TRENDS IN SCIENCES 2023; 20(1): 3583 RESEARCH ARTICLE
https://doi.org/10.48048/tis.2023.3583

Phytochemicals and Antidiabetic, Antioxidant and Anti-inflammatory
Activities of Ethanol Flower Extract of Syzygium aromaticum (L.)
Merr. & Perry (Myrtaceae)

Nopparat Buddhakala!, Butsara Yongkhamcha?,
Sukhan Rattanaloeadnusorn®™ and Chusri Talubmook?

!Division of Biology, Faculty of Science and Technology, Rajamangala University of Technology
Thanyaburi, Pathum Thani 12110, Thailand
2Department of Biology, Faculty of Science, Mahasarakham University, Maha Sarakham 44150, Thailand

("Corresponding author’s e-mail: sukhan@mail.rmutt.ac.th)
Received: 6 April 2022, Revised: 24 July 2022, Accepted: 31 July 2022, Published: 20 November 2022

Abstract

Syzygium aromaticum (L.) Merr. & Perry is a spice that has been used traditionally for centuries to
preserve food and treat for a number of ailments. This research was carried out to analyze phytochemicals
and to determine antidiabetic, antioxidant and anti-inflammatory activities of 95 % ethanol flower extract
from S. aromaticum (FESA). The GC-MS analysis demonstrated the presence of 17 bioactive compounds
in FESA, with eugenol (56.17 %) the most active compound. Antidiabetic activity study revealed that the
inhibitory activity of the FESA against a-glucosidase enzyme was stronger than the activity of Acarbose,
an antidiabetic drug. In addition, the FESA exhibited potent antioxidant activity by inhibiting 2, 2- diphenyl-
1-picrylhydrazylhydrate (DPPH) free radicals higher than butylated hydroxyltoluene (BHT), a synthetic
antioxidant. Furthermore, the FESA potentially inhibited the nitric oxide (NO) production in
lipopolysaccharide (LPS)-induced RAW 264.7 cells but less effective than Diclofenac, a non-steroidal anti-
inflammatory drug. The activities of FESA are partly due to the presence of active compounds. The results
obtained confirm the antidiabetic, antioxidant and anti-inflammatory properties, and the traditional used of
S. aromaticum for the treatment of diabetes and oxidative and inflammatory-related diseases.
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Introduction

Syzygium aromaticum (L.) Merr. & Perry or clove is a traditional spice that has been used in several
Asian countries as food preservative and traditional medicine for treatment of various diseases, such as
flatulence, indigestion, diarrhea, dental disorders, respiratory disorders, headache, and sore throat [1-3]. It
is rich in phenolic compounds and contains various phytochemicals [4]. Its main bioactive compound is
eugenol [5-7]. The n-hexane extract from its buds comprises 16 volatile compounds, with eugenol and
eugenol acetate the most and second most dominant compounds [8]. In addition, its supercritical extract of
buds and the methanol extract of flowers consist of non-phenolic compounds and phenolic compounds,
especially eugenol [9,10]. The dominant phytochemicals in clove oil have also been reported to be eugenol,
eugenol acetate and [3-caryophyllene [11-14]. S. aromaticum has been demonstrated to possess antidiabetic
property. Dietary supplementation with its bud powder reduces blood glucose level in streptozotocin (STZ)-
induced Type 2 diabetic rats, and inhibits the a-glucosidase activity in rats [15]. Its extract has been shown
to exhibit the glucose-lowering effect [16], antidiabetic effect on the STZ-induced diabetes rats [17], lowers
the blood glucose levels in Type 2 diabetic KK-Ay mice [18] and reduces the blood glucose in STZ-induced
diabetic rats [19]. S. aromaticum-derived oleanolic acid also lowers blood glucose in experimental diabetes
mellitus [20]. Its polyphenols has been reported to inhibit the a-glucosidase activity as well [21]. The
antihyperglycemic effect of S. aromaticum is attributable to its inhibitory action against a-glucosidase [22].
S. aromaticum is rich in antioxidant compounds [23] and thus could be used as an alternative to chemical
preservatives [24,25]. Its extract exhibited the highest antioxidant activity among a variety of extracts from
Thai medicinal plants [26]. The extracts and flavonoids from its buds showed strong antioxidant activity
against DPPH radical scavenging activity [5,27]. Its essential oil also possesses high antioxidant activity
with effective scavenging on DPPH and 2, 2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid, ABTS
[12,28,29]. Its oil [30], ethanol extract [8] and supercritical extract [9] of buds have been reported to display
the antioxidant activity comparable to butylated hydroxyl toluene (BHT), a synthetic antioxidant. Its



Trends Sci. 2023; 20(1): 3583 20f11

antioxidant activity higher than BHT has also been reported [31-33]. Furthermore, S. aromaticum has also
been revealed to have anti-inflammatory [34-36].

Most existing studies on pharmacological activities of S. aromaticum have been performed using its
essential oil, eugenol and the 50 - 80 % ethanol extracts. This study was therefore carried out to determine
the phytochemicals, a-glucosidase inhibitory activity, DPPH radical scavenging activity, and inhibitory
activity on NO production of 95 % ethanol extract from S. aromaticum flowers. The results obtained from
this research can be helpfully confirmed the traditionally used of S. aromaticum and elucidate the
underlying mechanisms of its activities.

