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Abstract

The study aimed to determine enzyme inhibitory activities and bioactive features of the methanol
extracts of peppermint (Mentha piperita L.), spearmint (Mentha spicata L.), yarrow (Achillea
millefolium L.), sage (Salvia officinalis L.), yellow cantoron (Hypericum perforatum L.), thyme
(Thymus vulgaris L.), lavender (Lavandula angustifolia Mill.), lemon balm (Melissa officinalis L.) and
echinacea (Echinacea purpurea L.). The methanol extraction was carried at 40 °C for 2 h. The
inhibitory activities of plant extracts on antioxidant and a-glucosidase, a-amylase and lipase enzymes
were determined. The antioxidant activities of these extracts were determined by the methods of DPPH,
ABTS and B-carotene-bleaching test (BC). The results showed that peppermint significantly (p<0.05)
inhibited the activity of a-glucosidase (ICso: 1.18 + 1.079 mg/mL) and DPPH free radical scavenging
activity (ECso: 2.36 £ 0.3). Total phenolic content (TPC) and total flavonoid content (TFC) of the
extracts were between 3.06-31.13 mg gallic acid equivalents (GAE) and 0.58-4.39 ug catechin
equivalents (CE) per g of plant, respectively. It concluded that all the plant materials used in the study

had inhibitory effect on a-glucosidase.
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1. Introduction

Diabetes mellitus is a chronical disturbance defined
by hyperglycaemia. Diabetes can cause a range of
complications, involving many diseases [1].
Postprandial hyperglycemia is nearly associated
with type 2 diabetes. Reducing the digestion and
absorption of carbohydrates to control postprandial
blood sugar is an effective strategy for preventing
diabetes [2]. Miglitol, acarbose and voglibose are
the most common drugs used in the treatment of
hyperglycemia. These medicament s are involved in
reducing the hydrolysis of carbohydrates and
preventing postprandial hyperglycemia in diabetes
mellitus [3]. But, these medicaments may display
some negative impacts [4]. Inhibition of a-amylase,
a-glucosidase and lipase enzymes has an important
strategy in treating diabetes and obesity. Many
studies have shown that o-glucosidase and a-
amylase are effective in the treatment of diabetes by
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managing the assimilation and sorption of glucose
[5]. Since the side effects that occur when synthetic
drugs are used in the prevention of type 2 diabetes
are not found in native compounds obtained from
foods, they may be preferred more [6].

It is well known that some chronic diseases and
illnesses are caused by metabolic oxidative damage
due to an excessive accumulation of free radicals
[7]. On the other hand, antioxidants have most
likely preventive effects against such detriment.
Most of the medicinal and aromatic plants and their
extracts are important antioxidant sources and can
be used in treating and preventing many diseases
[8]. In recent years, the use of traditional natural
herbs and plants has been popular, and now are
commonly available for consumption [9]. This has
led to progressive research on analyzing herbs
conventionally used by regional folk, studying their
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biological activities, and developing new-native
alternate medicine formulations [10].

The aim of this study is to determine a-amylase, a-
glucosidase and lipase inhibition activity, and
antioxidant, total phenolic and total flavonoid
contents of the methanol extracts obtained from
nine medicinal and aromatic plants [peppermint
(Mentha piperita L.), spearmint (Mentha spicata
L.), yarrow (Achillea millefolium L.), sage (Salvia
officinalis L.), yellow cantoron (Hypericum
perforatum L.), thyme (Thymus vulgaris L.),
lavender (Lavandula angustifolia Mill.), lemon
balm (Melissa officinalis L.) and echinacea
(Echinacea purpurea L.)].

