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Introduction: Plants containing β-sitosterol and oleamide are important for various diseases. 
So, Dillenia indica, D. obovata, and D. pentagyna were investigated for phytochemicals, 
cytotoxicity and genotoxicity levels on peripheral blood mononuclear cells (PBMCs) and Hela 
cells. The protective effect of D. pentagyna extract on a HepG2 cell line was also investigated. 
Methods: Gas chromatography-mass spectrometry (GC-MS) and high-performance liquid 
chromatography (HPLC) were used for phytochemical analysis. 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction (MTT) and comet assays were 
performed for toxicity testing and protective effects against DNA oxidative damage.  
Results: The major components were oleamide and β-sitosterol at 38.464-58.247% and 5.585-
6.887% with concentration and quantity of β-sitosterol at 0.2-0.37 mg/mL and 0.42-0.964 
mg/g leaf. The D. indica, D. obovata, and D. pentagyna toxicities on PBMCs showed IC50 
values at >430, >430, and 350 µg/mL respectively, with no significant DNA damage (P > 0.05) 
compared to the negative control group. All plant extracts showed toxic activity on Hela cell 
with IC50 values at <0.43 µg/mL and induced significant DNA damage (P < 0.05) compared to 
the negative control group. Conversely, the activity of the D. pentagyna extract indicated low 
cytotoxic activity against HepG2 (IC50>430 μg/mL), no significant (P > 0.05) DNA damage 
induction, significantly (P < 0.05) decreased DNA damage level, and tremendous antioxidant 
effect. Additionally, a combined mixture of all plants in an equal proportion revealed no IC50 
value and insignificant DNA damage. 
Conclusion: All the studied species contained oleamide and β-sitosterol, with toxicity on 
Hela cells without toxicity on PBMC. The D. pentagyna species showed high antioxidant 
effects and no toxicity on HepG2.
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A B S T R A C T

Introduction
Plants, plant-derived extracts, and phytochemicals 
isolated from plants have long been used worldwide 
in the treatments of many diseases. For example, the 
alkaloid morphine, a strong painkiller, is used to treat 

severe pain after an operation, serious injury, and pain 
from cancer and heart attacks; the anti-tussive agent 
codeine; and the anti-spasmodic alkaloid papaverine 
isolated from poppy (Papaver somniferum) (1). 
Cannabidiol (CBD), tetrahydrocannabinol (THC), and 
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other phytocannabinoids and non-phytocannabinoid 
chemicals, such as terpenes and flavonoids have myriad 
pharmacological properties (2-5). Hence, phytochemicals 
are natural resources, which lead to many beneficial uses 
with more sophisticated and modern preparation methods. 
Plants are important sources of novel pharmacologically 
active compounds, with 50% of the approved drugs 
being derived directly or indirectly from plants. Despite 
the current preoccupation with synthetic chemistry 
as a vehicle to discover and manufacture drugs, the 
contribution of plants to disease treatment and prevention 
is still enormous (6). Also, the two substances β-sitosterol 
and oleamide are important in human body function. 
Oleamide is a protective agent against scopolamine-
induced memory loss and has been suggested to be useful 
as a preventive agent against Alzheimer’s disease, insomnia, 
loss of appetite, inflammation, prevention and treatment 
of atherosclerosis, thrombosis, arthritis, and cancer (7-
11). β-sitosterol is as important to health as oleamide; 
it possesses various biological actions such as anxiolytic 
and sedative effects, analgesic, immunomodulatory, 
antimicrobial, anticancer, anti-inflammatory, lipid-
lowering effect, hepatoprotective, protective effect against 
non-alcoholic fatty liver disease and respiratory diseases, 
wound healing effect, antioxidant and anti-diabetic 
activities (12).

There are still many important plants and substances 
that have not yet been studied and mentioned. The more 
plant species we know and study, the more benefits we find 
for humans. Given this, the two substances β-sitosterol 
and oleamide in D. indica, D. obovata and D. pentagyna 
species were examined; the cytotoxicity and genotoxicity, 
as well as DNA protective activity, were also evaluated, 
aimed at plant compounds and usage. 