Materials and methods

Plant materials

The plant part used in this study was dried unopened flowers of Syzygium aromaticum (L.) Merr. &
Perry (Myrtaceae) purchased from Vejapong Osod, a medicinal plant supplier in Bangkok, Thailand. The
sample flowers were authenticated by Dr. Panarat Thongpoem of the Royal Forest Department, Thailand’s
Ministry of Natural Resources and Environment. The specimen under the registration identification code
RMUTT/SC/BIO/SA2020-001 has been deposited in the library of the Division of Biology, Faculty of
Science and Technology, Rajamangala University of Technology, Pathumthani, Thailand.

Preparation of plant extract

The S. aromaticum flowers were cleaned thoroughly with running tap water, dried in the shade and
oven-dried. The dried flowers were ground into powder. The maceration extraction was carried out using
95 % ethanol as solvent solution whereby 400 mL of 95 % ethanol was added into 100 g of the powder and
retained for 7 days at room temperature with periodic stirring. Afterward, the mixture was filtered using
clean muslin cloth, followed by Whatman filter paper No.1. The filtrates were evaporated at 50 °C using a
rotary evaporator (Heidolph Laborota 4000, Germany). The concentrated extract was transferred to glass
Petri dishes and oven-dried at 40 - 50 °C until the paste-like mass was formed. The crude ethanol flower
extract of S. aromaticum (FESA) was kept in air tight bottles and stored at —20 °C.

Determination of phytochemicals

The phytochemicals of the EFSA was analyzed using gas chromatography-mass spectrometry (GC-
MS). The analysis was carried out using Stabilwax column (30 m x 0.25 mm and the film thickness of 0.25
pum) with the inlet temperature and the spit ratio of 250 °C and 50:1, the initial oven temperature at 45 °C
held for 2 min before ramping up to 250 °C at 7 °C/min, and maintained at 250 °C for 25 min. The carrier
gas was helium with a flow rate of 1.0 mL/min. The mass spectrometer was operated in electron ionization
with acquisition mode scan of 35 - 500 amu. The temperatures of the ion source and transfer line were
maintained at 250 °C. The GC-MS was carried out by injecting 1 pL of FESA in 0.1 % absolute methanol.
The chemical compounds in FESA were identified by comparison with retention times of standards, and
the mass spectra obtained were compared to those recorded in the National Institute of Standards and
Technology (NIST) library (NIST11-Mass Spectral Library, 2011 version) with an acceptance criterion of
a match above a critical factor of 80 % [45].

Determination of antidiabetic activity

The in vitro a-glucosidase inhibition assay of FESA was carried out according to Dong et al. [46]
with slight modifications. Briefly, a volume of 60 uL of sample solution and 50 puL of 0.1 M phosphate
buffer containing a-glucosidase solution (0.2 U/mL) in 96-well plate was incubated at 37 °C for 20 min.
After pre-incubation, 50 pL of 5 mM p-nitrophenyl- a-D-glucopyranoside (PNPG) solution in 0.1 M
phosphate buffer solution was added to each well and incubated at 37 °C for another 20 min. A volume of
160 uL of 0.2 M Na,COs was added to terminate the reaction. The absorbance reading was recorded at 405
nm by using micro-plate reader and compared to control which had 60 pL of buffer solution in place of the
sample. For blank incubation, enzyme solution was replaced by the buffer solution and absorbance was
recorded. The a-glucosidase inhibitory activity was expressed as % inhibition and was calculated using the
following equation:

% |nh|b|t|0n = [(AbS blank'AbS sample)/AbS blank]xloo

where ADs piank is the absorbance of control without test solution (FESA or Acarbose) and AbS sample iS
absorbance of sample with test solution (FESA). Acarbose, a positive control of a-glucosidase inhibitor
was assayed as well.
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Determination of antioxidant activity

Antioxidant activity of the FESA was determined spectrophotometrically using 2, 2-diphenyl-2-
picrylhydrazylhydrate (DPPH) radical scavenging assay, estimated by the reduction of the reaction color
of DPPH solution and sample extracts. In the assay, the antioxidant compounds reduce the free radicals by
donating hydrogen, resulting in color change from deep violet to light yellow. The DPPH radical
scavenging activity of the FESA was measured according to Nassar et al.[8] with slight modifications. The
FESA 25, 50, 100, 200 or 400 pg/mL prepared by dissolving the FESA in ethanol was added to solution of
DPPH in ethanol. The mixtures were shaken vigorously and left to stand at room temperature in a dark
place for 30 min. After 30 min, the absorbance at 517 nm was recorded as Abs sample using an
ultraviolet/visible (UV/VIS) spectrophotometer. The experiment was carried out in triplicate. The synthetic
antioxidant agent, BHT was uesd as positive control, and 95 % ethanol as negative control. The radical
scavenging activity was expressed as percentage DPPH radical scavenging and was calculated using the
following equation:

DPPH radlcal ScaVenglng (%) = [(AbS negative control ~ AbS sample)/AbS negative control]xloo
where ADS negative control 1S the absorbance of 95 % ethanol and AbSsample is the absorbance of FESA or BHT.

Determination of anti-inflammatory activity

The anti-inflammatory activity of FESA was determined by measuring nitric oxide (NO), a pro-
inflammatory mediator, in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophage cells after treating
with FESA. To ensure that the RAW?264.7 cells were healthy, and the concentrations of the FESA were not
toxic to the cells (cell viability of the RAW?246.7 cells > 80 %), cytotoxicity was determined.