2. Materials and Method
2.1. Materials

Peppermint (Mentha piperita L.), spearmint
(Mentha spicata L.), yarrow (Achillea millefolium
L.), sage (Salvia officinalis L.), yellow cantoron
(Hypericum perforatum L.), thyme (Thymus
vulgaris L.), lavender (Lavandula angustifolia
Mill.), lemon balm (Melissa officinalis L.) and
echinacea (Echinacea purpurea L.) were harvested
from a farm field of Agricultural Research and
Application Centre at Erciyes University (Kayseri,
Turkey) in July. The material was open air dried at
room temperature (~25 °C) for about 15 days
without direct exposure to sunlight. Water was
purified using a Millipore Simplicity 185 system
(Merck, Darmstadt, Germany). The a-glucosidase,
a-amylase and lipase were obtained from Sigma
Aldrich Co. (St. Louis, MO, USA). The chemical
substances, standards and other materials used in the
work were of analytical grade and purchased from
Sigma Aldrich Co. (St. Louis, MO, USA).

2.2. Methods
2.2.1. Extraction

The dried plant materials were chopped into small
pieces and pulverized into a fine powder by using
grinder. The plant materials (20%, w/v) were
extracted with methanol in a shaking water bath
(Nuve ST30, Turkey) at 40 °C for 1 h. The resulting
mixture was passed through a coarse filter paper.
The remaining portion of the filter paper again was
extracted with methanol (100 mL) in a shaking
water bath at 40 °C for 1 h. Each sample was
transferred to the extracts previously collected in a
balloon flask. All extracts were completed to 200
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mL with methanol and stored at -18 °C until

analysis.
2.2.2. Total phenolic content

Total phenolics contents (TPC) of the extracts were
determined using the method of Singleton et al.
(1998) [11]. A 2 mL of 10-fold diluted Folin-
Ciocalteu's phenol reagent was mixed with 0.4 mL
diluted extract or gallic acid solution (20-100
mg/L). A 1.6 mL sodium carbonate solution (7.5%,
w/v) was added into the above mixture. After
incubation at room temperature for 1 h, the
absorbance was read at 765 nm using a
spectrophotometer (Model UV-1700, Shimadzu
Corp., Kyoto, Japan) and the results were expressed
as mg gallic acid equivalent (GAE) per g of sample.

2.2.3. Total flavonoid content

Total flavonoid content (TFC) was determined
using a colorimetric method [12]. In brief, aqueous
methanolic extracts or catechin solutions (1 mL),
distilled water (4 mL), 5% NaNO; (0.3 mL) and
10% AICI; (0.3 mL) were mixed consecutively.
After incubating the mixture for 6 min, 1 M NaOH
(2 mL) was added and the volume was made up to
10 mL with purified water. The absorbances were
measured at 510 nm by a spectrophotometer. Six
different concentrations of catechin solutions (15—
200 mg/L) were used for calibrations. The results
were expressed as g catechin equivalents (CE) per
g of sample.

2.2.4. Radical scavenging activity by DPPH

DPPH assay was determined according to method
of Singh et al. (2002) [13]. Briefly, a 0.1 mL of
diluted extract solution was mixed with 3.9 mL of a
25 mg/L methanolic solution of DPPH and this
mixture was vortexed for 10 s. After 30 min of
incubation at room temperature, absorbance was
measured at 515 nm using UV-Vis
spectrophotometer (Agilent 8453, USA) versus
prepared blank (methanol). The results were
expressed as ECsp value which is defined as amount
of sample necessary to decrease initial DPPH
concentration by 50%. ECso was expressed as gram
of plant to gram of DPPH.

2.2.5. Antioxidant capacity by ABTS

The antioxidant capacity was determined by another
radical called ABTS [14]. The solutions of ABTS
(2.45 mM) and K>S;0g (12.25 mM) were mixed and
incubated in darkness for 16 h to obtain stock
solution of ABTS radical. The absorbance of the
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ABTS solution was adjusted to 0.700 + 0.005 at 734
nm just before the application of the assay. Extracts
(20 puL) and ABTS solution (2 ml) were mixed and
incubated in a darkness for 6 min. Trolox standards
(40-200 mg/L) were prepared and reacted with
ABTS as stated above in order to generate a linear
regression equation. The absorbances were
measured by a spectrophotometer at 734 nm. The
results were given as mg Trolox equivalent per 100
g sample.

