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A B S T R A C T

2-oleyl-1,3-dipalmitoyl-glycerol (ODG) was obtained from Platonia insignis (bacurizeiro) seeds. There are no
studies on its toxicity and protective activities against oxidative stress. This study was aimed to evaluate anti-
oxidant effects in vitro, as well as to evaluate the toxicological and mutagenic effects of the ODG. ODG showed a
median lethal dose (LD50) greater than 1200 μg mL−1 in A. salina. In the assay of A. cepa (0.2–0.002 mg mL−1)
the ODG compound at the highest concentration was slightly cytotoxic with decrease in the size of roots and
mitotic indexes, but did not induce chromosomal alterations. ODG (8.75–140.00 μg mL−1) was found to reduce
nitric oxide production by 41.6 %, while the antioxidant standard ascorbic acid (AA) reduced 54.14 %. ODG
(15.625–250.00 μg mL−1) promoted removal of the hydroxyl radical by 35.69 % at the highest concentration
and was able to prevent lipid peroxidation induced by 2,2'-azobis-2-amidinopropane (AAPH), inhibiting the
amount of TBARS formed, up to 35.69 %, a result close to that obtained with AA. Thus, ODG moderately reduced
the levels of hydroxyl radicals, nitric oxide, and TBARS in vitro and was nontoxic at low concentrations.

1. Introduction

Plants are a rich source of therapeutic agents for the prevention and
treatment of numerous diseases comprising about 60 % of pharma-
ceuticals [1]. The incessant search for new drugs from plants led to the
discovery of many metabolites with potential for drug development
through the isolation, elucidation of structure, composition and eva-
luation of bioactivity based on phytochemical composition and uses in
traditional medicine [1,2].

In this context, the plants belonging to the family Clusiaceae have
potential medicinal value and are widely used in popular medicine
mainly in Brazil. Several studies involving the biological-pharmacolo-
gical properties of this family can be observed in the literature where
the majority of these studies concentrate, mainly, in the vegetal extracts
[3]. This family includes trees, shrubs, lianas and herbs of economic

interest for the production of edible fruits, woods, chemicals of phar-
maceutical interest and paints [4]. Related studies on the chemical
composition of the plants of this family indicate that they are rich in
xanthones and polyisoprenylated benzophenones that were isolated not
only from the resins, but also in other parts of the plants [5,6]. The
known biological activities include antidepressive, antioxidant, anti-
fungal, anti-HIV and antibacterial activity.

P. insignis is a species belonging to the family Clusiaceae occurs in
the Amazon to Piauí, where its fruit (bacuri) is very much consumed in
natural or processed forms [7]. The greases obtained from bacuri seeds
are commonly used as cicatrizantes and anti-inflammatory agents [8].
There are reports in the literature where the extracts of the seeds,
fractions and isolated compounds were tested in several biological ac-
tivities and presented promising results as, reduction of oxidative stress
[9–11], elimination of parasites [12,13] and enzymatic inhibition of α-
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glucosidase and acetylcholinesterase [14,15]. Immuno-modulatory ef-
fects and low in vivo toxicity have also been reported for extracts ob-
tained from seeds [4].

P. insignis seeds are rich in fatty acids, triacylglycerols and meta-
bolites with potential therapeutic activity, such as xanthones that ex-
hibit antiepileptic and antiparasitic effects [6,16] and poly-
isoprenylated benzophenones, with vasorelaxant effect in animal
models [17]. A triacylglycerol isolated from the hexane extract of its
seeds, 1,3-distearyl-2-oleylglycerol (TG1), in formulations, was effec-
tive in healing wounds in rats [18].

Free Radical is defined as any atom or molecule that has one or
more unpaired electrons being commonly formed in biological pro-
cesses and can be eliminated by antioxidant defenses [19]. Antioxidants
can act as biologically important defenses against reactive species de-
rived from oxygen (EROS) and nitrogen (ERNS) by preventing or re-
ducing oxidative damage to human tissues produced by these reactive
species.