Determination of cytotoxicity

In this study, the determination of cytotoxicity was carried out using 3-[4, 5-dimethylthiazol-2-yl]-
2,5 diphenyl tetrazolium bromide (MTT) assay, a colorimetric assay which is based on the conversion of
MTT solution into insoluble formazan by living cells. The RAW264.7 macrophage cells, purchased from
the American Type Culture Collection (ATCC®TIB-71™ USA) were used. The cells (1x10° cells/well)
were cultured in 96-well plate containing Dulbecco’s modified Eagle’s medium (DMEM; ATCC® 30-
2002™ USA), supplemented with 5 % fetal bovine serum and 1 % antibiotics penicillin-streptomycin, and
incubated for 24 h at 37 °C in a 5 % CO- incubator. After 24 h incubation period, the cultured medium was
removed from each well, washed with PBS and replaced with a fresh medium containing LPS (1 pg/mL).
The cells were treated with the FESA solution (25, 50, 100, 150, 200, 250, 500, 750 and 1000 pg/mL) in a
volume of 200 pL/well and incubated in a 5 % CO; incubator at 37 °C for 24 h. After 24 h, the cultured
medium was replaced with a fresh medium. Subsequently, a volume of 50 pL/well of 5 mg/mL MTT
solution in PBS was added into each well and incubated at 37 °C for 24 h. The solutions in the plates were
removed and the formazan was solubilized by adding 100 pL of DMSO and shaken gently for 15 min.
Finally, an absorbance of the solubilized formazan was measured. The cell viability was determined by
absorbance reading at 570 nm using the micro-plate reader (Multiskan Go, Thermo/Scientific, the
Netherlands). The percentage of cell viability is calculated by the following equation,

% Ce" Vlablllty = (AbS sample / AbS negative control )X].OO
where ADS negative control 1S the absorbance of negative control (PBS) and AbSsample iS the absorbance of FESA.

The FESA with non cytotoxic concentrations selected (25-250 pg/mL) was used for subsequent
experiments.

Determination of NO production

NO in the biological matrix is very unstable and rapidly oxidizes to nitrite (NO;"), thus the
measurement of nitrite is routinely used as an index of NO production. In this research, determination of
NO production was performed by measuring nitrite concentrations in the cultured medium using Griess
assay, a technique commonly used to quantify NO. The basic reaction involves reacting of the Griess
reagent, consisting of sulphaniliamide and N-1-napthylethylenediamine dihydrochloride (NED), to form a
stable azo compound.

In the nitrite concentration analysis, the RAW?264.7 cells were cultured in DMEM medium with PBS
in 96-well plate. LPS (1 pg/mL) was added to each well prior to adding the FESA (25 - 250 pug/mL). The
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plate was incubated in the 5 % CO; incubator at 37 °C for 24 h. After the incubation period, the cultured
medium was collected and transferred to a new plate followed by the addition of Griess reagent. Absorbance
was measured at 570 nm using the micro-plate reader (Multiskan Go, Thermo/Scientific, the Netherlands).
The percentage of NO production is calculated by using the following equation and compared to Diclofenac
(50 pg/mL).

% NO prOdUCtIOH = (AbSSample /AbS negative control)xloo

where ADS negative control 1S the absorbance of negative control (PBS) and AbSsample i the absorbance of FESA
or Diclofenac.

Statistical analysis

The results were expressed as mean + standard error mean (SEM). Analysis of variance (ANOVA)
followed by Least Significant Difference (LSD) and Student’s t-test were applied to measure the degree of
significance for 95 % significance level (p < 0.05).

Results and discussion

Phytochemicals

The GC-MS analysis of the FESA indicated 17 distinct peaks at the retention time of 15.74,
18.46, 18.82, 19.67, 20.18, 20.66, 22.30, 24.03, 25.77, 30.43, 31.18, 32.90, 33.51, 34.39, 34.96,
37.47, and 37.6. The first compound identified in the shortest retention time (15.74 min) was
alpha-copaene (0.73 %), while ethyl linoleate (0.15 %) was the last compound identified with the
longest retention time (Figure 1). The analysis results showed that eugenol (56.17 %) was the
most dominant bioactive compound in the FESA, followed by aceteugenol (21.40 %), trans-
caryophyllene (12.95 %), and a-humulene (1.60 %). Table 1 tabulates the 17 phytochemicals
along with the retention time (RT), compound name, peak area, peak height, and relative
abundance (%).
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Figure 1 GC-MS chromatogram of the phytochemicals in FESA.
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Table 1 Phytochemicals identified in the FESA by using GC-MS.

Relative

No. RT(min) Compound Name Peak Area Peak Height Abundance
(%)
1 15.74 a-Copaene 176067140.43 59949867.12 0.73
2 18.46 Trans-Caryophyllene 3111273125.74 778974963.03 12.95
3 18.82 Bicyclo [7.2.0] undecane,10,10-dimethy 12,6-bis (methylene)-, 22840293.90 8096465.74 0.10
4 19.67 Humulen-(v1) 35606187.71 11647722.09 0.15
5 20.18 a-Humulene 385234065.59 125031274.85 1.60
6 20.66 a-Amorphene 36187802.22 11842390.37 0.15
7 2230  é-Cadinene 224062896.41 70559502.99 0.93
8 24,03 1S, Cis-Calamenen 47959218.19 15973957.19 0.20
9 25.77 4(1H)-Azulenone, octahydro-1-methylene-, trans 45201819.16 14448150.44 0.19
10 3043 ﬂ:f;gffexr'ﬁgﬁgﬁ‘ggo"2’3’4'43'5'6’7’8'0Ctahydr°' 3500333051  10387917.19 0.15
11 31.18 Phenol, 2-methoxy-4-(2-propenyl)- (Eugenol) 13490389902.45  2582758005.59 56.17
12 32.90 Phenol, 2-methoxy-4-(2-propenyl)-, acetate (Aceteugenol) 5139724330.39 1360450022.68 21.40
13 33.51 Tetracyclo[6.3.2.0(2,5).0(1,8)]tridecan-9-ol, 4,4-dimethyl- 83587949.74 28751363.68 0.35
14 3439  Chavicol 143743454.98 43555936.43 0.60
15 34.96 (-)-Caryophyllene oxide 84059257.09 27659168.03 0.35
16 37.47 2',3',4' Trimethoxyaceto-phenone 49470116.92 15149287.35 0.21
17 37.69 Ethyl linoleate 36950236.41 12181237.40 0.15