2.2.6. Anti-oxidant activity by [-carotene-linoleate

B-Carotene bleaching assay (BC) was determined
according to method of Singh et al. (2002) [13]. 0.2
mg of B-carotene, 20 mg of linoleic acid and 200
mg of Tween-40 were dissolved in 0.2 mL
chloroform. After removing chloroform under
nitrogen flush for 5 min, 10 mL demineralized
water was added with vigorous stirring to form an
emulsion. Four milliliter of this solution was added
to each tube containing 0.2 mL of diluted samples.
The control samples were prepared by adding 0.2
mL of distilled water instead of samples.
Absorbance was measured at 470 nm using UV-Vis
spectrophotometer (Agilent 8453, USA) versus
prepared blank which was prepared as B-carotene
emulsion but without adding B-carotene. Mixtures
were incubated at 50 °C in a water bath until the
control sample was bleached (120 min). Tubes were
cooled to room temperature and absorbance was re-
measured. Final results were expressed as percent
inhibition in B-carotene assay. B-Carotene-bleaching
assay (BC) was using the following equation (1):

AU - Ar
AAY% =100|1— 0
Ag—A; @

where 4o is the absorbance of test sample at the zero
time; AJ is absorbance of control sample at the zero
time; 4: is absorbance of test sample at 120 min;

and 4 is the absorbance of control sample at 120
min.

2.2.7. Assays of a-amylase, o-glucosidase and
lipase

The activities of a-amylase and a-glucosidase [15],
and lipase [16] were determined by a combination
of enzymatic and colorimetric methods.

For a-glucosidase assay, 1250 uL 67 mM KH3PO4
(pH = 6.8), 50 pL diluted extract and 50 pL a-
glycosidase solution (0.2 U/mL) were incubated at
37 °C in a water bath for 5 min. The reaction was
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started with the addition of 125 pL 10 mM 4-
nitropheyl o-D-glucopyranoside solution. The
reaction was stopped at 20 min with the addition of
2000 uL 0.1 M NapCOs;. The absorbance was
measured at 400 nm.

For the o-amylase assay, 0.5 mL 1% (w/v) potato
starch solution (Sigma Aldrich), 0.5 mL diluted
extract and 0.5 mL 20 mM NaH;PO4 (pH = 6.9)
were mixed and incubated at 37 °C for 5 min. The
reaction was started with the addition of 0.5 mL a-
amylase solution (0.5 U/mL). The reaction was
stopped at 30 min with the addition of 0.5 mL color
reagent containing equal volume of 5.31 M sodium
potassium tartrate solution in 2 M NaOH and 96
mM 3,5-dinitrosalicylic acid solution. The mixture
was sealed and kept on a boiling water bath for 10
min. The absorbance of the resulting orange-red
colored solution was measured at 540 nm.

For the lipase assay, 800 puL 100 mM Tris buffer
(pH =8.2), 100 pL diluted extract and 300 pL lipase
solution (10 mg/mL) were mixed and incubated at
37 °C for 2 hour. The reaction was started with the
addition of 800 pL 4-nitrophenyl laureate solution
(300 pg/mL). The absorbance of the resulting
yellow colored solution was measured at 400 nm.

The above mentioned 3 assays were carried out in
the presence of the extracts to determine their
inhibition activities with the related key enzymes.
The control (acarbose, orlistat) and blank (pure
water) samples for each enzymatic assay were
prepared in the same way by excluding the extract
and the enzyme, respectively.

(Abscantral - Absg.xtract)

x 100
Abs

)

where AbsScontror = absorbance of the control, and
Absexract = absorbance of the solution containing
extract.

Enzyme inhibition (%) =
control

Standard curves were prepared using concentrations
of phenolics in the extracts against enzyme
inhibition (%) values (2). Final results were
calculated from the curves and expressed as ICso
values, the phenolic concentration of extract
providing 50% inhibition of the enzymes’ activities.

