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Abstract Lemon myrtle leaves were extracted with etha-
nol at different temperatures (25, 50, and 80 °C) and times
(2, 4, 6, and 10 h) to examine the effect of extraction
conditions on total polyphenol contents (TPC), total fla-
vonoid contents (TFC), their antioxidant, anti-inflamma-
tory activities, and amount of phenolic compounds. Under
optimal extraction conditions (80 °C and 6 h), the values
were 23.37%, 102.72 mg gallic acid equivalents (GAE/g
dry basis), 23.37 mg rutin equivalents (RE/g dry basis),
83.31%, 60.13%, and 1.10% for yield, TPC, TFC, DPPH,
ABTS radical scavenging activity, and reducing power,
respectively. In addition, total amount of the phenolic
compounds of extract was determined as 43.9 pg/g. The
anti-inflammatory effect was determined in
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lipopolysaccharide-stimulated RAW 264.7 cells and
inhibited the production of inflammatory mediators such as
nitric oxide (NO). These results indicate that extracts of
lemon myrtle leaves have potential as a valuable natural
product with antioxidant and anti-inflammatory.
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Introduction

Oxidative stress, defined as the formation of reactive
oxygen species (ROS) or free radicals and the imbalance in
antioxidant levels, is known that associated with various
diseases, such as degenerative nervous system diseases,
aging, and diabetes (Bjelakovic et al., 2014; Reuter et al.,
2010). Persistent excessive oxidative stress on cells not
only increases gene expression of specific cells that cause
degenerative diseases, but also increases cell death, leading
to chronic inflammatory responses (Kang, 2011). Oxidative
stress increased by ROS induces inflammatory and immune
responses and increases proteins such as Cyclooxygenase-2
(COX-2) and inducible nitric oxide synthase (iNOS) (Han
et al., 2015). Inflammatory factors are expressed by intra-
cellular signaling pathways and transcription factors and
occur due to primary stimuli such as lipopolysaccharides
(LPS) (Kim et al., 2008). LPS, which present in the outer
membrane of gram negative E. coli, stimulates macro-
phages to increase inflammatory cytokine production such
as interleukin, tumor necrosis factor (TNF)-a, nitric oxide
(NO) (Akihisa et al.,, 1959). NO as an indicator of
inflammatory response has a variety of physiological
functions such as vasodilation, signal transduction and
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body defense, but they enhance inflammation when over-
produced, causing septic shock, tissue damage, genetic
variation, and nerve damage (Bogdan, 2001). Synthetic
anti-inflammatory agents are used as inhibitors of inflam-
matory mediators, but there is increasing interest in natural
antioxidants and natural anti-inflammatory agents due to
concerns about the side effects caused by synthetic anti-
inflammatory agents (Buchaillot et al., 2009; Hyon et al.,
2010).

The lemon myrtle oil has been effective in the treatment
of skin lesions caused by mollusk disease virus (Burke
et al., 2004). Similarly, Wilkinson et al. (2003) reported
that the lemon myrtle oil has a potential as a plant fungi-
cide, surface disinfectant or antimicrobial food additive.
Studies on lemon myrtle have reported about cytotoxic
effects due to presence of essential oils (Hayes and Mar-
kovic, 2002), antimicrobial and antifungal activity
(Wilkinson et al., 2003), and active components (Konczak
et al., 2010). Lemon myrtle leaf has high levels of
antioxidant activity which is associated with its phenolic
compounds contents including phenolic acids and flavo-
noids (Kim et al., 2017). However, antioxidant and anti-
inflammatory effects of lemon myrtle leaf has been
reported rarely.

Therefore, this study was conducted to determine the
optimal ethanol extraction conditions for bioactive com-
pounds (polyphenols and flavonoids) in lemon myrtle leaf
by evaluating the extraction yield, antioxidant and anti-
inflammatory activity at different extraction conditions. In
addition, the phenolic compounds extracted from lemon
myrtle leaf were identified and quantified using high-per-
formance liquid chromatography with diode array detector
(HPLC-DAD).