The GC-MS analysis of the FESA revealed eugenol the most dominant bioactive compound. This
finding is in line with previous studies [9,10,47,48,50]. Meanwhile, ketones and anthraquinones are the
main bioactive compounds in the clove flower bud extract have also been found [2]. Differences
phytochemicals in the FESA have been reported to depend on the environment, geography of the cultivated
area, the storage conditions and extraction methods used [51,52]. Phytochemicals have their own specificity
and functions. Phytochemicals such as eugenol, aceteugenol, a-amorphene, a-capaene, ethyl linoleate, and
a- humulene, a-caryophyllene to be responsible for antidiabetic, antioxidant and anti-inflammatory
activities have been documented [53-63]. According to the biological properties of phytochemicals as above
and due to the presence of these phytochemicals in FESA, indicate that the FESA can be used as a natural
source of a-glucosidase inhibitors and anti-inflammatory and antioxidant agents.

Antidiabetic activity

The in vitro enzymatic model revealed that the FESA significantly inhibited a-glucosidase activity
and was concentration dependently, as shown in Figure 2. By comparison, given the same concentrations
of 0.63, 1.25 and 2.50 mg/mL, the inhibitory activity of the FESA were 47.63+3.26, 55.44+3.57 and
59.27+3.06 %, respectively and higher than those of Acarbose (14.25+3.78, 29.30+4.14 and 40.64+3.73
%, respectively).

Diabetes mellitus (DM) is a chronic metabolic disease characterized by hyperglycemia and associated
with abnormalities in carbohydrate metabolism [64]. The number of diabetic patients globally is estimated
to reach 693 million by 2045, with 90 % of them suffering from Type 2 DM [65]. The common practice
to regulate blood glucose in patients with Type 2 diabetes mellitus is to inhibit the production of glucose or
reduces the rate of glucose absorption in the small intestine. Specifically, a-glucosidase is an enzyme that
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breaks disaccharides into absorbable monosaccharides. Inhibiting this enzyme delays the carbohydrate
digestion, reduces the rate of glucose absorption, reduces postprandial rise in blood glucose, and attenuates
glucose-induced insulin secretion. Due to diminished postprandial hyperglycemia and hyperinsulinemia by
a-glucosidase inhibitor, triglyceride uptake into adipose tissue, hepatic lipogenesis, and triglyceride content
are reduced. Therefore, o-glucosidase inhibitor treatment may have the potential to delay or possibly
prevent the development of diabetic complications [66].

In this research, the FESA exhibited the inhibitory effect against a-glucosidase enzyme activity. This
finding is in accordance with the previous studies [21,22,65-68]. Thus, the FESA can effectively be used as
a-glucosidase inhibitor to regulate blood glucose in patients with Type 2 DM.

70 m Acarbose = FESA

60 b
. ) :
40
30
20

10

Inhibition on a- glucosidase activity (%)

0.63 1.25 2.5
Concentration (mg/mL)

Figure 2 Inhibitory effect on a-glucosidase activity (%). Data are shown as mean = SEM (n = 3). Bars
having different letters are significantly different at p < 0.05.

Antioxidant activity

Antioxidant potential of the FESA and BHT against DPPH is presented in Figure 3. DPPH radical
scavenging activity of the FESA and BHT was increased with an increasing concentration. Given the same
concentrations of 25, 50, 100, 200, and 400 mg/mL, the scavenging activity of the FESA were 11.93+3.86,
23.78+4.23, 39.53+3.65, 54.50+3.29, and 69.70+3.61 %, respectively and more significant effective than
those of BHT (8.42+3.07, 14.85+4.09, 21.52+3.58, 32.16+4.21, and 49.70+3.77 %, respectively).

The DPPH radical scavenging activity of the FESA is positively correlated to the extract concentration
and higher than BHT. Similarly, the ethanol extract from S. aromaticum buds [8] and flowers [32] exhibited
high radical scavenging activity, compared to the synthetic antioxidants such as BHT. Due to the presence
of active compounds such as eugenol, eugenol acetate (aceteugenol) and a-capaene which have been
reported to show efficient antioxidant activity [8,53,54, 60], the antioxidant activity of the FESA is more
likely associated to its active compounds.

80 mHHT =FESA
70
1]
R}
Al
30
20
1]

0

15 &1} 10 204 00

DFPH radical scavenging (%)

Concentration {mg/ml. j

Figure 3 DPPH radical scavenging activity (%). Data were shown as mean + SEM (n = 3). Bars having
different letters are significantly different at p < 0.05.
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Anti-inflammatory activity

Cytotoxicity determined using MTT assay revealed that the FESA < 250 pg/mL displayed non-
cytotoxic to the RAW264.7 cells, with the cell viability of 107.19+3.22, 105.55+2.88, 105.62+4.50,
104.62+3.78, 104.76+4.85, and 103.25+3.98 % for the FESA at 25, 50, 100, 150, 200, and 250 pg/mL,
respectively. However, the viability of the RAW264.7 cells was decreased at the concentrations of the
FESA > 500 pg/mL. The viability of the RAW264.7 cells were 60.60+4.32, 4.42+1.69, and 2.97+0.06 %
for FESA at 500, 750 and 1000 pg/mL, respectively (Figure 4). The half-maximal concentration (ICsp) of
the FESA on cell viability of the RAW 264.7 cells was 520.74 + 6.88 ug/mL.