The process of development of new drugs with antioxidant action
has become an important object of research since the current phar-
macological therapy for the treatment of various neurodegenerative
diseases such as Alzheimer's, Parkinson's, multiple sclerosis,
Huntington's disease, as well as epilepsy and some types of neoplasms
can be performed due to the antioxidant properties of many natural
and/or synthetic compounds [20]. In addition, compounds with anti-
oxidant action may delay aging [21]. Thus, the search for new anti-
oxidant agents is extremely necessary and currently it is an object of
interest in new research by the pharmaceutical industry.

In this scenario, the compound 2-oleyl-1,3-dipalmitoyl-glycerol
(ODG) (Fig. 1) is a triacylglycerol obtained from P. insignis seeds, for
which there are no reports in the literature about their toxicity and
protective activities against oxidative stress (OS), thus justifying the
need to carry out this study. Considering the medicinal potential of the
compounds obtained from P. insignis, this study was aimed to evaluate
antioxidant effects in vitro, as well as to evaluate the toxicological and
mutagenic effects of the 2-oleyl-1,3-dipalmitoyl-glycerol (ODG) com-
pound, isolated from the dichloromethane fraction of the hexanic ex-
tract of the bacuri seeds.

2. Materials and methods

2.1. Reagents and chemicals

Potassium dichromate (K2Cr2O7) and copper sulphate
(CuSO4.5H2O), FeSO4, Griess modified reagent, 2-deoxyribose, 2-thio-
barbituric acid, (2,20-azobis(2-amidinopropan) dihydrochloride
[AAPH]); sodium nitroprusside (SNP), trichloroacetic acid, hydrogen
peroxide, ascorbic acid, acetic acid, and polyoxyethylenesorbitan
monolate (Tween 80); dimethyl sulfoxide (DMSO) were purchased from
Sigma Co. All other reagents were of analytical grade.

2.2. Preparation of the samples

The ODG compound was isolated from the dichloromethane fraction
of the hexanic extract obtained from P. insignis seeds according to the
methodology described by Cavalcante et al. (2019), [14]. The structure
was elucidated by spectroscopic techniques (1H NMR, 13C NMR and FT-
IR shown in supplementary material). The ODG compound and ascorbic
acid (AA) were solubilized in 0.05 % (v/v) Tween 80 and saline solution
with NaCl 0.9 % (w/v).

2.3. Toxicity tests

2.3.1. Artemia salina lethality test
Toxicity to Artemia salina was performed according to the assay

proposed by Mclaughlin et al. [22]. Solutions with ODG (75–1200 μg
mL−1) were prepared in triplicate and a negative control was prepared
with saline solution alone. Subsequently, 10 nauplio in each tube were
added to these solutions. After 24 h counting the survivors were per-
formed, the procedure was repeated at intermediate concentrations to
determine the median lethal dose (LD50).

2.3.2. Allium cepa toxigenic assay
The cytotoxicity and mutagenicity of the ODG compound in Allium

cepa was conducted according to Guerra and Souza (2002) [23]. When
roots of A. cepa with approximately 1.0 cm were placed in the solutions
with ODG (0.002–0.2 mg mL−1), in triplicate and observed at different
exposure times (24, 48 and 72 h). Root size (RS) was used as an eva-
luation of toxicity. The mutagenic potential was evaluated by analyzing
the total chromosomal alterations (TCA) and micronuclei in the

Fig. 1. Chemical structure of 2-oleil-1,3-dipalmitoil-glicerol (ODG).
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meristematic cells of A. cepa, observing 1000 cells per bulb. The cyto-
toxic potential was determined by the mitotic index (MI). The positive
control (PC) was the diluted 6 × 10−4 mg mL−1 copper sulphate and
the negative control (NC) was distilled water only.

