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ABSTRACT

Background: Thunbergia laurifolia is a Thai herb and has been used in Thai folklore medicine
for centuries. Generally, Thais consume T. laurifolia as a herbal tea because of its beneficial
properties as an antidote for chemical toxins, drug-, arsenic-, strychnine-, alcohol- and food-
poisoning. However, its effectively against some insecticide compounds, e.g. methomyl, has not
yet been determined.

Objective: To examine the protective effect of aqueous extract from leaves of T. laurifolia on
methomyl (MT) poisoning of murine macrophage cells (anti-MT effect) and to identify phenolic
and flavonoid compounds in the extract.

Methods: T. laurifolia was extracted with water and stored in freeze-dried form. The extract was
investigated for its antioxidant activity and some phenolic and flavonoid compounds were
identified using liquid chromatography—mass spectrometry (LC-MS). To study anti-MT effects in
RAW264.7 murine macrophage cells, these were treated with leaf extract either before (pre-
treatment), concomitantly (combined) or after (post-treatment) exposure to MT and cell viability
determined in an MTT test (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide).
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Results: The extract exhibited strong antioxidant properties based on total extractable phenolic
content (TPC), total extractable flavonoid content (TFC), 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) radical scavenging, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging and Ferric ion reducing antioxidant power (FRAP) activity. The LC-MS analyses of
phenolic compounds indicated the presence of caffeic acid, rosmarinic acid, catechin, rutin,
isoquercetin, quercetin and apigenin as bioactive compounds. Viability of RAW 264.7 murine
macrophage cells treated with MT was increased significantly by post-treatment with leaf extract
but not by combined or pre-treatments.

Conclusion: The aqueous extract of T. laurifolia leaves contained abundant antioxidant activity.
Flavonoids present were catechin, rutin, isoquercetin, quercetin and apigenin. The aqueous leaf
extract was able to help cells recover from the effects of exposure to MT.

Keywords: Thunbergia laurifolia, phenolics, flavonoids, methomyl, RAW264.7 murine
macrophages, insecticide

INTRODUCTION

The rapid increase of insecticide usage is an important concern for Thailand and other developing
countries with an intensive agriculture [1]. Agriculture in Thailand is reported to be heavily
dependent up on pesticide usage for crop protection in order to increase production levels, quality
and appearance [2]. Humans are at the top of the food chain, therefore, food containing toxic
contaminants will potentially accumulate in the human body [3]. Methomyl, a carbamate
insecticide, is a very toxic and hazardous insecticide [4] which is used in various crops in Thailand.
Its toxic action relates to acetyl cholinesterase inhibition, which includes important enzymes of the
human nervous systems [5]. Based on Thai folk medicine, Thunbergia laurifolia, can be used to
reduce the toxicity of insecticides.

T. laurifolia, which has the Thai name ‘Rang Jued’, belongs to the family Acanthaceae, [6]
and has been used in Thai traditional medicine for many centuries. The extracts of fresh and dried
leaves, barks and roots are mainly used as an antidote for treating insecticide-, drug-, arsenic-,
strychnine-, alcohol-, and food poisoning and the effects of chemical toxins [7,8,9,10,11].
Moreover, this plant has been reported to have antioxidant and anti-inflammatory properties
[12,13]. However, recently The Thai Food and Drug Administration (Thai FDA) announced a ban
on producing T. laurifolia for food or drinking products because of a lack of scientific data about
its safety [14,15]. Our previous studies demonstrated that the aqueous leaf extract of T. laurifolia
can reduce nitric oxide production and provide a protective effect on RAW 264.7 macrophage
cells treated with cadmium (Cd) and chlorpyrifos (CP) toxin. Moreover, high performance liquid
chromatography (HPLC) showed that the leaf extract contained the phenolics pyrogallol, caffeic
acid, rosmarinic acid and rutin compounds.