2.3. Statistical analysis

All experiments and analyses were performed in
two repetitions and two parallel and the results were
expressed as mean * standard deviations. Analysis
of variances (ANOVA) and a post hoc tests (Tukey)
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were applied to the data at a significance level of
p<0.05 using SPSS 22.0 (Version 22.0, SPSS Inc.,
Chicago, IL, USA) program.

3. Results and Discussion

3.1. Total phenolic content and total flavonoid
content

TPC of all plant extracts are expressed in Table 1.
The TPC of the extracts ranged from 3.06 to 31.13
mg GAE/g. There was a significant difference
(p<0.05) between the TPC of some extracts. Among
extracts, the highest TPC was found in peppermint.
On the other hand, echinacea showed the lowest
TPC which was ~10 fold lower than peppermint.
TFC of the extracts ranged from 0.58 to 4.09 g
CE/g. The changes in flavonoid content of all
extracts were statistically significant (p<0.05).
Peppermint had the highest flavonoid content while
the lowest was in Echinacea (Table 1). Yellow
cantoron and sage also had high levels of TFC
compared to other plant extracts. As shown in Table
1, linear relations were evaluated between TFC and
TPC of leaves. The TFC and TPC of peppermint,
yellow cantoron and sage were 4.09, 1.82, 2.33 ug
CE/g and 31.13, 2459, 21.75 mg GAE/g
respectively. These differences were statistically
significant (p<0.05). This is an expected case due to
the fact that flavonoids are one of the major
phenolic compounds.

TPC content of peppermint (31.13 mg GAE/qQ)
determined in our study was competitively similar
to and within the range of 29.42 [17] and 40.7 mg
GAE/g [18]. Yi and Wetzstein (2010) reported on
the TPC levels of the Lamiaceae plant family

including thyme (20.7 mg GAE g'!), rosemary (10.2
mg GAE ¢!), sage (15.1 mg GAE g!), spearmint
(19.0 mg GAE g¢g'), and peppermint (22.4 mg GAE
g ') which were showed similar to our results [19].
Karadag (2019) found similar TPC levels of sage
(21.13 mg GAE/g), lemon balm (16.89 mg GAE/qQ)
and spearmint (16.37 mg GAE / g) [20]. All these
results were relatively similar to the results in this
study.

3.2. Antioxidant activity

The results of antioxidant activity of plant extracts
were expressed using the term ECso (Table 2). The
lower EC5, the higher antioxidant activity.
Statistically significant differences (p<0.05) were
observed between some extracts in their antioxidant
activity. Of the nine plant extracts studied,
peppermint (2.36 g of plant/g of DPPH), yellow
cantoron (2.9 g of leaf/g of DPPH) and sage (4.06 g
of plant /g of DPPH) exhibited the highest values of
antioxidant activity while the lowest was observed
in echinacea, yarrow, lavender (29.91, 23.05 and
19.1 g of plant /g of DPPH respectively). As seen in
Table 2, B- carotene bleaching method (BC), ranking
of the extracts with respect to their antioxidant
activity was the same to the level obtained from
DPPH assay. The BC of plants ranged from 31.80 to
59.08%. The sage showed the best in this assay with
59.08%, and this was followed by thyme and
spearmint.  Statistically significant differences
(p<0.05) were found between the extracts in ABTS
assay and DPPH activities (Table 2). However,
thyme showed higher antioxidant capacity than
peppermint in ABTS test. The different reaction
mechanisms of the assays may affect the antioxidant
results.