2.4. Antioxidant activity

2.4.1. Inhibition test of nitric oxide radicals (NO%)
The radical nitric oxide (NO·) was generated from the spontaneous

decomposition of sodium nitroprusside (SNP) in phosphate buffer 20
mmol L−1 (pH 7.4). After generation, NO% interacts with oxygen to
produce nitrite ions, which was measured by Griess reaction [24]. The
200 μL of solutions in triplicate of the ODG compound of P. insignis
seeds at 5 concentrations: 8.75 μg mL−1; 17.5 μg mL−1; 35 μg mL−1; 70
μg mL−1 and 140 μg mL−1 and ascorbic acid (AA) were added 1.0 mL
of the 10 mmol L−1 SNP reaction medium in 20 mmol L−1 sodium
phosphate buffer in pH 7.4. Subsequently, the tubes were placed in a
water bath at 37 °C for 1 h. The 500 μL of Griess reagent was added
until complete homogenization. After 10 min the absorbances were
measured at 540 nm (AJX-3000PC UV–vis spectrophotometer).

The percentage reduction in nitrite production (%) was calculated
from the formula % = SNP - C, where SNP corresponds to sodium ni-
troprusside, which is equivalent to the maximum production percen-
tage (100 %) of the nitrite radical, and C corresponds to production of
nitrite in the presence of ODG in the concentrations (8.75–140 μg
mL−1). The results were expressed as percentage of nitrite formed by
SNP alone [25].

2.4.2. Inhibition test of hydroxyl radicals (OH%)
Hydroxyl radicals were generated by the Fe3+-ascorbate-EDTA-

H2O2 system. This assay was performed by a standard method [26]. The
200 μL of triplicate solutions of the compound ODG in 5 concentrations:
15.625 μg mL−1; 31.25 μg mL−1; 62.5 μg mL−1; 125 μg mL−1 and 250
μg mL−1 and from the positive control AA at the same concentrations
were added 480 μL of the reaction medium and 20 μL of FeSO4 solution
6 mmol L−1. After 15 min at room temperature 500 μL of phosphoric
acid 4 % was added, followed by the addition of 500 μL thiobarbituric
acid – TBA 1 %. The solutions were heated in a water bath for 1 h at 37
°C and then cooled to room temperature for 10 min. The absorbances
were measured at 532 nm (AJX-3000PC UV–vis spectrophotometer).
The percentages of reduction in the production of malonaldehyde (%
MDA) were calculated from the formula %MDA = System - C where,
the System corresponds to a mixture of FeSO4, 2-deoxyribose, H2O2 and
phosphate buffer equivalent at the maximum production percentage
(100 %) of malonaldehyde, and C corresponds to the percentage of
malonaldehyde production in the presence of ODG and AA in various
concentrations (15.625–250 μg mL−1) [25].

2.4.3. Lipid peroxidation assay (TBARS)
In this essay egg yolk was used as a homogenate medium rich in

lipids, according to the methodology proposed [27,28]. The 200 μL of
the solutions of the compound ODG in 5 concentrations: 15.625 μg
mL−1; 31.25 μg mL−1; 62.5 μg mL−1; 125 μg mL−1 and 250 μg mL−1

and the AA control at the same concentrations were transferred in tri-
plicate to tubes with 500 μL of the egg yolk homogenate in 50 mmol
L−1 phosphate buffer (pH 7.4). Then about 100 μL to 0.12 mol L−1 of
2,2'-azobis-2-methylpropinamide dihydrochloride (AAPH) were added
to induce lipid peroxidation. Soon after, the system was kept under
stirring for 0.5 h at 37 °C. After cooling, 500 μL of trichloroacetic acid
was added and the system was centrifuged at 100 rpm for 10 min. To
500 μL of the supernatant was added 500 μL of thiobarbituric acid. The
reaction was kept under heating at 95 °C for 0.5 h. Absorbances were
measured at 532 nm (AJX-3000PC UV–vis spectrophotometer). The
results were expressed as percentage of TBARS formed by AAPH alone
(control induced during lipid peroxidation). The percentage of the
production of TBARS (%TBARS) was calculated by the formula:

%TBARS = [(Abscontrol(AAPH) - Abs reaction mixture)] x 100/Abscontrol
(AAPH).