The objectives of this study were to determine the effect of T. laurifolia aqueous extract on
protecting murine macrophages -against MT insecticide, which is the most commonly used
insecticide in fresh produce, and to characterize more comprehensively the phenolic content of the
leaf extract by LC-MS.
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MATERIALS AND METHODS
Chemicals and cell culture media

Chemicals used for determination of cells culture were purchased from Gibco (Carlsbad,
California). Most of the chemicals used for the determination of antioxidant activity and LC-MS
analysis were purchased from Sigma-Aldrich, Seelze, Germany otherwise from Merck, Darmstadt,
Germany; Ajax Finechem, Auckland, New Zealand; QRAC, Selangor, Malaysia; Fisher Scientific,
Leicestershire, England; and LAB-SCAN, Dublin, Ireland.

Plant material

Developing or intermediate stage leaves of T. laurifolia, which can still be folded without breaking
easily, were purchased directly from the contact farmer in Bangkok, Thailand and transported to
laboratory within 24 h of harvesting.

Plant preparation and extraction

Following a traditional folk medicine method, leaves were washed with tap water, drained and air
dried for 5-8 d to obtain a moisture content of 8-10 % (w/w), ground to be a fine powder with 20-
40 mesh, and stored in a dark bottle at room temperature before being used within 6 months. The
powdered leaves were extracted in hot water at 98+1°C (1:10 w/v) for 1 h, and then filtered through
three layers of gauze followed by Whatman No. 4 filter paper. The filtrate was freeze-dried and
stored in a desiccator at 4°C for further study as crude, dried extract (CDE) [16].

Determination of total extractable phenolic content

TPC of the CDE was determined by using the Folin-Ciocalteu assay modified from Tan and
Kassim [17]. Briefly, 500 ul of 1 mg/ml of CDE was added to tube. Then, 2.5 ml of Folin-Ciocalteu
reagent (10% v/v) and 2.0 ml of sodium carbonate (7.5% w/v) were added and mixed thoroughly.
After incubation for 30 min in the dark at ambient temperature, the absorbance was measured at
765 nm using a spectrophotometer. The measured values were compared with a standard curve
prepared with gallic acid and expressed as micromole of gallic acid equivalents/g CDE (GAE/g
CDE).

Determination of total extractable flavonoid content

Total extractable flavonoid compounds were determined by the aluminum chloride colorimetric
method [18]. Briefly, the test sample of 150 pl ethanolic CDE solution was mixed with 2% w/v
AICl3in 96-well plates. After 15 min of incubation in the dark at room temperature, the absorbance
was measured at 435 nm by spectrophotometric microplate reader. The measured values were
compared with a standard curve prepared with quercetin and expressed as micromole of quercetin
equivalents/g CDE (QE/g CDE).

Determination of antioxidant activity

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical scavenging: The
ABTS assay was performed after the modified method of Arnao et al. [19]. The stock solutions
included 7.4 mM ABTS solution and 2.6 mM potassium persulphate solution. The working
solution was prepared by mixing the two stock solutions in equal quantities and allowing them to
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react for 12-14 h at room temperature in the dark. The solution was then diluted by mixing 1 ml
of this solution with 48 ml of distilled water in order to obtain an absorbance of 1.1+0.02 units at
734 nm using a spectrophotometer. ABTS solution was prepared freshly and used within 2 h. The
prepared CDE (150 pl) was mixed with 2.85 ml of ABTS solution and the mixture was kept at
room temperature for 2 h in the dark. The measured values were compared with a standard curve
prepared with Trolox and expressed as pmole of Trolox equivalents/g CDE (TE/g CDE).

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity: DPPH assay was
performed after the modified method of Shimada et al. [20]. Briefly, 1.5 ml of the extract was
added to 1.5 ml of 0.2 mM DPPH in 95% ethanol. The mixture was shaken lightly and incubated
at ambient temperature for 30 min in the dark. The absorbance was determined at 517 nm using a
spectrophotometer. The measured values were compared with a standard curve prepared with
Trolox and expressed as pmole of Trolox equivalents/g CDE (TE/g CDE).