Materials and Methods
Plant materials 
The mature leaves of three Dillenia species, D. indica, 
D. obovata and D. pentagyna were collected. The plants 
were identified by a proficient botanist, prof. Dr. Aunrat 
Chaveerach, the specimens were kept at the Department 
of Biology, Faculty of Science, Khon Kaen University, 
Thailand, collector no. A. Chaveerach 930, 931, and 934. 
Then the leaves were further processed following the 
below steps.

Methods
Preparation of chemical extracts
To prepare the extracts, the leaf samples were rinsed with 
water and air-dried. A 20 g of sample was then ground into 
a powder, mixed with 125 mL of hexane (analytical grade) 
and filtered through a filter paper at room temperature. 
Next, 80 mL of the filtrate was obtained and stored at 
-20°C until use. The highest extract concentration was 
obtained at 4300 µg/mL. This concentration was used 

as a stock and 10-fold serial dilutions were performed to 
prepare a total of four testing concentrations, 430, 43, 4.3, 
and 0.43 µg/mL for cytotoxicity and genotoxicity assays.

The three study plants were combined in an equal 
proportion as a combined mixture, which was then 
extracted to obtain a concentration of 4,300 µg/mL. Then 
the four testing concentrations, 430, 43, 4.3, and 0.43 µg/
mL were made and used for cytotoxicity and genotoxicity 
assays. 

Gas chromatography-mass spectrometry (GC-MS) analysis 
and component identification 
 The GC-MS analysis of the crude extracts was performed 
using an Agilent Technologies GC 6890 N/5973 inert 
mass spectrometer fused with a capillary column (30.0 m 
× 250 µm × 0.25 µm). Helium gas was used as the carrier 
at a constant flow rate of 1 mL/min. The injection and 
mass-transferred line temperature was set at 280°C. The 
oven temperature was programmed for 70°C to 120°C at 
3°C/min, then held isothermally for 2 minutes, and raised 
to 270°C at 5°C/min. A 1 µL aliquot of the crude extract 
was injected in split mode. The relative percentage of the 
crude constituents was expressed as a percentage using 
peak area normalization. Component identification was 
determined by comparing the obtained mass spectra with 
the reference compounds in the Wiley 7N.1 library.

Cell culture 
In this study human peripheral blood mononuclear cells 
(PBMCs), human cervical carcinoma (HeLa) and human 
hepatoma (HepG2) cell lines were used. PBMCs were 
obtained from 24 mL blood sample collected from healthy 
human from the Central Blood Bank at Srinagarind 
hospital, (Khon Kaen University) into heparinized blood 
collection tubes using sterile techniques. PBMCs were 
isolated using Ficoll-Paque density gradient technique 
(Ficoll-Paque Plus, GE Healthcare). The cells were collected 
by centrifugation and resuspended in phosphate-buffered 
saline (PBS). The cells were cultured in growth medium 
RPMI (Sigma Aldrich, Germany) supplemented with 10% 
fetal bovine serum (HyClone, UK), 2 mM L-glutamine 
(Sigma Aldrich, Germany), 100 IU/mL penicillin (Sigma 
Aldrich, Germany), and 100 μg/mL streptomycin (Sigma 
Aldrich, Germany) at 37oC and 5% CO2. The human 
HeLa and HepG2 cell lines were routinely maintained in 
the growth medium DMEM (Sigma Aldrich, Germany) 
supplemented with 10% fetal bovine serum (HyClone, 
UK), 2 mM L-glutamine (Sigma Aldrich, Germany), 100 
IU/mL penicillin (Sigma Aldrich, Germany), and 100 μg/
mL streptomycin (Sigma Aldrich, Germany) at 37oC and 
5% CO2. 