The antioxidant activities were expressed as EC50, defined as the
effective concentration of the ODG compound required to reduce the
initial concentration of the generated radicals by 50 %.

2.5. Statistical analyzes

The results are presented as mean± standard deviation (SD). The
data were analyzed by means of analysis of variance (ANOVA) followed
by One-way, and Bonferroni’s tests by using GraphPad Prism (version
6.0). For statistical significance of the antioxidant assays, a unidirec-
tional analysis of the variance followed by the multiple comparison of
Holm-Šídák was used. Statistical significance was defined as p ≤ 0.05
in relation to control, at confidence level of 95 %. EC50 values were
calculated by linear regression analysis between percent inhibition
against compound concentrations.

3. Results and discussion

3.1. Toxicity against Artemia salina of the compound 2-oleyl-1,3-
dimalpitoyl-glycerol

Toxicity tests are essential for the development of synthetic or
natural medicines. Preclinical analyzes in vitro, in silico and in biological
systems reveal specific toxic effects and safe doses that will guide future
research [29].

The bioassay with A. salina is considered useful for preliminary
evaluations of general toxicity, being widely used due to its low cost
and rapidity [30]. The LD50 of the ODG, a lethal dose capable of killing
50 % of nauplii, was considered to be greater than the highest tested
concentration, 1200 μg mL−1 in A. salina. Therefore, the ODG sub-
stance can be considered to have low toxicity, as proposed by
Mclaughlin et al. (1998) [31] and when compared to the di-
chloromethane and ethyl acetate fractions of the ethanolic extract of
the bacuri seeds, which had a mean toxicity of 24.89 and 129.0 μg
mL−1, respectively [16]. The low cytotoxicity presented by the ODG
corroborates with results obtained with another triglyceride isolated
from the bacuri seeds, TG1 in cancer cells [32].

The results of this assay are shown in Table 1. There were no nauplii
deaths at the five concentrations tested as well as the negative control.

The ODG compound showed no toxicity to A. salina, since the
LD50> 1200 μg mL−1. According to the World Health Organization
(WHO), substances with LD50 values below 1000 ppm in A. salina are
considered to be non-toxic [33].

3.2. Cytotoxicity tests against Allium cepa of the compound 2-oleyl-1,3-
dimalpitoyl-glycerol

The toxicogenic characterization of ODG was evaluated by macro-
scopic and cytogenetic parameters: root size; mitotic index and total
chromosome alterations. From Table 2, its evident that in the lowest
concentrations of the isolated compound ODG (0.002 and 0.02 mg
mL−1) the results regarding toxicity, measured by root size (RS) and

Table 1
Results of the toxicity test against Artemia salina. n = 6 in triplicate.

Groups Number of nauplii (t =0 h) Number of nauplii (t =24 h)

NC 10 10
1200 μg mL−1 10 10
600 μg mL−1 10 10
300 μg mL−1 10 10
150 μg mL−1 10 10
75 μg mL−1 10 10

NC: negative control artificial saline solution.
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cytotoxicity, as measured by the mitotic index, showed statistically
significant nontoxic effects. However, in the highest concentration
tested, it was slightly toxic and cytotoxic as compared to the negative
control (NC) at the exposure time, evaluated at 72 h, where the RS
decreased from 206.20±9.87 to 127.84±8.78 the MI had a reduction
from 53.80± 4.84 to 29.89±4.12. Regarding the mutagenic evalua-
tion, as measured by total chromosome alterations, it can be observed
that none of the concentrations tested showed a statistically significant
genotoxic effect as shown in Table 2.

Another toxic and cytotoxic test used was Allium cepa. This assay is
considered to be one of the best in vivo cytogenetic evaluation systems
due to its high sensitivity, good correlation with other test systems, in
addition to the convenience of large numbers of chromosomes (2n =
16), results can be extrapolated to other animals and plants [34,35].