Ferric ion reducing antioxidant power (FRAP) activity: FRAP assay was performed after
the modified method of Benzie and Strain [21]. The stock solutions included 300 mM acetate
buffer [pH 3.6, 3.1 g sodium acetate trihydrate (C2HsNaO,.3H20) and 16 ml acetic acid (C2H40>)],
10 mM 2, 4, 6- tripyridyl-s-triazine (TPTZ) solution in 40 mM HCI, and 20 mM of Iron(l11)
chloride hexahydrate (FeCls.6H-0) solution. The fresh working solution was prepared by mixing
25 ml acetate buffer, 2.5 ml TPTZ solution, and 2.5 ml FeClz.6H20 solution and then warmed to
37°C before use. The CDE at 0.1 mg/ml (150 pl) was allowed to react with 2.85 ml of the FRAP
solution for 30 min in the dark. Readings of the colored product (ferrous tripyridyltriazine
complex) were then performed at 593 nm. The measured values were compared with a standard
curve prepared with Trolox and expressed as pmole of Trolox equivalents/g CDE (TE/g CDE).

Ferrous ion chelating activity (FIC): The ferrous ion chelating assay was performed after
the method of Decker and Welch [22] with modifications. One milliliter of extract solution was
mixed with 3.7 ml of distilled water. The mixture was then reacted with 0.1 ml of 2 mM iron (1)
chloride (FeCl.) and 0.2 ml of 5 mM ferrozine for 20 min at ambient temperature. The absorbance
was read at 562 nm using a spectrophotometer. The control was prepared in the same manner
except that distilled water was used instead of the sample. A standard curve was prepared using
ethylenediaminetetraacetic acid (EDTA). The activity was expressed as pmole EDTA equivalent
(EDTAE)/g CDE.

Determination of phenolic and flavonoid compounds by LC-MS

CDE was dissolved with water (50 mg/ml) before subjected to quantitatively measure by LC-MS
according to the methodology and equipment of the Central Laboratory (Bangkok, Thailand) Co.,
Ltd. LC-MS analysis was performed using an Agilent 1100 series liquid chromatograph/mass
selective detector equipped with a quadrupole mass spectrometer (Agilent Technologies,
Waldrom, Germany). The liquid chromatographic system consisted of a quaternary pump, on-line
vacuum degasser, and thermostatic column compartment, connected in line to a mass spectrometer.
20 pl of the sample was prepared and injected into the HPLC system using LiChroCART RP-18e
column (150%4.6 mm, 5 um). Acetonitrile (solvent A) and 10 mM ammonium formate buffer pH
4 with formic acid (solvent B) were used as mobile phase. The column was first equilibrated with
100% solvent B for 5 min and thereafter the ratio of solvent A was increased to 40% in 60 min
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with flow rate of 1.0 ml/min and column temperature was controlled at 40°C. The mass
spectrometer was fitted to an atmospheric pressure electrospray ionization (ESI) source, operated
in positive ion mode. The electrospray capillary voltage was set to 4000 V, with a nebulizing gas
flow rate at 13 L/min and a drying gas temperature of 320°C. Mass spectrometry data were
acquired in the scan mode (mass range m/z 100-700). Phenolic standards consisted of caffeic acid,
rosmarinic acid and hydroquinone while, flavonoids were catechin, rutin, isoquercetin, eriodictyol,
quercetin, apigenin and kaempferol.

Cell culture

Murine macrophage RAW?264.7 cells obtained from the American Type Culture Collection
(ATCC, USA) were grown and maintained in in RPMI-1640 medium supplemented with 10%
fetal bovine serum and 1% penicillin-streptomycin and incubated in culture flasks at 37°C in a
humidified atmosphere of 5% CO, and 95% air in a cabinet incubator. The cells were harvested
with 0.25% trypsin-EDTA and suspended in a fresh medium. Cells were counted by a standard
trypan blue cell-counting technique [23].