120
© ¢ c c c c c
3
~ 100
<
[{e]
=
Z 80
I
5 b
2 60
E
8
Z 40
[<5)
O
> 20

a a
|
0
25 50 100 150 200 250 500 750 1000

Concentration (ug/mL)

Figure 4 The percentage cell viability of RAW264.7 cells which was treated with various concentrations
of FESA in the presence of 1 ug/mL LPS for 24 h, using MTT assay. The data were represented as means
+ SEM of three independent experiments. Bars having different letters are significantly different at p <
0.05.

The FESA ranging from 25 to 250 pg/mL showed the cell viability of RAW246.7 cells higher than
80 %. As a result, they were used further for the determination of NO production. In Table 2, at the
concentrations of 25 - 150 pg/mL, the FESA failed to inhibit NO production in the LPS-stimulated
RAW264.7 cells. On the other hand, at 200 and 250 pg/mL, the FESA inhibited the production of NO by
12.12+3.47 and 33.78+0.42 %, respectively, whilst Diclofenac at 50 pg/mL inhibited the NO production in
the LPS-stimulated RAW264.7 cells by 27.07+£1.81 %.

The FESA 200 and 250 pug/mL inhibited the NO production in LPS-stimulated RAW 264.7 cells. The
results demonstrate the potential anti-inflammatory activity of the FESA and mediates its anti-inflammatory
activity through the inhibition of NO production. This result corresponds with the previous studies such as
the ethanol extract and eugenol of flower buds from S. aromaticum exhibited the anti-inflammatory activity
by inhibiting the inflammatory mediator, NO [37], eugenol showed the anti-inflammatory action on
macrophages [38] and inhibited the NO production in lipopolysaccharide (LPS)-induced RAW264.7 cells
[39]. Moreover, S. aromaticum essential oil and eugenol possesse the anti-inflammatory properties against
murine macrophages by suppressing the production of pro-inflammatory cytokines [40,41]. The anti-
inflammatory effects of S. aromaticum could be attributed to the dominant bioactive eugenol [42]. Syzygium
species has been documented to possess anti-inflammatory activity due to the high content of flavonoids
[43-44]. Furthermore, a-Amorphene [53], copaene [54], caryophyllene [55,56], ethyl linoleate [57-59],
eugenol [53,60], and humulene [62,63] have been demonstrated to possess anti-inflammatory activity. The
presence of these active compounds in the FESA suggests the anti-inflammatory activity of the FESA is
due to its active compounds which exhibit the activity by inhibiting NO production. This result provides
scientific support for the use of S. aromaticum in preventing inflammatory diseases mediated by excessive
production of NO.
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Table 2 Inhibition of NO production (%) in LPS-stimulated RAW264.7 cells treated with FESA or
Diclofenac.

Concentration Inhibition of NO production (%0)

(ng/mL) EESA Diclofenac
25 NI ND
50 NI 27.07+1.81
100 NI ND
150 NI ND
200 12.12+£3.472 ND
250 33.78+0.42° ND

The values are expressed as mean = SEM of three independent experiments. The values with different
superscripts (a, b) in the same column indicate the statistical difference at 5 % significance level (p < 0.05).
NI denotes no inhibition of nitric oxide production and ND denotes no determination of the nitric oxide
inhibition.

Conclusions

The 95 % ethanol flower extract of S. aromaticum (FESA) composes of 17 phytochemicals with
eugenol (56.17 %) as the most predominant chemical. The FESA exhibits antidiabetic activity by inhibiting
a-glucosidase enzyme, shows antioxidant activity by DPPH radical scavenging and demonstrates anti-
inflammatory activity by effectively inhibiting the NO production. The findings of this research clearly
provide evidence that supports the traditional use of S. aromaticum for the preservation of food and
treatment of various ailments. Based on the data obtained, S. aromaticum could be adopted as an effective
natural alternative to synthetic drugs treating diabetes and inflammatory-related disorders.

Acknowledgements

This study is partially supported by the Research Fund of Rajamangala University of Technology
Thanyaburi (RMUTT), Thailand. The author is grateful to the Research Fund of IRF62RMUTT for
financial support (Project no: IRF62A0601).

References

[1] B Hochenegg. 2010, Evaluation of the traditional and well-established use of Tormentillae rhizoma,
Caryophylli flos and Caryophylli aetheroleum. Ph. D. Dissertation. The University of Vienna,
Austria.

[2] KAK Mohammed, HM Abdulkadhim and SI Noori. Chemical composition and anti-bacterial effects
of clove (Syzygium aromaticum) flowers. Int. J. Curr. Microbiol. App. Sci. 2016; 5, 483-9.

[3] ™ Domaracky, P Rehak, S Juhas and J Koppel. Effects of selected plant essential oils on the growth
and development of mouse pre-implantation embryos in vivo. Physiol. Res. 2007; 56, 97-104.

[4] V Neveu, J Perez-Jiménez, F Vos, V Crespy, LD Chaaut, L Mennen, C Knox, R Eisner, J Cruz and
D Wishart. Phenol-explorer: An online comprehensive database on polyphenol contents in foods.
Database 2010; 2010, bap024.

