation radical ABTS+e
as well as real substrates: linoleic acid
peroxides and superoxide anion radicals (02-
¢). Such approach allowed obtaining rather
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realistic results about the antioxidant potent of
the sample. The extract demonstrated
antioxidant activity in all antioxidant activity
assays. Namely, the extract scavenged
DPPH " free radicals with IC50 0.34 mg/mL. It
was more effective than BHT (IC50 0.50
mg/mL.), but less effective than ascorbic acid
(IC50=0.03 mg/mL.) and gallic acid (IC50
0.003 mg/mL.). The extract prevented
bleaching of B-carotene by inhibition of linoleic
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acid peroxidation with Inh% 43. In the TEAC
assay, the extract demonstrated noteworthy
ABTSe+ bleaching activity equivalent to 2.3
mM of Trolox. Such significant activity may be
observed due to phenolic compounds detected
in the extract as reported in Table 2. In the
xanthine/xanthine oxidase system, the extract
demonstrated moderate inhibitory effect
(16.54 %). As can be seen from the
antioxidant activity determination results
(Table 2), the extract of M. sivasense may be
considered as potential source of antioxidant
agents in prevention of oxidative damage. LC-
MS/MS analysis revealed that extract of M.
sivasense contained phenylethanoid
glucosides: forsythoside, verbascoside and
leucoseptoside. It has earlier been reported
that these compounds displayed notable
antioxidant capacity (49). In the literature,
there is increasing evidence that polyphenols
have multiple beneficial effects on preventing
of oxidative damage. The phenol content is
well known to correlate with higher antioxidant
activity in plant extracts (50). The mechanism
by which polyphenols exert their effects is not
fully clarified, but a consensus was reached
that polyphenols protect  membranes,
proteins, and DNA against damage by
scavenging free radicals generated through
oxidative metabolism.

Enzyme Inhibition Assays

Inhibitory Effect of the Extract on Mushroom
Tyrosinase Activity

In scope of the research work, the inhibitory
effect of M. sivasense extract on mushroom
tyrosinase activity was evaluated. The extract
was found to be inactive when tested at a
concentration of 1 mg/mL (Table 2).

Inhibitory Effect of the Extract on Porcine
Pancreatic a-Amylase Activity
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M. sivasense extract was evaluated in vitro for
hypoglycemic activity via inhibition of the
porcine pancreatic a-amylase. As can be seen
in Table 2, the extract demonstrated inhibitory
activity (Inh% 49.67). It seems to be that M.
sivasense can be considered as perspective
potential source of natural phytochemicals
with hypoglycemic effect. Earlier, antidiabetic
phytochemicals from different Marrubium
species have been proved to be effective
agents. The hypoglycemic effect of M. vulgare
extract was clinically documented in patients
with type II non-controlled diabetes mellitus
(51). It was reported, that M. radiatum extract
exerted the strongest activity against a-
amylase and a-glucosidase (52). The
evidenced-based therapeutic usage of many
plants is scarce. Nowadays, there is demand
for new effective and safe natural products
with hypoglycemic property. The efficacy of
known synthetic hypoglycemic products is
debatable. So, the plants reputed for their
antidiabetic effect should be verified either
experimentally or clinically.

Inhibitory  Effect of
Lipoxygenase Activity

the Extract on

Antiinflammatory effect of M. sivasense was
tested with 5-LOX enzyme inhibition system.
Actually, 5-LOX catalyzes the oxidation of
arachidonic acid, produces 5(S)-
hydroxyperoxyeicosatetraenoic acid (5-HETE)
which undergoes dehydration, resulting in the
formation of leukotriene. Enzymatic hydrolysis
of leukotriene, as well as conjugation with
other substances, leads to the formation of
inflammatory mediators.

In the present study, the extract of M.
sivasense was found to be as moderate
inhibitor of 5-LOX with Inh% 18.71 when
tested at 5 mg/mL concentration (Table 2).
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Table 2.The biological activity of M. sivasense extract”.

DPPH°® B- TEAC2 XOD®, a-AMLS, LOX?, TYR®,
) Carotene?, ’ Inh% Inh% Inh% Inh%
ICso Inh% mM
(mg/m
L)
Extract 0.34 43.04 2.3 16.54 49.67 18.71 N/A
Gallic acid 0.003 - - - - - -
Ascorbic acid 0.03 - - - - - -
BHT® 0.50 85.0 - - - - -
Acarbosed - - - - 98.0 - -
NDGA® - - - - - 86.38 -
Allopurinolf - - - 81.02 - - -
Kojic acid? - - - - - - 84.0
*Activity values are presented as results of triplicate experiments n=3, p<0.01; BHT:

butylated hydroxytoluene; N/A: not active; a-AML: a-amylase; LOX: lipoxygenase; TYR:
tyrosinase; NDGA: nordihydroguaiaretic acid; 5the deviation from the mean is <0.01 of the
mean value; Concentrations of the tested sample: 25 mg/mL;?1 mg/mL; 90.5 mg/mL; 90.3

mg/mL; ©0.1 mg/mL; 71.0 mM.

CONCLUSION

The liquid
Marrubium

chromatographic analysis of
sivasense methanol extract
resulted with identification of phenolic
constituents, namely forsythoside B,
leucoseptoside A, verbascoside, alyssonoside,
martynoside, as well as glucosides of
quercetin, apigenin and chrysoeriol, and
coumaroylglucoside of apigenin. Evaluation of
the extract in different model systems
revealed that M. sivasense methanol extract is
good inhibitor of a-amylase enzyme. However,
the extract did not demonstrate noteworthy
effect on 5-LOX, XOD and tyrosinase enzymes.
The data gathered from the current study
support that M. sivasense is a good source of
flavonoid constituents and other bioactive
compounds that might be responsible for the
observed antioxidant and some enzyme
inhibitory activities. These interesting results
encourage further investigation geared
towards the isolation of potent phytochemicals
of different polarity from M. sivasense.
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