Macroscopic analysis (root growth) of A. cepa, and MI, which is
calculated by dividing the number of cells divided by the total number
of cells observed, showed that ODG had a significant toxic effect on the
test concentration (0.2 μg mL−1), compared to the negative control
(p< 0.001). A reduction in MI can be interpreted as cell death resulting
from abnormal cell conditions caused by the treatment, ranging from
the normal course of the cell cycle, DNA breakage, inhibition of mi-
crotubule formation, to the reduction of ATP levels, important in the
dynamics of cell division [36]. However, mutagenicity was not sig-
nificant when compared to the control. This result shows that the
compound has low and selective toxicity and is dependent on high
concentrations, similar to another compound isolated from bacuri
seeds, Garcinielliptona FC (GFC), which in mice presented low fre-
quency of damage to the bone marrow, liver and central nervous system
[13].

3.3. Inhibition test of nitric oxide radicals (NO%)

The antioxidant assays of medicinal plants are performed to eval-
uate their contribution in minimizing the effects of oxidative stress on
pathophysiological processes, as occurs in neurodegenerative diseases
[37]. In Alzheimer's disease (AD) oxidative stress contributes to accel-
erate pathological processes related to pathology, such as memory
impairment and amyloid plaque deposition [38]. Although the body
provides endogenous antioxidant defenses, excess oxidative stress
causes an imbalance, which can be counterbalanced by supplementa-
tion with natural antioxidants [39]. Thus, substances obtained from
natural products could be an alternative for the prevention and control
of oxidative stress, and consequently, modulate the underlying neuro-
degenerative mechanisms [40], as the natural substance ODG.

The results shown in Fig. 2 demonstrate that the ODG compound
was able to decrease the nitrite content from sodium nitroprusside in a
moderate manner, and in a concentration dependent manner, when
compared to the AA control. The concentrations used (8.75, 17.50,
35.00, 70.00 and 140 μg mL−1) of ODG and the AA control reduced

nitrite production in (23.44, 26.58; 35.35, 38.19 and 41.6 %) and
(25.66, 33.47, 41.96, 50.32 and 54.14 %), respectively. The con-
centration of ODG that reduced 50 % of the nitrite radical (EC50)
content was approximately 29.92 μg mL−1 while that of the EC50 as-
corbic acid was 29.77 μg mL−1 values as can be seen in Table 3.

ODG effects against the production of the metabolite nitrite by de-
composition of sodium nitroprusside (SNP). Values represent the
mean±E.P.M. of the values of inhibition in vitro, n = 5 experiments in
triplicate. Statistically significant "p" is considered when ** p ≤ 0.01; *
p≤ 0.05 when compared to control. Unidirectional analysis of variance
followed by multiple comparison of Holm-Šídák.

Nitric oxide (NO)% is an essential bioregulatory molecule with many
physiological functions. However, the chronic expression of the nitric
oxide radical is associated with several carcinomas and inflammatory
conditions [41]. Sustained levels of production of this radical are di-
rectly toxic to the tissues and contribute to vascular collapse, cerebral
hypoperfusion with consequent neural degeneration as occurs in AD
[42,43]. The toxicity of NO· increases greatly when it reacts with the
superoxide radical and forms peroxynitrite (ONOO−) highly reactive to
cell membranes [44]. Antioxidant substances act by competing with
nitric oxide for oxygen and can thus inhibit the production of nitrite
ions and reduce membrane [45,46]. The ODG compound moderately
reduces the nitrite content formed by the Griess reaction at con-
centrations close to ascorbic acid, so its use in the prevention of the
lesions produced by nitric oxide to the cell membranes in vivo meth-
odologies is stimulated.

