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The search for new natural compounds with relevant therapeutic properties has increased in recent years. The objective of
this study was to investigate the biological properties of the ethanolic extract of Malpighia emarginata leaves. For this,
phytochemical assays, high-performance thin layer chromatography (HPTLC), high-performance liquid chromatography
(HPLC), antioxidant activity analysis using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and cytotoxicity by hemolysis, and
chorioallantoic membrane (CAM) studies were performed. Through qualitative analyses, phenolic compounds and alkaloids
were identified, and by quantitative analyses, 92.52, 2.02, and 0.59 pg/mL were found for total flavonoids, total alkaloids,
and total phenols, respectively. HPTLC showed the presence of the flavonoids catechin and gallic acid, while HPLC
identified myricetin and quercetin. The extract showed a high antioxidant capacity of 80.77% by DPPH. Moreover, low
cytotoxicity of the extract at 10% was observed by hemolysis and CAM assay. Our results indicate that the ethanolic extract
of M. emarginata leaves is a potential candidate for therapeutic use due to the presence of important bioactive compounds,

high antioxidant activity and low cytotoxicity.
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Introduction

Malpighia emarginata DC / Malpighia glabra L,
popularly known as ™acerola", belongs to the
Malpighiaceae family and is a fruit-bearing plant
native to Western India and the tropical region of
South America'. This species is grown in several
tropical countries and has a high vitamin C, ascorbic
acid, vitamins A, B1, B2, B3, calcium, phosphorus
and iron content. Acerola fruit also contains several
phytonutrients such as carotenoids, phenolic
compounds, flavonoids, and anthocyanins, and it has
numerous biofunctional properties®™.

Research has demonstrated the great functional
importance of this fruit due to its nutritional value and
the presence of phytochemical compounds that act in
various biological activities. It presents potential
therapeutic effects, such as anti-inflammatory,
antioxidant, antifungal, antibacterial activities, cancer
prevention and degenerative diseases, including
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Alzheimer's and Parkinson's**®. Therefore, the
identification of phytochemicals and their therapeutic
mechanism of action has been the focus of several
studies around the world.

The saline extract of M. emarginata leaves also
presents bioactive compounds that are important in
biological activities™. However, knowledge about the
properties of the organic leaf extract. For this reason,
the present study aimed to investigate the
phytochemical, antioxidant and cytotoxicity of the
crude ethanolic extract of M. emarginata leaves.

Materials and Methods

Sample collection and identification

The collection of M. emarginata leaves was carried
out on the main campus of Padre Albino University
Center (UNIFIPA), Catanduva, SP, Brazil, in April
2021. Specimens were identified and deposited in the
Irina Delanova Gemtchujnicov (BOTU) herbarium
(number 36361). The leaves were washed, dried, and
crushed until a fine powder was obtained.
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Obtaining and standardising the extract

The extract was obtained by percolating the dry
weight of 20 g of crushed leaves in 100 mL of 70%
ethanol for 24 hours. The ethanol was evaporated
by a rotary vacuum evaporator at a reduced pressure
(175 ambar) with a maximum temperature of 45°C,
avoiding the loss of material properties. The crude
extract obtained was weighed and diluted in distilled
water at a concentration of 10%"".

Phytochemical characterisation

Qualitative and quantitative analyses

Phytochemical analyses were carried out to identify
the presence of the plant's secondary metabolites
products of pharmacological interest. Initially, a
gualitative analysis was conducted to identify
terpenes, phenolic compounds and alkaloids™.

To identify terpenes, the test for sesquiterpenes was
performed by adding 1 mL of sulfuric acid to 2 mL of
extract. The reddish colour indicates the presence of
terpenoids with 15 C'. The presence of phenolic
compounds of the Coumarin type was investigated
using tubes containing 1 mL of the crude extract by
moistening 3 areas of the filter paper with the extract,
and after drying, 1 drop of aqueous NaOH solution
(10%) was added to the moistened areas and taken
to a water bath. After 10 min, the filter paper
was observed under ultraviolet light. Blue-green
fluorescence indicates the presence of coumarins®™.