Estimation of cytotoxicity 
 The cytotoxicity of plant extracts in PBMCs was assessed 
using trypan blue exclusion test (13). The cell suspension 
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was prepared at a concentration of viable cells at 4-6 × 
105 cells/mL. The cell suspension was divided into 1.5 
mL microtubes (500 µL/tube) and incubated with the 
plant extract (50 µL/tube) at 37°C for 24 hours. The cells 
were treated with different concentrations of the plant 
extract diluted with dimethyl sulfoxide (DMSO): 4,300, 
430, 43, and 4.3 µg/mL. The untreated cells (negative 
control) were incubated in a culture medium only. The 
DMSO treated samples were used as vehicle control. Cells 
incubated with 100 µM of H2O2 for 15 minutes were used 
as a positive control. The cytotoxicity of plant extracts 
in HeLa and HepG2 cell lines was analyzed using MTT 
colorimetric cell viability assay (14). The cells were seeded 
at the density of 0.2-0.25 × 106 cell/mL into 96-well plates 
(Greiner, Germany) and incubated for 24 hours at 37oC 
and 5% CO2. Afterwards, plant extracts were added to 
the cell cultures at concentrations ranging from 4.3 μg/
mL to 430 μg/mL. Untreated cells were used as a negative 
control, while DMSO treated cells served as solvent 
control. After further incubation for 24 hours, the MTT 
assay was performed. The absorbance was measured using 
an ELISA plate reader (Human Reader HS, Germany) at 
a wavelength of 570 nm. Cell viability was expressed as a 
percentage of the negative control. Doses inducing 50% 
inhibition of cell viability (the IC50 value) were calculated 
using GraphPad Prism 5.01 (GraphPad Software, USA). 
Each experiment was performed in triplicate.
 
Genotoxicity assay 
The alkaline single-cell gel electrophoresis (comet assay) 
was performed to evaluate DNA damages induced by 
plant extracts according to the method described by (15) 
with slight modifications. Briefly, after incubation with the 
extracts as described above, cell pellets were obtained by 
centrifugation and then resuspended in PBS. A 100 µL of 
0.5% low melting point agarose (LMA) was mixed with40  
µL of the cell suspension. The mixture was dropped onto 
slides that were precoated with 1% normal melting point 
agarose. Next, cover slips (22 mm × 50 mm) were placed 
on top of the slides and stored at 4°C. After 5-10 minutes, 
the cover slips were removed, and slides were submerged 
in a lysis solution (8 M NaCl, 0.6 M EDTA pH 8, 0.2 M 
Tris, 0.1% Triton X-100) for at least 1 hour.  Slides were 
then soaked in electrophoresis buffer (6 mM EDTA pH 10, 
0.75 M NaOH) for 40 minutes. Next, electrophoresis was 
performed for 25 minutes at 26 volts and 300 milliamps 
at 4°C. After electrophoresis, the slides were immediately 
neutralized with 0.4 M Tris buffer (pH 7.5) for 5 minutes. 
The neutralization process was repeated three times for 5 
minutes each. The slides were then stained with 1 µg/mL 
ethidium bromide (60 µL per slide) overnight at 4°C in the 
dark. Comets were observed at 360x magnification with a 
fluorescence microscope Zeiss III RS (Germany) equipped 
with 560 nm excitation filter, 590 nm barrier filter and a 
CCD video camera PCO (Germany). At least 150 cells 

(50 cells for each of triplicate slides) were examined for 
each experimental point. Image analysis software Komet 
4 (Perceptive instruments, UK) was used to analyze the 
content of DNA in the tail (by the relative tail fluorescence 
intensity in percent to the untreated control) and olive tail 
moment (OTM), representing the product of a tail length 
and the percentage of DNA content in the tail of comets.

Protective effect of plant extracts towards DNA oxidative 
damage in HepG2 cell line
Antioxidant activity of non-toxic plant extract, D. 
pentagyna against hydrogen peroxide-induced DNA 
damage was evaluated using comet assay in HepG2 
cell line. The plant extract at the concentration of 430 
μg/mL was added to the cultures of HepG2 cell line 24 
hours after seeding. Experiments were performed in two 
experimental protocols: (I) co-treatment of cells with 
hydrogen peroxide and plant extract, which tested the 
ability of the plant extracts to directly scavenge ROS and 
(II) 24 hours pre-treatment with plant extract followed by 
co-treatment (pre+co-treatment) which, in addition to 
direct scavenging activity, allowed accumulation of plant 
extracts in the cell and induction of enzymatic and non-
enzymatic cellular antioxidants and detoxifying enzymes. 
The untreated cells were used as a negative control (NC), 
cell cultures treated only with H2O2 (50 µM of H2O2 for 5 
minutes) were used as a positive control (PC). The comet 
assay was performed as described above. 