[5] DE Kim, YS Hwang, BY Chang, DS Kim, HK Cho and SY Kim. Effects of the Syzygium aromaticum
L. extract on antioxidation and inhibition of matrix metalloproteinase in human dermal fibroblast.
Asian Pac. J. Trop. Biomed. 2019; 9, 53-9.

[6] FN Alfikri, R Pujiarti, MG Wibisono and EB Hardiyanto. Yield, quality, and antioxidant activity of
clove (Syzygium aromaticum L.) bud oil at the different phenological stages in young and mature
trees. Scientifica 2020; 2020, 9701701.

[7]1 L lJirovetz, G Buchbauer, | Stoilova, A Stoyanova, A Krastanov and E Schmidt. Chemical
composition and antioxidant properties of clove leaf essential oil. J. Agr. Food Chem. 2006; 54, 6303-
7.

[8] MI Nassar, AH Gaara, AE El-Ghorab, ARH Farrag, H Shen, E Hug and TJ Mabry. Chemical
constituents of clove (Syzygium aromaticum, Fam. Myrtaceae) and their antioxidant activity. Revista
Latinoamericana Quimica 2007; 35, 47-57.



Trends Sci. 2023; 20(1): 3583 90f11

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]

[27]

(28]

[29]

J lIvanovica, S Dimitrijevic-Brankovicb, D Misicc, M Risticd and | Zizovica. Evaluation and
improvement of antioxidant and antibacterial activities of supercritical extracts from clove buds. J.
Funct. Foods 2013; 5, 416-23.

DM Taher, DD Solihin, U Cahyaningsih and P Sugita. Chemical components analysis of clove
(Syzygium aromaticum (L). Merr. & Perry). Global Sci. J. 2019; 7, 379-91.

M Monika, N Gupta, P Parashar, V Mehra and M Khatri. Phytochemical evaluation and
pharmacological activity of Syzygium aromaticum: A comparative review. Int. J. Pharm. Pharmaceut.
Sci. 2014; 6, 67.

K Zhang. Chemical composition and antioxidant activities of the essential oil from the clove buds
(Syzygium aromaticum) toward various oxidative stresses in vitro. Agr. Food Sci. Res. 2015; 2, 19-
24,

G El-Saber Batiha, M L Alkazmi, G L Wasef, AM Beshbishy, HE Nadwa and KE Rashwan. Syzygium
aromaticum L. (Myrtaceae): Traditional uses, bioactive chemical constituents, pharmacological and
toxicological activities. Biomolecules 2020; 10, 202.

M Ismail, GA Kemegne, FN Njayou, V Penlap, WF Mbacham and SLS Kamdem. Chemical
composition, antibiotic promotion and in vivo toxicity of Piper nigrum and Syzygium aromaticum
essential oil. Afr. J. Biochem. 2017; 11, 58-71.

AS Adefegha, G Oboh and MO Adefegha. Antihyperglycemic, hypolipidemic, hepatoprotective and
antioxidative effects of dietary clove (Syzygium aromaticum) bud powder in a high-fat diet/
Streptozotocin-induced diabetes rat model. J. Sci. Food Agr. 2014; 94, 2726-37.

ZR Chaudhry, SR Chaudhry, A Naseer and FR Chaudhry. Effect of Syzygium aromaticum (clove)
extract on blood glucose level in Streptozotocin induced diabetic rats. Pakistan Armed Forces Med.
J. 2013; 63, 323-28.

BS Ganesh, B Prathap and SP Kumar. Experimental evaluation of antidiabetic activity of Syzygium
aromaticum extract in streptozotocin induced diabetic rats. J. Res. Pharmacol. Pharmacotherapeut.
2019; 8, 72-6.

M Kuroda, Mimaki, Y Ohtomo, T Yamada, J Nishiyama, T Mae, T Kishida and HT Kawada.
Hypoglycemic effects of clove (Syzygium aromaticum flower buds) on genetically diabetic KK-Ay
mice and identification of the active ingredients. J. Nat. Med. 2012; 66, 394-9.

MH Do, J Choi, Y Kim, S Keun, HaGYoo and J Hur. Syzygium aromaticum reduces diabetes-induced
glucotoxicity via the NRF2/Glol pathway. Planta Med. 2020; 86, 876-83.

B Mkhwanazi, N Sibiya, M Serumala, R Myburg and CT Musabayane. The effects of Syzygium
aromaticum-derived oleanolic acid on reactive oxygen species in the heart, liver and kidney of STZ-
induced diabetic rats. Endocr. Abstr. 2013; 31, P183.

SA Adefegha and G Oboh. In vitro inhibition activity of polyphenol-rich extracts from Syzygium
aromaticum (L.) Merr. & Perry (Clove) buds against carbohydrate hydrolyzing enzymes linked to
type 2 diabetes and Fe?*-induced lipid peroxidation in rat pancreas. Asian Pac. J. Trop. Biomed. 2012;
2, 74-81.

M Toda, J Kawabata and T Kasai. Aplha-glucosidase inhibitors from clove (Syzygium aromaticum).
Biosci. Biotechnol. Biochem. 2000; 64, 294-8.

| Giilgin, IG Sat, S Beydemir, M Elmasta and OI Kiifrevio“glu. Comparison of antioxidant activity of
clove (Eugenia caryophylata Thunb.) buds and lavender (Lavandula stoechas L.). Food Chem. 2004;
87, 393-400.