The ODG substance was able to sequester the NO% radical and
consequently decrease the nitrite content formed significantly by up to
41.6 % at the highest concentration tested, and that the ascorbic acid
used as a positive control at the same concentration reduced the for-
mation of the nitrite in 54.14 % (Fig. 2). Better results than those ob-
tained by Moukett et al. (2015) when he used the ethanolic and hy-
droethanolic extracts of the Piper guineense stem at a concentration of
150 μg mL−1 [47]. The effective concentration (EC50) of ODG reducing
the nitrite radical content by 50 % was approximately 29.92 μg mL−1,
varying from 24.97 to 35.86 μg mL−1 with a 95 % confidence interval
and R2 of 0.9260. The EC50 of the positive control AA was 29.77 μg
mL−1 ranging from 23.50 to 37.70 μg mL−1 with a 95 % confidence
interval and R2 of 0.8890 (Table 3) with those similar values it can be
said that the ODG substance is natural antioxidant as good as the
synthetic antioxidant ascorbic acid.

The results obtained from the EC50 of ODG were significantly better
than those found by Moukett et al. [47] in ethanol extracts, leaves (EC50

= 126.51 μg mL−1) and stem (EC50 = 538.83 μg mL−1), as well as in
hydroethanolic extracts, leaves (EC50 = 83.39 μg mL−1) and stem
(EC50 = 433.17 μg mL−1) of P. guineense.

Values close to that found were determined in experiments per-
formed by Sannigrahi et al. [48], where the ethyl acetate fraction of
Enhydra fluctuans Lour's methanolic extract, widely used by indigenous
medicine for different purposes, also moderately inhibited nitric oxide
in dose dependent manner with an average effective concentration
(EC50) of 26.1 μg mL−1. In tests with Rhododendron anthopogonoides
Maxim, a traditional Tibetan medicinal species, an EC50 of
183.83±2.34 μg mL−1 [46] was obtained, much higher values com-
pared to ODG.

3.4. Inhibition test of hydroxyl radicals (OH%)

Hydroxyl radical scavenging activity was quantified using oxidative
degradation of 2-deoxyribose in vitro, which produces malonaldehyde
by condensation with 2-thiobarbituric acid, forming a pink chromogen
[49,50]. At the concentrations tested, ODG was able to reduce the hy-
droxyl radical moderately and in a concentration dependent manner
when compared to the AA control. The concentrations used
(15.625–250 μg mL−1) of ODG and the AA control reduced hydroxyl
production in (19.92, 20.66, 24.87, 25.79 and 35.69 %) and (21.51,

Table 2
Evaluation of toxic, cytotoxic and mutagenic effect of ODG in meristematic cells
of Allium cepa.

Treatment Toxicity Cytotoxicity Mutagenicity
RS (mm) MI TCA

NC 206.20±9.87b 53.80± 4.84b 2.80±0.83b

PC 71.40± 7.73ª 11.36± 0.59a 29.20± 2.95ª
0.002 mg mL−1 244.66±11.23b 49.20± 2.37b 6.00±2.34b

0.02 mg mL−1 164.64±10.94b 45.45± 4.67b 3.80±2.49b

0.2 mg mL−1 127.84±8.78ª 29.89± 4.12ab 6.90±2.58b

RS: root size; MI: mitotic index; TCA: total chromosomal alterations; NC: ne-
gative control (distilled water); PC: positive control (aqueous solution of copper
sulphate at 6 × 10−4 mg mL−1). ANOVA-One-way and Bonferroni post-test. n
= 5. Significant values (MD±SD) of p< 0.05 for b compared to the untreated
group, a to PC.

A. do Nascimento Cavalcante, et al. Toxicology Reports 7 (2020) 209–216

212



23.38, 26.51, 38.88 and 43.23 %), respectively (Fig. 3). The average
effective concentration (EC50) of ODG for inhibition of hydroxyl radical
formation was approximately 118.9 μg mL−1, in its turn, the EC50 value
of ascorbic acid was approximately 85.57 μg mL−1 as shown in Table 3.

The results obtained from the EC50 of the ODG were significantly
better than those found by Moukett et al. [47] in the ethanolic extracts
of the stem (EC50 = 211.37 μg mL−1) and hydroethanolic extracts of
the stem (EC50 = 173.79 μg mL−1), however, when compared to the
ethanolic extracts of the leaves (EC50 = 82.94 μg mL−1) and hydro-
ethanolic (EC50 = 53.56 μg mL−1) of P. guineense, the values of the
substance ODG were less effective.