Table 1. Total phenolic contents and total flavonoid content of plant extracts

Plant extracts

TPC (mg GAE/Q)

TFC (ug CE/g)

Sage 21.75P4 + 0.05
Yarrow 5.66+1.12
Echinacea 3.06% £0.98
Thyme 15.65+4.11
Lavender 4.82% + 0.65
Lemon balm 13.4%c+ 2 71
Spearmint 12.85% + 1.49
Peppermint 31.139+1.85
Yellow cantoron 24.59% + 4,22

2.33°+0.13
0.75%+0.01
0.582+0.01
1.04+0.01
0.81%+0.01
1.28°+ 0.001
1.69¢+0.11
4,097+ 0.04
1.82¢+0.08

GAE: gallic acid equivalent, CE: catechin equivalent; TPC: total phenolic content, TFC: total flavonoid content. Values that are
followed by different letters within each line are significantly different (p < 0.05).
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Table 2. Antioxidant activity of plant extracts

DPPH ABTS

Plant extracts ECso (g /g DPPH) (mg TEAC/Q) BC (AA%) (mg GAE/L)
Sage 4.06% + 0.20 44479+ 0.74 59.08°+6.11
Yarrow 23.05°+5.73 19.69% + 2.89 35.06% + 1.80
Echinacea 29.91°+10.11 5.742+ 0.7 41.59 + 4.64
Thyme 14.57%c+ 3,82 73.33%+ 222 47.27%+ 2.16
Lavender 19.1bc+ 255 12.918+ 1,50 16.81°+ 0.94
Lemon balm 5.4%+ 0.6 31.44+2.14 41.46+ 0.83
Spearmint 5.77% + 0.26 34.13+ 3.9 47.48"+ 4.18
Peppermint 2.362+ 0.3 64.42° + 2.26 39.73%+2.72
Yellow cantoron 2.9+ 0.7 53.63¢+ 2.2 31.80% + 6.93

Values that are followed by different letters within each line are significantly different (p < 0.05). TEAC: Trolox equivalent

antioxidant capacity; GAE: gallic acid equivalent.

Albayrak et al. (2013) determined antioxidant
activity of the Lamiaceae family species such as
peppermint, thyme, lemon balm, basil, rosemary
and sage. Methanolic extracts of thyme, lemon
balm, basil, sage and peppermint were found ECso
= 21.91, 20.16, 41.80, 15.05 and 17.91 pg/mL,
respectively [21]. Our results showed that the
studied plants displayed important antioxidant
properties. These effects are associated with the
grades of total bioactive components from the plant
extracts since it was also previously shown that
there is a potent relation among total bioactive
components and antioxidant features [22].

3.3. a-Glucosidase inhibition activity

None of the extracts showed inhibition against o-
amylase and lipase enzymes. All extracts showed
inhibition activity against a-glucosidase. Although
there was a difference between peppermint,
spearmint, yellow cantoron and sage in TPC, these
extracts showed statistically no significant
differences (p>0.05) in inhibition activity against a-
glucosidase (Table 3). The antidiabetic activity of
extracts determined as ICsp ranged from 1.18 to
4745 mg/mL. The lower ICsy the higher
antidiabetic activity. Peppermint (1.18 mg/mL)
exhibited the highest values of «a-glucosidase
inhibition activity and this was followed by
spearmint, yellow cantoron and sage (Table 3).
These results show that plants and their parts are
important to overcome metabolic diseases including
diabetes. Nine plant extracts have shown a great
potential of a-glucosidase inhibitor.

Cam et al. (2020) reported that the peppermint and
spearmint extracts obtained using pressurized water
extraction have a-glucosidase inhibition activity

31

determined as 0.6 and 1.2 mg phenolic/mL [23].
Pavli¢ et al. (2021) showed that the peppermint
essential oil obtained by different techniques has an
inhibitory effect on a-amylase and a-glucosidase
enzymes [24]. When comparing these results with
our results, it can be speculated that the extraction
method and the level of essential oil may affect the
degree of inhibition activity. In our study, no
inhibitory effect of sage against a-amylase and
lipase was found, while Ercan and El (2018)
showed that sage had the inhibitory activity against
a glucosidase, a-amylase and lipase. This different
may be due to the pure use of carnosic acid content
in the study of Ercan and El (2018) [25].