Materials and methods
Materials and chemicals

Australian lemon myrtle leaves were purchased from
Teazen Co. (Anyang, Korea) Folin-Ciocalteu reagent, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azino-bis (3-
ethylbenzothiazoline-6-sulfonate) (ABTS), gallic acid,
ellagic acid, luteoloside, rutin, catechin, and quercetin were
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). RAW 264.7 cells for anti-inflammatory experiments
were obtained from the Korean Cell Line Bank (Seoul,
Korea). Dulbecco’s modified Eagle’s medium (DMEM),
fetal bovine serum (FBS), lipopolysaccharide (LPS), and
other supplements for cell culture were purchased from
Gibco (Thermo Fisher Scientific, Waltham, USA). Other
reagents and solvents in this study used analytical reagent
grade.
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Extraction of lemon myrtle leaves

Dried lemon myrtle leaves were pulverized with a coffee
grinder (Hamilton Beach Inc., Glenalan, VA, USA), and
distilled water and 80% ethanol were added 10 times
compared to solid and extracted using a reflux condenser
according to the extraction conditions of temperature (25,
50, and 80 °C) and times (2, 4, 6, and 10 h). Then the
extracts were filtered (Whatman No. 1), concentrated at
55 °C with rotary evaporator (UT-1000, EYELA, Tokyo,
Japan), freeze-dried and stored at — 20 °C for future
experiments.

Yields, total polyphenol and flavonoid content

Each extract was freeze-dried to obtain a dry weight and
then extracted as a percentage of the dry weight of the raw
materials used to prepare the extract to obtain an extraction
yield. Total polyphenol content (TPC) was measured by
modified the AOCS method (AOCS, 1990). Folin-Ciocal-
teu reagent (10% (v/v), 0.75 mL) and the same volume of
6% sodium carbonate solution (w/v) were added to 0.2 mL
of diluted crude extract (1 mg/mL). The mixture was kept
in the dark for 90 min at room temperature; afterwards, the
absorbance was measured at 725 nm. TPC was expressed
as mg of gallic acid equivalents per g of dry sample (mg
GAE/g).

Total flavonoid content (TFC) was measured by the
method of Zhishen et al. (1999). TFC was expressed as
milligrams of rutin equivalents per g of dry sample (mg
RE/g).

Antioxidant activity
DPPH and ABTS radical scavenging activity

DPPH radical scavenging activity was measured by mod-
ifying the method of Blosis (1958). Briefly, 100 pL of
diluted sample (1 mg/mL) was added to 1 mL of 0.2 mM
DPPH radical solution and incubated for 30 min at room
temperature. Absorbance was measured at 525 nm with
ascorbic acid as a control. DPPH radical scavenging
activity of sample was calculated using the following
equation,

DPPH radical scavenging activity (%)
__Abs. of blank — Abs. of sample < 100

Abs. of blank

ABTS radical scavenging activity was measured by
modifying the method of Re et al. (1999). ABTS stock
solution was diluted with 5.0 mM phosphate-buffered sal-
ine (pH 7.4) to obtain an absorbance of approximately 1.80
at 735 nm. Fifty microliters of diluted crude extract (1 mg/
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mL) was added to 1 mL of ABTS stock solution then
reacted at room temperature for 6 min. Absorbance was
read at 735 nm with ascorbic acid as a control. ABTS
radical scavenging activity of samples was calculated using
the following equation,

ABTS radical scavenging activity (%)
_ Abs. of blank — Abs. of sample < 100

Abs. of blank

Reducing power

Reducing power of the crude extract was measured by
modifying the method of Oyaizu (1986). Absorbance was
measured at 700 nm with ascorbic acid as a control and
reducing power was expressed as the absorbance value
measured.

Quantification of phenolic compounds by HPLC
with diode-array detection (DAD)

Phenolic compounds in the crude extract were analyzed by
HPLC-DAD (Agilent 1200 system) using the conditions
described in Table 1. Phenolic compounds in crude extract
were identified by comparing their retention time with
those of internal standards.

Immunomodulatory activities
Cell culture

RAW 264.7 cells, a mouse macrophage line, were sub-
cultured in 100 mm dishes (Falcon, Bedford, MA, USA) in
DMEM supplemented with 10% FBS and 1% antibiotic
(100 U/mL penicillin G, 100 pg/mL streptomycin), and
were incubated at 37 °C with 5% CO, supplemented.

Cell viability

Cell viability was measured using the cell counting kit-8
(CCK-8, Dojindo, Japan). RAW 264.7 cell (1 x 10° cells/
well) were seeded into 96 well culture plates with diluted
crude extracts at a series of concentration (5-100 pg/mL)
for 2 h and stimulated with 200 ng/mL of LPS for 24 h.
Then, CCK-8 solution (10%, 100 pL) was added and
incubated at 37 °C for 30 min. Absorbance was measured
at 450 nm using a microplate reader (Molecular Devices,
Sunnyvale, CA, USA). The results were expressed as
percent (%) relative to LPS alone control cells.