Determination of MT toxicity in RAW264.7 macrophage cells

Cytotoxicity of methomyl (MT) was investigated to determine the concentration causing 50%
cytotoxicity (CCso) by using the MTT assay after the modified method of Mosmann [24]. Briefly,
cells were plated in a 96-well plate at a density of 1x10° cells/ml and allowed to attach for 2 h
before being tested with the MT at various concentrations (100-600 pg/ml) for 24 h. 100 pl of
MTT (0.5 mg/ml) was added to each well and incubated for 2 h at 37°C. After incubation, the
media were aspirated and 100 pl of DMSO was added to each well to dissolve the formazan for
10 min at 37°C before taking readings at 570 nm with a microplate spectrophotometer. The
percentage viability reduction of the population was calculated as follows;

% Cell viability = [ODs/ ODc] x 100
Where S = Sample (MT)
C = Control

The CCso for MT was calculated by plotting the percentage viability versus the concentrations
of MT.

Determination of the effects of CDE on RAW264.7 macrophage cells treated with MT

The effect of the plant extract on RAW 264.7 cells treated with MT at CCso was investigated.
Briefly, cells were plated in a 96-well plate at a density of 1x10° cells/ml and allowed to attach to
the culture plate for 2 h before used in the experiments. Atropine sulfate (AS) was used as a
positive control. Three treatment regimes were used in which the cells were either concurrently
incubated with CDE solution or AS for 24 h, pre-incubated with CDE solution or AS for 24 h
before being aspirated and then treated with MT (CCso), or treated with MT (CCso) for 24 h before
being aspirated and then treated with CDE solution or AS for a further 24 h. In these experiments,
the extract has contact with the cells for 24 h before, after or together with MT as follows:
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Group 1 (Combined-treatment, added the extract and MT (CCso) together)

- Normal control : Media (24 h)

- Negative control : Media and MT at CCsg (24 h)

- Positive control : AS and MT at CCs (24 h)

- Tasted sample : Extract and MT at CCso (24 h)
Group 2 (Pre-treatment, added extract before MT (CCsp))

- Normal control : Media (24 h) + Media (24 h)

- Negative control : Media (24 h) + MT at CCsp (24 h)

- Positive control : AS (24 h) + MT at CCs (24 h)

- Tasted sample : Extract (24 h) + MT at CCso (24 h)
Group 3 (Post-treatment, added extract after toxin (CCsp))

- Normal control : Media (24 h) + Media (24 h)

- Negative control : MT at CCso (24 h) + Media (24 h)

- Positive control : MT at CCsp (24 h) + AS (24 h)

- Tasted sample : MT at CCsp (24 h) + Extract (24 h)

The amount of cell viability was detected by MTT cytotoxicity assay and calculated
percentage of cell viability as followed equation;

% Cell viability = [ODs/ ODc] x 100
Where S = Negative control/Positive control/Tasted sample
C = Normal control

Statistical analysis
Data were subjected to analysis of variance (ANOVA). Comparison of means was carried out by
Duncan’s multiple range tests. Significance was declared at p<0.05 using the statistical software.