The presence of alkaloids was determined using
Bourchardat (yellow residue), Dragendorff (orange
residue), Mayer (white precipitate) and Sheibler (light
yellow residue) reagents after alkalinisation of the
extract and separation of alcoholic and organic phases
with the addition of chloroform™*™,

Quantitative phytochemical analyses of the extract
were carried out. The Folin-Ciocalteu method was used
to evaluate total polyphenols in the samples®. Gallic
acid (Dindmica -1274) was used to construct the
standard curve (0.25, 0.5, 1.0, 1.5, and 2.0 pg/mL),
with 10% sodium carbonate (NaCOs) (1.5 mL) and
Folin-Ciocalteu (0.5 mL) as colourimetric developer
reagents for the curve and samples, followed by the
reading on a spectrophotometer at 760 nm.

The quantification of flavonoid-type phenolic
compounds was performed through the stable reaction

that forms Aluminum Chloride (AICI3). Quercetin
(Sigma - Q4951) was used to construct the standard
curve (serial dilution from 0.25 to 0.0156 pg/mL).
The reading of the mixture of 1 mL of the different
concentrations of the curve or 1 mL of the samples
added to 1 mL of 2% AICI3 alcohol solution was
taken at 415 nm in the spectrophotometer™>*°.

The total alkaloids quantification was carried out by
the method in which the alkaloids that passed into a
portion of chloroform after alkalinisation with 2N
NaOH were revealed by the bromocresol green
reagent diluted in a buffered solution at pH 4.7 with
citric acid. A comparison curve (40, 60, 80, 100, 120,
140 ug/mL) was made with atropine (A0123 — Sigma)
and analysed at 470 nm in the spectrophotometer”.

Chromatographic studies

HPTLC chromatographic readings were carried out
with the CAMAG Linomat 5 automatic applicator,
with N gas (60 psi) and in thin layers (0.2 mm)
of silica 10 x 10 cm (Ref. 818333 -Macherey-
Nagel/Germany - ALUGRAM® Xtra SILG/UV254).
The application method was the same for all analyses,
using a 100 pL. Hamilton syringe, a dosage speed of
50 nL/s and pre-dosage disposal of 0.2 uL. The bands
were made using 10 yL, 8 mm in size and 5 mm in
distance. The standards, eluents and developers used
in chromatographic research are detailed in Table 1.

HPLC analysis of the crude extract was also
performed, reproducing the chromatographic conditions
of Jia et al.’ The column stationary phase
(Phenomenex Luna - Torrance, CA - USA) used was
C18 (250 mm x 4.6 mm - 5.0 um), mobile phase with
water and formic acid (100:0.1, v/v) ( A) and
Acetonitrile (B), gradient from 5 to 20% B in 30 min,
20 to 60% in 100 min and 60 to 80% in 120 min. Rate
of 1 mL/min, injected volume of 10 puL, Shimadzu
Prominence-i LC2030C-3D equipment (Kyoto,
Japan). The peaks resulting from the chromatogram
were read at 254 nm and compared with the
aforementioned work.

Antioxidant activity

The antioxidant activity of the extract was
determined by the free radical scavenging capacity
using 2,2-diphenyl-1-picrylhydrazyl —(DPPH)***%.
After adding the DPPH solution, the samples were

Table 1 — Standards and their dilutions, mobile phases and derivatization used in HPTLC

Standards Eluents (Mobile Phase)
Catechin Toluene / Ethyl Acetate / Methanol (30:70:10)
Gallic Acid Toluene / Ethyl Acetate / Formic Acid (5:4:0,2)

Developers
Vanillin 1% in ethanolic solution with H3PO, (15%)
FeCl; 0.5%
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kept away from light for 30 min for subsequent
readings on a spectrophotometer at 520 nm.
Determinations were carried out in triplicate. The
scavenging activity was calculated using the formula:
% scavenging capacity = [(average absorbance of
controls — average absorbance of samples) / average
absorbance of controls] x 100.

Cytotoxicity
Hemolysis

Glycosylated solution (5%) of human blood (4%)
was mixed in different concentrations (2, 4, 6, 8, and
10%) of the sample. For the positive control, a 0.1%
Triton solution was prepared, and for the negative
control, only saline solution was added to the red
blood cell solution. Samples and controls were placed
in a water bath at 37°C for 15 min and centrifuged at
2,000 RPM for 10 min. Then, the reading was carried
out using a spectrophotometer at 540 nm, zeroing the
device with the glycosylated solution™.