ODG effects on the removal of hydroxyl radical. Values represent
the mean±E.P.M. of the values of inhibition in vitro, n = 5 experi-
ments in triplicate. Statistically significant "p" is considered when ** p
≤ 0.01; * p ≤ 0.05 when compared to control. Unidirectional analysis
of variance followed by multiple comparison of Holm-Šídák.

Hydroxyl radicals are also involved in the pathogenesis of many
diseases. They are generated under physiological and pathological
conditions, and are the main reactive species of oxygen, causing lipid
peroxidation and enormous biological damages [41,51]. When these
radicals react with polyunsaturated fatty acids of cell membrane
phospholipids hydroxyl radicals produce lipid hydroperoxides that can
be decomposed by numerous carbonyl products, such as mal-
ondialdehyde [52]. Carbonyl products are responsible for damage to
DNA and proteins, culminating in cancer and aging-related diseases.
Thus, the decrease in MDA concentration indicates the role of the
compounds tested as antioxidant [53]. In Alzheimer's MDA content is
increased as a consequence of the vulnerability to lipid peroxidation of
the brain, which occurs due to the presence of a rich content of fatty
acids and phospholipids in their membranes and their high oxygen
consumption [54].

The compound ODG suppressed degradation of deoxyribose with
hydroxyl radical mediated a concentration dependent manner, as the
AA. ODG was able to inhibit the OH% radical by 36 % in the highest
concentration tested, while ascorbic acid, used as a positive control at
this same concentration, reduced hydroxyl radical formation by almost
44 % (Fig. 3). The EC50 of ODG for inhibition of hydroxyl radical

Fig. 2. Antioxidant capacity of the substance ODG and the positive control ascorbic acid, in different concentrations (8.75–140 μg/mL), against the production of the
nitrite radical.

Table 3
EC50 of in vitro antioxidant potential of ODG and AA in TBARS production,
(OH)% hydroxyl radical content and nitrite formation.

Test in vitro ODG AA

EC50 (μg mL−1)

EC50 95% EC50 95%

NO· 29.92 24.97–35.86 29.77 23.50–37.70
OH· 118.90 88.06–158.6 85.57 72.79–100.6
TBARS 69.39 45.57–105.7 26.80 14.02–51.22

EC50: Efetive concentration 50 % in μg mL−1; 95 %: Confidence Interval in μg
mL−1.

Fig. 3. Antioxidant capacity of the substance ODG and the positive control ascorbic acid, in different concentrations (15.625–250 μg/mL), against the hydroxyl
radical formation.
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formation was approximately 118.9 μg mL−1 ranging from
88.06–158.6 μg mL−1 with 95 % confidence interval and R2 of 0.8177
on the other EC50 of ascorbic acid was approximately 85.57 μg mL−1

ranging from 72.79–100.6 μg mL−1 with a 95 % confidence interval
and R2 of 0.9327 as can be observed in Table 3. The EC50 of the ODG
was 1.4 higher than that of AA. The results obtained with the compound
ODG are lower than those found for the hexanic extract of the bacuri
seeds and their inclusion complex, the greatest reduction of which was
observed in the MDA content [11]. As with the toxic effect, the anti-
oxidant effects of bacuri seeds extract can also be justified by the pre-
sence of other substances, such as phenolic compounds, which act ad-
ditionally to reduce reactive species [16].

3.5. Lipid peroxidation assay (TBARS)

Lipid peroxidation was analyzed by the TBARS quantification
method, which is a widely used assay to estimate lipid peroxidation in
membranes, as well as in biological systems [52]. The ODG compound
at the concentrations tested (15.625–250 μg mL−1) significantly re-
duced lipid peroxidation in (53.43, 56.33, 57.74, 61.48 and 64.7 %),
respectively, in relation to the AAPH group. Ascorbic acid at the same
concentrations reduced lipid peroxidation in (49.96, 60.72, 61.74,
63.36 and 63.72 %) as shown in Fig. 4. The EC50 of the ODG presented
an approximate value of 69.39 μg mL−1 and a value for AA, under the
same conditions, was 26.80 μg mL−1 as shown in Table 3.