Nitric oxide (NO) assay

RAW 264.7 cells (1 x 10° cells/well) were plated onto 96
well culture plates for 2 h. Subsequently, non-adherent
cells were removed by washing with PBS, and incubated
for 2 h by adding diluted crude extracts (5-100 pg/mL) to
adherent macrophages; afterward, 200 ng/mL of LPS was
stimulated for 24 h and NO levels in culture media were

measured using a Promega Griess Reagent System Kit (W1,
USA).

Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Science (SPSS) version 12.0 (SPSS
Inc., Chicago, IL, USA). Differences (p < 0.05) among
groups were evaluated by a one-way Analysis of variance
(ANOVA) and Duncan’s multiple range tests. Statistical
significance was determined using the two tailed Student’s
t-test. All data are presented as the mean % standard
deviation (SD, n = 3).

Table 1 Analytical condition of HPLC with diode-array detection (DAD) for the determination of quantification of phenolic compounds from

lemon myrtle leaves

Instrument Agilent 1200 series HPLC system
Detector Diode array at 257, 280, 325 and 365 nm
Column YMC-Triart C18 column (4.6 mm x 250 mm)
Column 35 °C

temp.
Flow rate 0.8 mL/min
Mobile

phase

40, 50, 60, 70, and 80% (B) every 10 min, respectively.

Injection 10 pL

vol.

2% formic acid in water (A) and 2% formic acid in methanol (B) was used as follows: water containing 2% acetic acid (water /
acetic acid 98:2, (A)) and methanol (B), the composition gradient was: 95% (A), 5% (B) for 2 min; 25% (B) until 10 min; after,
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Results and Discussion

Analysis of yield, total polyphenol and flavonoid
content

Extraction yield, total polyphenol and total flavonoid
content of lemon myrtle according to the extraction con-
ditions are shown in Table 2. As the temperature and time
increase, the yield was increased. The highest values for
extraction yield in lemon myrtle extracts were obtained
following extraction at 80 °C for 10 h; however, there was
no significant difference in extraction for more than 6 h. In
general, insoluble cell walls are dissolve by heat treatment,
thereby increasing water-soluble fiber. During the water
solubilization process, the dietary fiber component dis-
solves from the insoluble cell wall due to structural chan-
ges in the plant tissue (Hwang et al., 1994). In reflux
extraction method of this experiment, as temperature and
time increase, insoluble components were dissolved by
heat and pressure to promote dissolution. When extracting
more than 6 h lemon myrtle leaves, there is no significant
difference in yield, so it is thought that extraction at 80 °C
for 6 h will be economical for industrial applications.
TPC in the lemon myrtle extract ranges from
53.63-103.56 mg GAE/g, the highest TPC among the total
extracts was 103.56 £ 0.59 mg GAE/g which was extrac-
ted for 10 h at 80 °C, and there was no difference in
extraction for more than 6 h. The polyphenol content was
significantly increased at 80 °C rather than 25 °C.
According to study Jeong et al. (2004) the total polyphenol
content of citrus peel extract was 71.8 pM without treat-
ment, but increased to 165.4 pM with heat treatment at
150 °C for 1 h. In addition, peanut shells roasted at high
temperatures have been reported to total polyphenol con-
tent was increased according to the increased extraction
temperature and time (Lee et al., 2006). As the heat tem-
perature and time increase, the polyphenolic compound
tends to increase. One reason for this is the bound

polyphenol compounds which forms a covalent bond with
insoluble polymers in the plant cell walls are converted to
the free polyphenol compounds by heat treatment and thus
it is easy to elute. The other is the high molecular weight
phenolic compound is broken down into low molecular
weight phenolic compounds (Turkmen et al., 2005). In
order to clarify the change of TPC of the extracts according
to the heat treatment conditions, it is thought that the
composition ratio of each phenolic acid should be com-
pared by separating the bound and free phenolic com-
pounds from heat treated extracts.

TFC in the lemon myrtle extract ranges from
15.36-33.09 mg GAE/g and the highest TFC among the
total extracts was 33.09 £ 1.22 mg RE/g which was
extracted at 80 °C for 6 h. This is the same trend as the
previous TPC and as the temperature and time increase, the
TFC was increase. Kang and Lee (2013) showed that the
cell walls of plants in the mugwort (Artemisia) were
destroyed by reflux and high-pressure extraction to release
the bound polyphenols, thereby increasing the content of
TPC and TFC. Jiratanan and Liu (2004) reported that the
useful components and antioxidant activity by heat treat-
ment depend on the type of plant and the bonding structure.