Statistical analysis
Data analysis was performed with GraphPad Prism 
5.01 (GraphPad Software, USA). All experiments were 
repeated at least three times. At least triplicate cultures 
were scored for an experimental point. All values were 
expressed as means ± SE. Data were analyzed by non-
parametric Mann-Whitney U test. P < 0.05 was considered 
as the statistically significant value. 

Results
The phytochemical study on three Dillenia species, D. 
indica, D. obovata, and D. pentagyna by GC-MS indicated 
that oleamide was found as the most abundant constituent 
with 38-58% from the hexane leaf extracts. Additionally, 
β-sitosterol was also found at 6.887%, 5.679%, and 
5.585%, respectively. The GC-MS chromatogram is shown 
in Figure 1, and the phytochemical contents are presented 
in Table 1. The HPLC analysis following chromatograms 
(Figure 2) reported that they contained β-sitosterol 
concentrations of 0.21 mg/mL, 0.25 mg/mL and 0.37 mg/
mL, and quantities of 0.42 mg/g, 0.55 mg/g, and 0.964 
mg/g dried leaf material, respectively (Table 2). 

The results of dose dependent effect of plant extracts on 
the viability of PBMC, HeLa and HepG2 cells are shown 
in Figure 3, and the calculated IC50 values are presented 
in Table 3. The three Dillenia extracts showed slight or 
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no cytotoxic effect on PBMCs. In the case of D. indica 
and D. obovata extracts treatments, the cell viability at 
the highest tested concentration of 430 µg/mL was 77-
79% demonstrating a non-cytotoxic profile for PBMC 
cells. For the D. pentagyna extract, the cell viability at the 
treatment concentration of 430 µg/mL was 48.10±7.02% 
with an estimated IC50 value of 350 µg/mL. The PBMCs 
viability incubated with 100 µM H2O2 (positive control) 
was 39.60 ± 7.09%. 

For the genotoxicity assessment in terms of induction of 

DNA strand breaks in PBMCs, the extract concentrations 
of 430 µg/mL, 430 µg/mL, and 350 µg/mL were tested for 
D. indica, D. obovata and D. pentagyna, respectively, using 
comet assay (Figure 4). The three Dillenia extracts were 
shown to be non-genotoxic since the level of DNA damage 
was statistically insignificant compared to the negative 
control (Table 4). The dose-dependent cytotoxic effects 
of three species on HeLa and HepG2 cells are revealed in 
Figure 3a and 3b. 

However, HeLa cells demonstrated higher sensitivity 

Figure 1. Chromatograms of hexane crude extracts from the leaves of Dillenia indica, D. obovate, and D. pentagyna.

Table 1. Percentage of chemical constituents in relative content by GC-MS of the three Dillenia species

Common name Chemical formula
Relative content (%) 