ODG effects against the production of reactive substances to thio-
barbituric acid. Values represent the mean±E.P.M. of the values of
inhibition in vitro, n = 5 experiments in triplicate. Statistically sig-
nificant "p" is considered when *** p ≤ 0.001; * p ≤ 0.05 when
compared to control. Unidirectional analysis of variance followed by
multiple comparison of Holm-Šídák.

Lipid peroxidation is a free radical-related process that in biologic
systems may occure under enzymatic control, or non-enzymatically.
This latter form is associated mostly with cellular damage as a result of
oxidative stress. The primary targets for attack by oxygen free radicals
are the polyunsaturated fatty acids of membrane phospholipids [55].
Lipid peroxidation can be defined as biological damage caused by free
radicals [56]. Numerous extracts of medicinal plants have shown an
inhibitory effect against lipid peroxidation as verified by the in vitro
TBARS production method [57]. The ODG substance was able to reduce
lipid peroxidation by almost 65 % in the highest concentration tested,
while ascorbic acid, used as a positive control, decreased lipid perox-
idation by almost 64 %, a very considerable value, as shown Fig. 3.
ODG decreased levels of lipid peroxidation in vitro and promoted 50 %
reduction in the production of reactive substances with thiobarbituric
acid (TBARS) with an EC50 value of 69.39 μg mL−1 ranging from
45.57–105.7 μg mL−1 with 95 % confidence interval and R2 0.7248.

The EC50 value of AA under the same conditions was 26.80 μg mL−1

ranging from 14.02–51.22 μg mL−1 with a 95 % confidence interval
and R2 0.7659 as shown in Table 3. Although the EC50 of the ODG was
3.9 higher than that of the AA control, this substance is considered a
good natural antioxidant since it significantly reduced the production of
TBARS.

Girish and et al. [58] determined the activities of eliminating DPPH
radicals in isolated flavonoid glycosides, vitexin, isovitexin and ascorbic
acid, finding EC50 values of 19.2, 21 and 14.2 μM, respectively.

According to Ahmadi et al. [59], the lower the EC50 value, the
higher the antioxidant potential of the sample. Although the ODG
compound exhibited high effective mean concentrations of inhibition of
hydroxyl radicals and TBARS relative to the positive control AA was
effective at all concentrations tested in preventing peroxidation of cell
membranes, induced by peroxyl radicals generated by AAPH, in a very
significant way. This fact can be explained in part, by the interaction of
ODG components with intermediates of partial oxygen reduction and
nitric oxide metabolism, as well as possible protection against mem-
brane lipid autoxidation, the main factors involved in lipid peroxidation
[53]. These results suggest that the compound ODG exerts a protective
action on the biomolecules against the peroxidation of phospholipids,
triacylglycerols, polyunsaturated fatty acids, and essential for cell
membrane function and paracrine signaling [21].

4. Conclusions

The 2-oleyl-1,3-dipalmitoyl-glycerol compound showed no toxicity
to A. salina. In relation to the tests against A. cepa the substance showed
nontoxic and non-cytotoxic effects at low concentrations, but at higher
concentration the ODG substance demonstrated slight toxicity and cy-
totoxicity in comparison to the negative control. ODG substance had no
mutagenic effect. The ODG substance showed no larvicidal activity
against A. aegypti larvae at the analyzed concentrations.

The results obtained in the present study demonstrate that the
substance ODG produces antioxidant effect by the in vitromethods used.
However, further studies are needed to elucidate the possible me-
chanism of action that measure the antioxidant activity of ODG, espe-
cially in vivo to justify its possible use in clinical treatment.
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