RESULTS AND DISCUSSION

Total extractable phenolic and flavonoid contents and antioxidant activity

Leaves of T. laurifolia have been used to prepare a tea and Thai folk medicines for centuries with
therapeutic applications due to antioxidant properties. In the experiments reported here, TPC, TFC
contents and the antioxidant activity of the extract were determined as ABTS, DPPH, FRAP and
ferrous ions chelating activity (FIC) and the results are presented in Table 1. The results showed
that a higher value of TPC in this experiment as 623+6 pmol GAE/g CDE (106+1 mg/g CDE) was
found compared with other previously published data. Thus, Oonsivilai et al. [25] reported that
TPC in aqueous leaf extract of T. laurifolia was 24.33 £ 0.57 mg GAE/ g extract while,
Pukumpuang et al. [26] reported as 22.18 + 1.269 mg GAE/ g extract. The difference of TPC and
TFC contents including the antioxidant activity may depend on many variable factors such as
planting location, extract preparation and stage of leaf development [8,12,26]. In the experiments
reported here, developing leaves of T. laurifolia were extracted with boiling water as a high
polarity solvent Chan et al. [27] reported that the developing leaves of T. laurifolia had the highest
TPC compared with young and mature leaves. Moreover, Oonsivilai et al. [25] reported that the
sample extracted with water showed the highest of TPC followed by ethanol and acetone
extractions, respectively, while Wonkchalee et al. [13] reported that using boiled water for
extraction of dried T. laurifolia leaves gave the highest FRAP assay values compared with using
water at room temperature with both fresh and dried leaf extraction. In this study, the results
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showed that antioxidant activity was highest in DPPH assay followed by the FRAP and ABTS
tests, respectively. It is well known that DPPH assay responds better to less polar antioxidants
[28], which may be more efficiently extracted in these experiments than high polar antioxidant
compounds Actually, using aqueous solvent should provide more high polarity antioxidant
compounds which are easily determined by FRAP and/or ABTS assays [29]. Masek et al. [30]
reported that caffeic acid, a member of the phenylpropanoid phenolic class, exhibited higher DPPH
than ABTS activity. However, in this experiment high temperature water, dried powder and a leaf-
development stage which normally contains less wax cuticle, were used for extraction. These
conditions may destroy more heat sensitive and high polarity antioxidant compounds, leading to a
higher proportion of lesser polarity, high heat resistant compounds instead. In addition, it was
found that TFC and FIC, which can provide both primary and secondary antioxidant activity [31]
found in the present work was high content of TFC with 4,181+26 umol QE/g CDE and FIC with
6x1umol EDTAE/g CDE, respectively. It seemed like TFC in the extract was higher than TPC
even though it could not be directly concluded because of different methods and standard
compounds used. Based on antioxidant activity and TPC, as well as TFC, it was confirmed that
active compounds present in the extract were heat resistant and of medium polarity.

Table 1. Total extractable phenolic, flavonoid contents and antioxidant activity of T. laurifolia
leaf aqueous extract

Activities Extract

Total phenolic and flavonoid contents

TPC 623+6 (umol GAE/g CDE)
TFC 4,181%26 (umol QE/g CDE)
Antioxidant activity

ABTS 993+14(umol TE /g CDE)
DPPH 1,332+4 (umol TE /g CDE)
FRAP 1,122+32 (umol TE /g CDE)
FIC 6+1 (umol EDTAE/g CDE)

TPC means total extractable phenolic content; TFC means total extractable flavonoid content;
GAE means gallic acid equivalent; QE means quercetin equivalent; TE means Trolox equivalent;
EDTAE means EDTA equivalent. Values are represent as mean = standard deviation (n=3).

Phenolic and flavonoid compounds determined by LC-MS

The active compounds in the extract determined by HPLC reported from our previous study
were pyrogallol, caffeic acid, rosmarinic acid and rutin [32]. While, constiuents of T. laurifolia
extract from other scientific reports were gallic acid, caffeic acid, protocatechuic acid, chlorogenic
acid, catechin, rutin, apigenin and rosmarinic acid when identify by HPLC and NMR [8, 33-37].
However, in the present work, LC-MS was used for characterization of phenolic and flavonoid
compounds. Ten standard compounds, including 3 phenolics, such as caffeic acid, rosmarinic acid
and hydroquinone and 7 flavonoids, such as catechin, rutin, isoquercetin, eriodictyol, quercetin,
apigenin and kaempferol, were used (Table 2). The contents of caffeic acid, rutin, isoquercetin,
rosmarinic acid, catechin, quercetin and apigenin were 199.21+20.72, 132.26+11.45, 114.54+6.04,
90.28+14.51, 69.54+11.55, 61.19+8.23 and 41.32+4.16 mg/kg CDE, respectively. However, there
was no pyrogallol as reported earlier. The results of this study showed the presence of caffeic acid,
rutin and isoquercetin as the major compounds. Caffeic acid was reported as a strong antioxidant
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and responsible for different biological activities such as anti-inflammatory and anti-tumor
[38,39,40]. While, rutin was reported to provide a stronger DPPH radical scavenging activity than
butylated hydroxytoluene (BHT) and exhibited lipid peroxidation inhibition better than ascorbic
acid at a concentration of 0.05 mg/ml [41]. However, there were some unknown of phenolic and
flavonoid compounds in this experiment (Fig. 1) which may provide antioxidant activity and other
biological activities, therefore further analysis still needs to be carried out.