D. indica D. obovata D. pentagyna

Oleamide C18H35NO 42.21 38.46 58.25

Squalene C30H50 11.29 - -

β-Sitosterol C29H50O 6.89 5.68 5.59

BHT quinone methide C15H22O 5.43 4.50 -

Vitamin E C29H50O2 5.30 - -

Palmitic acid or myristic acid or tridecanoic acid C16H32O2 5.00 4.11 5.55

Stigmasterol C29H48O 3.90 1.38 -

Palmitamide C16H33NO 3.21 3.27 5.00

Cycloartenol C30H50O 2.34 - -

n-Hentriacontane C19H40 0.49 17.13 -

1,5-Dimethyl-6-(1,5-dimethylhexyl) C28H46O2 - 5.68 -

Taraxerol C30H50O - 5.03 -

D-Friedoolean-14-en-3-one C30H48O - 3.65 -

n-Heptadecane C17H36 - 3.39 -

Stearic acid C18H36O2 - 2.31 2.80

Butylated hydroxytoluene (BHT) C15H24O - 1.81 -

Phytol C20H40O - 1.24 3.37

2,6-Di-tert-butylbenzoquinone C15H22O - - 5.73

Linolenic alcohol or α-linolenic acid C18H32O - - 2.02

2,4-Di-tert-butylphenol C14H22O - - 1.87

Unknown 13.95 2.35 9.82
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compared to HepG2 cells, since at the lowest tested 
concentration (0.43 µg/mL) the viability of HeLa cells was 
estimated to be 23.7 ± 2.3%, 34.2 ± 1.8%, and 42.5 ± 3.4% 
for D. pentagyna, D. indica, and D. obovata, respectively. 
For the positive control, 100 µM H2O2, the HeLa cells’ 
viability was 2.68 ± 1.15%. The final concentration used to 
analyze the induction of DNA damages in HeLa cells after 
treatment with D. indica, D. obovata, and D. pentagyna 

Figure 2. Chromatograms showing peaks and peak areas of β-sitosterol in Dillenia indica, D. obovata, and D. pentagyna. 

Table 2. Concentration and amount of β-sitosterol measured by HPLC in 
the three methanol Dillenia species extracts 

Plant Concentration (mg/mL) Amount (mg/g sample)

Dillenia indica 0.21 0.42 

D. obvata 0.29 0.59 

D. pentagyna 0.37 0.96 

extracts, was 0.43 µg/mL. The statistically significant 
increase in the level of DNA damage was observed with 
D. indica and D. obovata extracts treatment; however, it 
was notably lower compared to the positive control (Table 
4). The extract from D. pentagyna was shown to be non-
genotoxic against HeLa cells. As mentioned, the dose-
dependent cytotoxic effect was observed in case of HepG2 
cells after treatment with plant extracts (Figure 3b). The 
IC50 values were possible to estimate for D. indica and D. 
obovata species, whereas D. pentagyna was shown to be 
non-cytotoxic at the highest tested concentration (430 µg/
mL) (Table 3). The slight genotoxic potential in HepG2 
cells was revealed for the D. obovata extracts, whereas D. 
indica and D. pentagyna demonstrated non-genotoxic 
potential (Table 4, Figure 4).

The PBMC cells treated with a combined mixture 
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showed no sign of dose-dependent decrease of cell 
viability (Figure 3d). The cell viability percentages were 
52.19 ± 14.01% (430 µg/mL), 52.59 ± 5.57% (43 µg/mL), 
56.18 ± 4.36% (4.3 µg/mL), and 59.36 ± 7.37% (0.43 µg/
mL). The cell viability did not drastically differ between 
low and high concentrations. Because of no IC50 value, 
the highest concentration (430 µg/mL) of the combined 
mixture was selected for the comet assay. PBMCs did 
not show significant sign of DNA damage, the Olive tail 

moment value was 0.01 ± 0.002, while in the case of negative 
control it was 0.15 ± 0.01. The results of protective and 
antioxidant activity against hydrogen peroxide-induced 
DNA damage of non-toxic plant extract of D. pentagyna 
in HepG2 cells are presented in Table 5. It was shown 
that the extent of DNA damage significantly increased in 
hydrogen peroxide treated cultures (OTM: 13.2 ± 0.96) 
as compared to the negative control (OTM: 5.9 ± 0.65; 
P < 0.05). Both pre-treatment and co-treatment of cell 

Figure 3. Cytotoxic potential of hexane leaf extracts of Dillenia indica, D. pentagyna, and D. obovata species in HeLa (a), HepG2 (b), and PBMC (c). The 
cytotoxicity of formulation in PBMCs (d).