DF Cortés-Rojas, CRF de Souza and WP Oliveira. Clove (Syzygium aromaticum): A precious spice.
Asian Pac. J. Trop. Biomed. 2014; 4, 90-6.

N Chomchalow. Spice production in Asia - an overview. In: Proceedings of the IBC’s Asia Spice
Markets 96 Conference, Singapore. 1996.

S Makchuchit, A Itharat and S Tewtrakul. Antioxidant and nitric oxide inhibition activities of Thai
medicinal plants. J. Med. Assoc. Thai 2010; 93, 227-35.

SB Sara, A Amyn, S Tauseef, ST Ali, BS Siddiquil and A Ahmad. Evaluation of antioxidant activity
of methanolic extract, fractions and pure compounds of Syzygium aromaticum. World J. Pharm. Sci.
2016; 4, 24-7.

| Gilgin, M Elmasta and HY Aboul-Enein. Antioxidant activity of clove oil - a powerful antioxidant
source. Arab. J. Chem. 2012; 5, 489-99.

BA Behbahani, Mohammad Noshad and Fereshteh Falah. Study of chemical structure, antimicrobial,
cytotoxic and mechanism of action of Syzygium aromaticum essential oil on foodborn pathogens.
Potravinarstvo Slovak J. Food Sci. 2019; 13, 875-83.



Trends Sci. 2023; 20(1): 3583 10 of 11

[30]

[31]

(32]

[33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

[41]
[42]
[43]
[44]

[45]

[46]

[47]

(48]

[49]

[50]

F Bamdad, M Kadivar and J Karamat. Evaluation of phenolic content and antioxidant activity of
Iranian caraway in comparison with clove and BHT using model systems and vegetable oil. Int. J.
Food Sci. Tech. 2006; 41, 20-7.

SCH Ndomou, FT Djikeng, GB Teboukeu, HT Doungue, HAK Foffe, CT Tiwo and HM Womeni.
Nutritional value, phytochemical content, and antioxidant activity of three phytobiotic plants from
west Cameroon. J. Agr.Food Res. 2021; 3, 100-5.

C Threrapanithan, N Jaiaree, A Itharat, S Makchuchit, P Thongdeeying and S Panthong. Anti-
inflammatory and antioxidant activities of the Thai traditional remedy called “Leard-ngam” and its
plant ingredients. Thammasat Med. J. 2015; 15, 376-83.

W Ahmed. Monitoring antioxidant and antityrosinase activity of clove aromatic flower buds. J. Med.
Plants Stud. 2016; 4, 163-9.

Y Tanko, A Mohammed, MA Okasha, AH Umar and RA Magaji. Anti-nociceptive and anti-
Inflammatory activities of ethanol extract of Syzygium aromaticum flower bud in wistar rats and mice.
Afr. J. Trad. Comp. Alternative Med. 2008; 5, 209-12.

K Sueksakit, K Thisayakorn, V Khueynok, K Sriyam, D Pahusee and N Buddhakala. Anti-
inflammatory effects of clove flower bud oil and extract in rats. In: Proceedings of the 53 Kasetsart
University Annual Conference: Science, Genetic Engineering, Architecture and Engineering, Agro-
Industry, Natural Resources and Environment, Bangkok, Thailand. 2015.

Al Al-Ameedi, JK Faris, AH Rabee, HH Naji, AJ Obayes and WF Obaid. Analgesic and anti-
inflammatory effects of hydro alcoholic extract of clove (Syzygium aromaticum) in Albino mice.
Kufa J. Vet. Med. Sci. 2017; 8, 56-62.

D Rusmana, M Elisabeth, W Widowati, N Fauziah and M Maesaroh. Inhibition of inflammatory agent
production by ethanol extract and eugenol of Syzygium aromaticum (L.) flower bud (clove) in LPS-
stimulated Raw 264.7 cells. Res. J. Med. Plants 2015; 9, 264-74.

T Koh, Y Murakami, S Tanaka, M Machino and H Sakagami. Re-evaluation of anti-inflammatory
potential of eugenol in IL-1beta-stimulated gingival fibroblast and pulp cells. In Vivo 2013; 27, 269-
73.

WR Li, S Tsubouchi, M Qiao, K Haneda, Murakami and M Yoshino. Inhibitory action of eugenol
compounds on the production of nitric oxide in RAW264.7 macrophages. Biomed. Res. 2006; 27, 69-
74.

TF Bachiega, JPD Sousa, JK Bastos and JM Sforcin. Clove and eugenol in noncytotoxic
concentrations exert immunomodulatory/anti-inflammatory action on cytokine production by murine
macrophages. J. Pharm. Pharmacol. 2012; 64, 610-6.

TG Rodrigues, A Fernandes, JP Sousa, JK Bastos and JM Sforcin. In vitro and in vivo effects of clove
on pro-inflammatory cytokines production by macrophages. Nat. Prod. Res. 2009; 23, 319-26.

X Han and TL Parker. Anti-inflammatory activity of clove (Eugenia caryophyllata) essential oil in
human dermal fibroblasts. Pharmaceut. Biol. 2017; 55, 1619-22.

HM Kim, EH Lee, SH Hong, HJ Song, MK Shin, SH Kim and TY Shin. Effect of Syzygium
aromaticum extract on immediate hypersensitivity in rats. J. Ethnopharmacol. 1998; 60, 125-31.

S Muruganadan, K Srinivasan, S Chandra, SK Tandan, J Lal and V Raviprakash. Anti-inflammatory
activity of Syzygium cumini bark. Fitoterapia 2001; 72, 369-75.