DPPH, ABTS radical scavenging activities
and reducing power

Antioxidant properties of various extraction conditions
were compared using DPPH, ABTS radical scavenging
activity and reducing power assays. DPPH radical scav-
enging activity of lemon myrtle extract according to the
extraction conditions was shown in Fig. 1A. As the tem-
perature and time increase, DPPH radical scavenging
activity gradually increased from 66.59% to 83.80%
(»p < 0.05). Kwon et al. (2006) reported that antioxidant
activity, polyphenols, flavonoids, and browning indicator
HMF  (5-hydroxymethylfurfural) were significantly
increased during extraction at high temperature and

Table 2 Yields, total

polyphenol contents (TPC) and Extraction conditions

Yields (%)

TPC (mg GAE/g) TFC (mg RE/g)

total flavonoid contents (TFC) 25 oC
of the various extraction

conditions from lemon myrtle 4h
leaves 50 °C

4h
80 °C
2h
4h
6h
10 h

14.90 + 0.46°! 53.63 + 0.50¢ 15.36 £ 1.49°
17.02 + 0.31° 79.52 + 0.38° 17.34 + 1.44°
16.77 + 0.24¢ 79.55 + 0.74° 19.89 + 0.67¢
16.55 + 0.30¢ 81.04 + 0.81° 25.75 + 1.09°
23.37 + 0.31° 102.72 + 0.58° 33.09 + 1.22°
24.48 + 1.01° 103.56 + 0.59° 30.18 + 0.74°

'Lower case letters (a—e) indicate significant differences between groups (p < 0.05) using Duncan’s

multiple range tests
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Fig. 1 Antioxidant activities of various extraction conditions determined with DPPH and ABTS free radical scavenging activity (%), and reducing power. The tested concentration was 100 pg/

mL, respectively, any means in the same column followed by the same letter are not significantly (p < 0.05) different by Duncan’s multiple range test

pressure. Therefore, we determined that as the tempera-
ture and time increase, the reason why DPPH radical
scavenging activity is increase, that polyphenol content
and browning substance contained.

ABTS radical scavenging activity of lemon myrtle
extract according to the extraction conditions was shown
in Fig. 1B. ABTS radical scavenging activity gradually
increased from 35.21% to 60.32% (p < 0.05) with
increasing of the temperature and time. Jang et al. (2012)
reported that the bound polyphenols were converted into
free form by heat treatment or reflux extraction, thereby
increasing the antioxidant activity. Thus, the components
of the plant extract are decomposed or polymerized to
produce antioxidants during heat extraction, increasing
TPC, TFC, DPPH and ABTS radical scavenging activity
(%).

Reducing power of lemon myrtle extract according to
the extraction conditions was shown in Fig. 1C. The
temperature and time increase, reducing power increased
gradually increased from 0.17 to 1.10 (Abs at 700 nm)
(p < 0.05), which is similar to DPPH and ABTS radical
scavenging activity. Osawa (1994) reported that phenolic
substances have a variety of physiological effects,
including antioxidant activity, mainly because of reducing
power. Reducing power assays are used to evaluate the
ability of an antioxidant to provide hydrogen or an elec-
tron, the antioxidants converts or reduces the ferricyanide
(Fe*™) complexes to the ferrous form (Fe*™) (Agrawal
et al., 2016). Further studies on the transformed ferro-
cyanide into ferrous form from lemon myrtle extracts
would be necessary to confirm their potential antioxida-
tive activity.

Quantification of phenolic compounds by HPLC-
DAD

The phenolic compound, an active ingredient of lemon
myrtle extract, was quantitatively analyzed using HPLC-
DAD (Table 3). Chromatogram analysis of lemon myrtle
extract showed that the retention times of luteoloside,
rutin, ellagic acid, gallic acid, catechin and quercetin were
29.654, 30.569, 32.303, 10.355, 16.573, and 40.092 min,
respectively. Total amounts of the six phenolic com-
pounds in the lemon myrtle extract ranged from
35.8-43.9 pg/g. Although there was no significant dif-
ference in total phenolic compound content of lemon
myrtle according to extraction temperature and time, the
highest total phenolic compound among the extracts was
43.9 pg/g which was extracted at 80 °C for 6 h. TPC of
lacquer tree (Rhus vemiciflua) extract increased signifi-
cantly according to extraction temperature and time, but
decreased when extracted above a certain temperature and
time (Park et al., 2013). The reasons why the total phenol
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Table 3 Identification and quantification of the phenolic compounds of the various extraction conditions from lemon myrtle leaves using HPLC

with diode-array detection (DAD)