Table 3. The IC50 values of hexane leaf extracts of Dillenia indica, D. pentagyna, and D. obovata species estimated for HeLa, HepG2, and PBMC cells

Plant species
IC50 values, µg/mL

HeLa cells HepG2 cells PBMCs
D. indica <0.43 139±2.6 >430
D. pentagyna <0.43 >430 350
D. obovata <0.43 81±2.1 >430
Combined mixture (D. indica: D. 
pentagyna: D. obovata; 1:1:1) - - >430

Table 4. The level of DNA damage evaluated by comet assay based on Olive tail moment after treatment with hexane leaf extracts of D. indica, D. pentagyna, 
and D. obovata species

NC PC D. indica D. obovata D. pentagyna Combined mixture

HeLa cells

Concentration - 100 µM 0.43 µg/mL 0.43 µg/mL 0.43 µg/mL -

OTM 0.02±0.006 26.07±2.00* 0.08±0.005* 0.81±0.05* 0.06±0.01ns -

HepG2 cells

Concentration - 50 µM 139 µg/mL 81 µg/mL 430 µg/mL -

OTM 5.2±0.89 15.6±1.4* 7.4±1.82 ns 8.2±2.12* 4.2±0.07 ns -

PBMCs

Concentration - 100 µM 430 µg/mL 430 µg/mL 350 µg/mL 430 µg/mL

OTM 0.15±0.01 9.69±1.26* 0.22±0.04ns 0.09±0.01 ns 0.14±0.01 ns 0.01±0.002 ns

OTM, olive tail moment; NC, negative control; PC, positive control (H2O2); PBMCs, peripheral blood mononuclear cells.
* P < 0.05 compared to negative control; ns – P > 0.05 compared to negative control
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cultures by the extract resulted in a significant (P < 0.05) 
DNA repair (OTM: 3.6 ± 0.27 and 7.3 ± 0.34 compared 
to the positive control hydrogen peroxide treated cells). 
However, pre-treatment of cultures with the plant extracts 
was more efficient in reducing DNA damage levels than 
co-treatment.

Discussion 
The research results showed that the three Dillenia species, 
including D. indica, D. obovata, and D. pentagyna are new 
potential resources for improving human health to use 
given the high levels of oleamide and β-sitosterol they 
contain. Aside from the three studied Dillenia species, D. 
indica, D. obovata, and D. pentagyna, nine Dillenia species 
found in Thailand have been studied for their oleamide 
contents (16), but β-sitosterol was not studied in this plant 
group. This study is the first to show the two important 
substances found together in these three Dillenia 
species, which can be used in various diseases given the 
substances’ physiological properties. Beta-sitosterol in the 
form of plant, substance, or plant extract can be used in 
supplements, cosmetics, medical settings, modern herbal 
products, etc. The physiological actions in the human 
body include anti-inflammatory, chemopreventive, 
hypocholesterolemic, wound healing, antioxidant, and 
anti-diabetic effects. It is also used for benign prostatic 
hyperplasia and prostatic cancer treatment (17-21). The 
plants or extracts can be used in natural product creation 

such as hair supplements for hair growth improvement 
and hair loss reduction, given the better absorption 
and improved activity for the treatment of alopecia 
in shampoos and hair serums (22-24). In this regard 
Polygonum multiform and saw palmetto (Serenoa repens) 
have been used in hair care products (23). In addition to 
the β-sitosterol substance contained in the Dillenia species, 
there were high quantities of oleamide percentage-wise as 
elucidated by the GC-MS method. However, HPLC was 
used for the amount and concentration measurements 
and showed oleamide at 1.01 mg/g plant sample and 0.326 
mg/mL, 1.12 mg/g plant sample and 0.374 mg/mL, and 
1.17 mg/g plant sample and 0.262 mg/mL in D. indica, D. 
obovata, and D. pentagyna, respectively (7). The role of 
oleamide in human body is very important, such as stress-
reducing, memory improvement used for Alzheimer’s, 
inducing deep sleep, improving appetite, and as an anti-
inflammatory without toxicity (7,8,9,16). 