S Musharraf, MA Ahmed, N Zehra, M Choudhary and AU Rahman. Biodiesel production from micro
algal isolates of Southern Pakistan and quantification of FAMEs by GC-MS analysis. Chem. Cent. J.
2012; 6, 149.

HQ Dong, M Li, F Zhu, FL Liu and JB Huang. Inhibitory potential of trilobatin from Lithocarpus
polystachyus Rehd against a-glucosidase and a-amylase linked to type 2 diabetes. Food Chem. 2012;
130, 261-6.

G Gowri and K Manimegalai. Phytochemical screening and GC-MS analysis of ethanol extract of
Syzygium aromaticum L. J. Pharmacogn. Phytochem. 2019; 8, 746-50.

R Hemalatha, P Nivetha, C Mohanapriya, G Sharmila, C Muthukumaran and M Gopinath.
Phytochemical composition, GC-MS analysis, in vitro antioxidant and antibacterial potential of clove
flower bud (Eugenia caryophyllus) methanolic extract. J. Food Sci. Tech. 2016; 53, 1189-98.

B Amelia, E Saepudin, AH Cahyana, DU Rahayu, AS Sulistyoningrum and J Haib. GC-MS analysis
of clove (Syzygium aromaticum) bud essential oil from Java and Manado. AIP Conf. Proc. 2017;
1862, 030082.

GE-S Batiha, LM Alkazmi, LG Wasef, AM Beshbishy, EH Nadwa and EK Rashwan. Syzygium
aromaticum L. (Myrtaceae): Traditional uses, bioactive chemical constituents, pharmacological and
toxicological activities. Biomolecules 2020; 10, 202.



Trends Sci. 2023; 20(1): 3583 11o0f11

[51]

[52]

[53]
[54]

[58]

[56]

[57]

[58]

[59]

[60]

[61]
[62]
[63]
[64]

[65]

[66]

N Nurdjannah and N Bermawie. Clove oil. In: KV Peter (Ed.). Handbook of herbs and spices.
Woodhead Publishing, Cambridge, 2012, p. 591-607.

R Hemalatha, P Nivetha, C Mohanapriya, G Sharmila, C Muthukumaran and M Gopinath.
Phytochemical composition, GC-MS analysis, in vitro antioxidant and antibacterial potential of clove
flower bud (Eugenia caryophyllus) methanolic extract. J. Food Sci. Tech. 2016; 53, 1189-98.

J Duke. Handbook of phytochemical constituents of GRAS herbs and other economic plants. Boca
CRC Press, Florida, 1992.

H Tiirkez, K Celik and B Togar. Effects of copaene, a tricyclic sesquiterpene, on human lymphocytes
cells in vitro. Cytotechnology 2014; 66, 597-603.

YT Tung, MT Chua, SY Wang and ST Chang. Anti-inflammation activities of essential oil and its
constituents from indigenous cinnamon (Cinnamomum osmophloeum) twigs. Bioresour. Tech. 2008;
99, 3908-13.

MJ Chavan, PS Wakte and DB Shinde. Analgesic and anti-inflammatory activity of Caryophyllene
oxide from Annona squamosa L. bark. Phytomedicine 2009; 17, 149-51.

GA Ko and SK Cho. Ethyl linoleate inhibits a-MSH-induced melanogenesis through Akt/GSK3p/f-
catenin signal pathway. Korean J. Physiol. Pharmacol. 2018; 22, 53-61.

SY Park, R Seetharaman, MJ Ko, DY Kim, TH Kim, MK Yoon, JH Kwak, SJ Lee, YS Bae and YW
Choi. Ethyl linoleate from garlic attenuates lipopolysaccharide-induced pro-inflammatory cytokine
production by inducing heme oxygenase-1 in RAW264.7 cells. Int. Immunopharmacol. 2014; 19,
253-61.

C Jelenko, ML Wheeler, AP Anderson, BD Callaway and JC McKinley. Studies in burns: X1V,
Heling in burn wounds treated with ethyl linoleate alone or in combination with selected topical
antibacterial agents. Ann. Surg. 1975; 182, 562-6.

H Kabuto, M Tada and M Kohno. Eugenol [2-Methoxy-4-(2-propenyl) phenol] prevents 6-
hydroxydopaminelnduced dopamine depression and lipid peroxidation inductivity in mouse striatum.
Biol. Pharm. Bull. 2007; 30, 423-7.

A Abdou, A Elmakssoudi and AEI Amrani. Recent advances in chemical reactivity and biological
activities of eugenol derivatives. Med. Chem. Res. 2021; 30, 1011-30.

ES Fernandes, GF Passos, R Medeiros, FM da Cunha, J Ferreira, MM Campos, LF Pianowski and JB
Calixto. Anti-inflammatory effects of compounds alpha-humulene and (-)-trans-caryophyllene
isolated from the essential oil of Cordia verbenacea. Eur. J. Pharmacol. 2007; 569, 228-36.

J Chaves, LPaulo, P Luis and C Jodo. Pharmacokinetics and tissue distribution of the sesquiterpene
a-humulene in mice. Planta Med. 2008; 74, 78-83.

L Gershell. Type 2 diabetes market. Nat. Rev. Drug Discov. 2005; 4, 367-8.

NH Cho, JE Shaw, S Karuranga, Y Huang, FIDD Rocha, AW Ohlrogge and B Malanda. IDF diabetes
atlas: global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res. Clin.
Pract. 2018; 138, 271-81.

H Bischoff. The mechanism of alpha-glucosidase inhibition in the management of diabetes clinical
and investigative medicine. Clin. Invest. Med. 1995; 18, 303-11.