Table 2. Phenolic and flavonoid contents of T. laurifolia leaf from aqueous extract
determined by LC-MS

Peak  Compounds Retention [M+H]* References Contents
NO. time (min) (m/z) (mg/kg CDE)
1 Catechin 12.54+0.02 291.0 [42,43,44] 69.54+11.55
2 Caffeic acid 13.03+0.04 181.1 [43,45] 199.21+20.72
3 Rosmarinic acid  14.67+0.27 361.0 [46] 90.28+14.51
4 Rutin 5.34+0.01 611.0  [43,47,48] 132.26+£11.45
5 Isoquercetin 16.46+0.08 465.0 [49] 114.54+6.04
6 Hydroquinone 23.80+0.28 328.3 [50] ND

Eriodictyol 31.25+0.07 289.0 [44,51] ND

Quercetin 34.16+0.28 303.0 [44,51] 61.1948.23

Apigenin 43.35+0.03 271.0 44,49] 41.32+4.16
10 Kaempferol 44.33+0.06 287.0 [42,44] ND

ND=not detected; Values are represent as mean + standard deviation (n=3).
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Figure 1. Chromatogram of phenolic and flavonoid compounds én T. laurifolies aqueous leaf
extract determined by LC-MS.

Cytotoxicity of MT in RAW264.7 macrophage cells

Methomyl (MT), a methyl carbamate insecticide, is reported to induce genotoxicity via
chromosome aberrations, sister-chromatid exchanges and DNA damage and leads to the formation
of micronuclei [52]. From the present work our results indicated that an increase of MT
concentration led to a decrease in cell viability of RAW264.7 macrophage cells, with a strong -
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dependency correlation (R? = 0.9891). In addition, it was found the CCso of MT was 545.57 pug/ml
(Fig. 2) which was then selected as the working concentration for assessing the anti-MT activity
of the extract sample.
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Figure 2. Effect of MT toxicity on cell viability determined by MTT assay

Anti-MT activity of aqueous leaf extract from T. laurifolia in RAW264.7 macrophage cells