When plants contain vital phytochemicals, the 
combined mixture needs to be examined in terms of 
toxicity, both cytotoxicity and genotoxicity. The mixture 
showed non-toxicity on PBMCs and on the cell level 
because the mixture had greater proportions of the non-
toxic D. indica and D. obovata than the proportion of the 
more toxic D. pentagyna. However, even though there was 
an IC50 value of 350 µg/mL for D. pentagyna, this predicted 
an LD50 of 934.100 mg/kg, which categorized it as a WHO 
Class II (50-2,000 mg/kg body weight, oral), and Class 

Figure 4. The comet assay performed in PBMCs, HeLa, and HepG2 cells treated with hexane leaf extracts of D. indica, D. pentagyna, and D. obovata 
species at IC50, 430 µg/mL or 0.43 µg/mL (if IC50 value was higher or lower of the tested concentrations) concentrations. NC: negative control; PC: positive 
control; The scale bar is 10 μM.

Table 5. The level of induced oxidative DNA damage in human hepatoma HepG2 cell line after treatment with D. pentagyna hexane leaf extract

Plant extract
Pre-treatment Co-treatment

%DNA in tail OTM %DNA in tail OTM

Negative control (un-treated cells) 13.3 ± 1.3 5.9 ± 0.65 13.3 ± 1.3 5.9 ± 0.65

Positive control (PC) 29.8 ± 1.84 13.2 ± 0.96 29.8 ± 1.84 13.2 ± 0.96

Dillenia pentagyna 6.74 ± 0.81#* 3.6 ± 0.27#* 16.5 ± 0.67* 7.3 ± 0.34*
# P < 0.05 in comparison with negative control; * P < 0.05 in comparison with the positive control; PC: cells treated with 50 µM H2O2 for 5 min.
OTM: Olive tail moment.
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Ib (50-200 mg/kg body weight, dermal) moderately to 
highly hazardous toxic chemical. In order to meet this 
classification, a 50 kg body weight person would have to 
consume a 2500-100 000 mg dose or apply on the skin a 
2500 -10 000 mg dose. In terms of humans, who are quite 
different from rats both in body size and genetics, it is very 
difficult for people to consume or apply to the skin such 
a high dose corresponding to going over the threshold for 
no toxicity in our DNA results.

The study of protective effects of D. pentagyna extract 
showed that pre-treatment of the cultures with the extract 
was more efficient in reducing DNA damage levels 
than co-treatment. An especially remarkable protective 
effect was found in the case of cells pre-treated with D. 
pentagyna, as DNA damage level significantly decreased 
even in comparison with the level of background DNA 
damage in the negative control (P < 0.05). Therefore, 
stronger protection was obtained via pre-treatment than 
in co-treated cells for the tested extract, indicating that in 
addition to direct scavenging of ROS, the accumulation 
of plant extract in the cell increased the induction of 
enzymatic and non-enzymatic cellular antioxidants and 
detoxifying enzymes, thus leading to the elevation of 
cellular antioxidative defenses. Here the tremendous 
antioxidant effect on the cellular level, based on biological 
response (DNA-damage) was shown. It is assumed that 
phenolics and flavonoids appear to be major contributors 
to the antioxidant potential of those extracts. However, 
the major constituents of D. pentagyna extract, oleamide 
and β-sitosterol, and their role in cell antioxidant 
defenses cannot be ignored. Indeed, oleamide is a ligand 
of thioredoxin reductase enzyme known to catalyze the 
reduction of thioredoxin, a component of the cellular 
defense system against oxidative damage (25).

The experiment of the combined mixture further 
assures that the utilization of these three plants for health 
promotion and disease treatment is good, non-toxic, and 
is likely to be highly effective based on the properties of 
the two active ingredients. 

Conclusion
All of the experimental aspects of this study after 
phytochemical measurements, including toxicity testing 
in PBMCs, HeLa, and HepG2 cell lines plus antioxidant 
activity, were done to ensure that they will be able to be 
fully utilized for human health. Given this, D. indica, D. 
obovata, and D. pentagyna may be used in traditional 
and modified forms according to modern scientific 
measurements that are presently available. They can 
be potentially used as natural resources with several 
advantages stemming from the β-sitosterol and oleamide 
compounds that the plants contained. 
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