Extraction conditions Gallic acid® Ellagic acid® Luteoloside” Rutin® Catechin® Quercetin® Total amount (pg/g)
25 °C 4h 1.2 3.6 10.7 17.0 6.6 1.1 40.3
50 °C 4h 1.6 3.1 10.2 16.5 7.3 0.8 39.5
80 °C 2h 1.5 32 9.2 14.8 8.0 0.9 37.5
4h 1.7 3.9 8.9 14.4 9.2 0.7 38.8
6 h 1.8 44 104 16.6 9.4 1.2 439
10h 1.6 35 10.6 154 44 0.2 35.8

All chromatography operations were carried out at ambient temperature

Chromatography peaks were detected at “280 nm for gallic acid, and catechin; ®257 nm for luteoloside, rutin, and ellagic acid; 365 nm for

quercetin using HPLC-DAD

content decreases over time is that polyphenols, such as
tannin, are insoluble in prolonged heat treatment, thereby
reducing migration to the extract, and the longer the
extraction time, the lower the antioxidant activity due to
heat denaturation. It is though that the total phenol content
decreased during extraction at 80 °C for 10 h due to car-
bonization, and this issue requires additional research.
Phenolic compounds widely distributed in plant systems
have various structures and molecular weights, and are well
known to have physiological functions such as antioxidant,
anticancer, and antibacterial properties through phenolic
hydroxyl groups (Duval and Shetty, 2001). In particular,
polyphenolic compounds are effective for the prevention of
chronic cardiovascular disease, flavonoid compounds con-
taining hydroxyl groups have been reported to be respon-
sible for radical scavenging effects in plants (Spencer,
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Fig. 2 Effect of lemon myrtle of various extraction conditions on cell
viability (A) and nitric oxide (NO) production (B) in LPS-stimulated
RAW 264.7 cells. A total of 20 ng/mL lipopolysaccharide (LPS) was
used as the positive control (PC) and media used as negative control
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2010). Further research is needed to study the antioxidant
activity mechanisms of effective compound such as gallic
acid, ellagic acid, luteoloside, rutin, catechin, and querce-
tin, isolated from the lemon myrtle at the molecular level.

In vitro cell viability and nitric oxide (NO)
producution

The present study was undertaken to examine the potential
in vitro anti-inflammatory activity of lemon myrtle extract
using the LPS-induced on macrophage-derived cell line
RAW 264.7. Cells were treated with various concentration
of lemon myrtle extract (5-100 pg/mL) for 24 h followed
by LPS stimulation (Fig. 2A). Lemon myrtle extracts
treatment did not exhibit any cytotoxic effects on RAW
264.7 cells at concentration up to 100 pg/mL after

40
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(NC). One-way ANOVA was used for comparisons of multiple group
means followed by t-test (significant as compared to control;
**p < 0.01, ***p < 0.001)
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treatment for 24 h. To investigated the effect of lemon
myrtle extract treatment on NO production, LPS (20 pg/
mL) treatment was performed on RAW 264.7 cells to
induce intracellular NO production, followed by lemon
myrtle extracts of 5-100 pg/mL (Fig. 2B). The NO pro-
duction of LPS-induced macrophages was found to be
effective as an inflammatory modulator by decreasing
concentration-dependently (p < 0.001) in each extract.

As the extraction temperature increased, the levels of
LPS-induced NO production activity significantly
decreased, however, there was no significant difference in
NO production inhibition activity with extraction time
increased. Koh et al. (2009) showed that the extraction
temperature decrease, the NO production of hot water
extracts of dandelion leaves with different extraction
temperature decreased. On the other hand, Kang et al.
(2017) reported that the higher extraction temperature, the
NO production of ethanol extract of red garlic with dif-
ferent extraction temperature decreased. These results were
showed that the conditions for extracting the active com-
ponent differ depending on the characteristics of the raw
material.

Under optimal extraction conditions (80 °C, and 6 h
extraction time), extracts showed the strongest antioxidant
and anti-inflammatory activities and the largest amount of
phenolic compound. Crud ethanol extracts from lemon
myrtle leaves could be used as a natural antioxidant in the
food industry and a dietary supplement, resistant to
oxidative disease. Further research is needed to investigate
the antioxidant and anti-inflammatory mechanisms of
active compounds isolated at the molecular level, to ana-
lyze the safety of animals and to establish effective dose
levels.
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