The results of anti-MT activity of the extract are shown in Fig. 3. It was revealed that cell survival
was increased when the extract and MT treatments were concurrent or when extract was added
after MT treatment. However, no protective effect was observed after pre-treatment of RAW264.7
cells with extract followed by MT treatment. Thus, it may be that this folk medicine may have a
curative or protective effect for farmers who have been exposed to MT but not for a prophylactic
effect. However, generally, the standard drug atropine sulfate provided a greater protection of cell
viability (Fig. A2, B2). Lertpongpipat et al. [53] reported that drinking Thunbergia tea could
increase the level of cholinesterase, an enzyme located in the intercellular space that is responsible
for acetylcholine degradation in the human nervous system. In fact, this important enzyme was
inhibited by organophosphate and carbamate insecticides which effecting the degradation of
acetylcholine and disbalancing the equilibrium leading to tetany. . Moreover, Chinacarawat et al.
[54] suggested that oral administration of the T. laurifolia extract, at the dose of 600 mg per day
for 2 weeks, did not have any side effects in farmer volunteers who had a high risk of insecticide
intake. However, in the in vitro studies we report here, the extract seemed not help and even at
higher concentrations induced cell death in the pre-treatment group (Fig. 3B1). This may be due
to the cytotoxicity of extract as an acute toxin induced more cell death. Moreover, cell viability
clearly decreased when concentration of the extract exceeded 0.5 mg/ml in both the combined and
post-treatment groups (Fig. 3Al and 3C1). The morphology of cells that showed the highest cell
viability in each of the treatments is shown in Fig 4. The changes of morphology of RAW 264.7
cells were found after adding extract alone or MT and the extract together. Cells shrank, had
abnormal shapes and showed bubble-like protrusions when exposed to the extract alone, MT +
extract or MT +atropine sulfate. This phenomenon is in agreement with the cytotoxicity activity
of the extract that we reported in a previous study where we showed a dose-dependent reduction
of cell viability when concentration of the extract increased [31]. The toxicity of the extract may
be caused by phenolic and flavonoid compounds which have been reported under some
circumstances to induce oxidative stress in cells [55,56]. Thus, possible pro-oxidant properties of
phenolic and flavonoid compounds might be the cause of oxidative damage by reacting with
various biomolecules, such as lipids, proteins and DNA, as has been reported elsewhere [57,58].
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In fact, both phenolic and flavonoid compounds can have antioxidant and pro-oxidant properties
depending on many factors including dose, structure of the particular polyphenol, cellular redox
status or the presence of metal ions in system [58,59]. Moreover, some phenolic and flavonoid
compound such as gallic acid and epigallocatechin gallate (EGCG) were reported to induce H20:
generation, a cause of oxidative stress either intracellular and/or in cell culture medium and toxic
to cells [55,56]. Some researchers reported that EGCG at a high concentration (100 uM) could
induce apoptosis in RAW264.7 macrophage cells by inhibiting autophagy, a lysosomal catabolic
process that degrades accumulated and unnecessary intracellular materials [59,60]. While some
flavonoids, such as apigenin, quercetin, naringenin, fisetin and myricetin, also induced apoptosis
via pro-oxidant action, [61,62]. Furthermore, caffeic acid was reported to induce apoptosis via the
mitochondrial apoptotic pathway [38]. These data emphasize that the type and concentration of
phenolics and flavonoids can lead them to be viewed as ‘good’ or ‘bad’ substances in certain
circumstances. Therefore, the results reported here suggest that caution should be exercised in in
using T. laurifolia extract and that further studies are required, including those to identify which
specific compounds exert anti-MT activity.
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Figure 3. Anti-MT activity on RAW264.7 macrophage cells determined by MTT assay. Al
combined-treatment, B1 pre-treatment and C1 post-treatment with extract, and; A2 combined-
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treatment, B2 pre-treatment and C2 post-treatment with the standard drug atropine sulfate,
respectively. 9 mean different letters are significantly different (p<0.05). Values are represented
as mean = standard deviation (n=3).
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Figure 4. Morphology of RAW264.7 macrophage cells treated with extract, standard drug on
MT toxin at various conditions. C mean normal control; C+MT (CCsg) mean negative control.

CONCLUSION

The aqueous leaf extract of T.laurifolia showed high of antioxidant activity based on TPC, TFC,
ABTS, DPPH, FRAP and FIC. Phenolics, identified by LC-MS consisted of caffeic acid and
rosmarinic acid, while flavonoid compounds were catechin, rutin, isoquercetin, quercetin and
apigenin. The extract showed more effective healing rather than protective functions for anti-MT
in RAW264.7 macrophage cells. Although the extract showed anti-dote function, further study is
still needed.

List of Abbreviations: TPC, Total extractable phenolic content; MT, Methomyl; CCso, 50%
concentration of cytotoxicity; LC-MS, Liquid chromatography—mass spectrometry.
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