Gongalves (2017) reported that the methanolic
extracts of the four aromatic plants showed
significant inhibitory activity against a-glucosidase,
but there was a weak activity against a-amylase
[26]. The choosing inhibition of a-glucosidase is a
chosen influence for plant extracts to control
glucose grasp [27]. In fact, the plant extracts of
numerous plants, including conventionally used
plants were noticed to apply potent inhibition for a-
glucosidase and insignificant effect for a-amylase
activity [28]. Similarly all extracts did not affect a-
amylase activity while inhibiting a-glucosidase
enzyme.

Flavonoids have inhibitory potential against to
lipase. The result indicated that plants rich in
flavonoids would have a great potential of inhibiting
lipase effectively [29]. It can be speculated that the
extracts a not rich in TFC do not show lipase
inhibitory effect, in our study.
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Table 3. a-Glucosidase inhibitor activities of plant extracts

Plants extracts 1Cs0 (mg/mL) ICso (Mg phenolic/mL)
Sage 6.412+ 0.28 0.14%+ 0.07

Yarrow 30.78°+ 3.75 0.812+0.01

Echinacea 47.45°+0.03 0.152+0.01

Thyme 12.41%+ 3.17 0.232 £ 0.06

Lavender 25.39%+ 7.1 0.122+0.04

Lemon balm 14.77%+ 4.9 0.22+0.07

Peppermint 1.182+1.079 0.042+0.03

Spearmint 1.45% +0.28 0.072+0.02

Yellow cantoron 3.322+£0.02 0.082+0.02

Values that are followed by different letters within each line are significantly different (p < 0.05). 1Cso: The amount of substance

that inhibits enzyme activity by 50%.

Table 4. Correlation coefficient among the levels of analyzed parameters

TPC TFC ECso ICso ABTS BC
TPC 1 0.83" 077 -0.88™ 0.94% 0.36
TFC 1 -0.71™ -0.72™ 0.69" 0.26
ECso 1 0.85™ -0.63™ -0.30
ICso 1 -0.84™ -0.23
ABTS 1 0.26
BC 1

** = correlation is significant at the p< 0.01. TPC= total phenolic content; TFC= total flavonoid content; C= - carotene bleaching
assay; ABTS=Antioxidant capacity; ECso= antioxidant activity; ICso= a-glucosidase inhibition

3.4. Correlation

Pearson’s correlation coefficients between the
means of each variable were established in our
study. Statistically significant (p<0.01) correlation
coefficient were observed among several bioactive
compounds obtained in this study (Table 4).

As expected, the highest correlation coefficient
were found between TPC and ABTS values
(R?>=0.94). Phenolic compounds seem to be the main
class of phytochemicals in nine medicinal plants.
These secondary metabolites could be responsible
for an antioxidant potential. The correlation
coefficient between phenolic compounds and
antioxidant (ECso) and o- glucosidase inhibition
(ICso) activity was found to be R?=-0.77 and -0.88
respectively. This means that the phenolic
compounds of the plants extracts contributed by
77% and 78% to their antioxidant and a-glucosidase
inhibition activities respectively.

The positive correlations between  phenolic
compounds and antioxidant activities in our study
are similar to the results of previous studies [30].
Strong correlations were also observed between
antioxidant activity and flavonoid compounds (71%,
69%) and a-glucosidase inhibition activity (72%).
Due to the low correlation coefficients of BC, it
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cannot be said BC did not play an important role on
antioxidant and a-glucosidase inhibition activities.

4. Conclusions

Overall, the plants of the present study were rich in
total phenolics. Furthermore, all the extracts
exhibited antioxidant activity and inhibitory
potential against a-glucosidase in vitro. Therefore,
the plants could be used as alternative source to
synthetic antioxidants and drugs for treatment some
disease due to their high biological activity. Further
in vivo and in vitro studies are necessary to provide
better knowledge to reveal more information on the
mode of action mechanism how the endogenous
antioxidant and phenolic compounds of these
extracts may prevent oxidative damage.
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