Chorioallantoic membrane assay — CAM

The CAM test of cytotoxicity was approved by the
Research Ethics Committee on the use of animals —
Padre Albino University Center/UNIFIPA (09/21).
Fertilised chicken (Gallus gallus) eggs were
incubated at 37 degrees Celsius and 50% relative
humidity for 72 hours in the incubator. Embryonated
eggs were divided into three experimental groups:
Control, in which the eggs were injected with 50 pL
of saline in the air chamber; and treated groups, in
which 50 pL of CE at different concentrations (2, 4, 6,
8, 10, and 100%). After 72 hours, the egg shells
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Methanol
(70:30:10)
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around the air chamber were removed to evaluate the
vascularisation in the chorioallantoic membranes and
the morphological development of the embryos'*#2,

Results

Phytochemical characterisation and antioxidant activity

Qualitative phytochemical analyses showed the
absence of sesquiterpenes but identified plant
secondary metabolites of pharmacological interest,
such as phenolic compounds and alkaloids. The
results of quantitative phytochemical characterisation
indicated the presence of 0.64 pg/mL of total
polyphenols, 92.52 pg/mL of total flavonoids, and
2.02 pg/mL of total alkaloids in the CE. Furthermore,
DPPH analysis showed that CE has high antioxidant
activity (80.77%).

Chromatographic studies

HPTLC showed the presence of the phenolic
compounds catechin (Fig. 1a and b) and gallic acid
(Fig. 1c and d) in CE.

HPLC allowed identifying the presence of the
flavonoids Myricetin (tR= 31.75 min, peak 68 and
39.76 min, peak 87) and Quercetin (tR= 36.41 min,
peak 80) (Fig. 2).

Cytotoxicity assays

The hemolysis study showed that the CE presented
low cytotoxicity at all concentrations studied when
compared to the positive control (Fig. 3a and b).

CAM assay showed the absence of cytotoxicity up
to a concentration of 10%. All embryos were alive at
the time of shell opening, and no differences in
membrane  vascularisation or  morphological

c d
|

Formic Acid
(5:4:0.2)

Gallic Acid
Mobile Phase: Toluene / Ethyl Acetate /

Fig. 1 — Results of phytochemical research by HPTLC. a) Arrows indicate bands corresponding to the catechin pattern in CE after
derivatisation solution; b) Catechin revealed in ultraviolet light; ¢) Arrows show bands corresponding to the gallic acid pattern in CE after

derivatisation solution; and d) Gallic acid revealed in ultraviolet light.
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Fig. 2 — Results of phytochemical research by HPLC: in peaks 68
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Fig. 3 — Hemolysis cytotoxicity test. a) Positive control (C+), negative control (C-), and samples at different concentrations; and b)

Absorbance of the hemolysis caused in the samples.

development were observed in the embryo. However,
at 100% concentration, the CE showed cytotoxicity,
as expected (Fig. 4).

Discussion

Interest in new products of plant origin, rich in
bioactive compounds with therapeutic properties,
has increased in recent years. The fruits of
M. emarginata are rich in nutrients and contain
several benefits for human health due to their

high antioxidant activity and the presence of
bioactive compounds such as phenolic compounds,
polyphenols, carotenoids, anthocyanins, and a high
content of vitamin C**%,

The  bioactive  compounds identified in
M. emarginata fruits have potent antioxidant,
antitumor, anti-inflammatory, and anti-hyperglycemic
activity??. However, there are few studies that
address the search for relevant bioactive compounds
in M. emarginata leaves.
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Fig. 4 — In vivo CAM cytotoxicity assay. a) control egg, where the saline solution was injected; b) egg that received 2% CE; c) egg that
received 4% CE; d) egg that received 6% CE; €) egg that received 8% CE; f) egg that received 10% CE; and g) egg that received 100%

CE. Arrows indicate embryo hearts.

Our study evaluated the crude extract of
M. emarginata leaves. In qualitative and quantitative
phytochemical analyses, we identified the presence of
phenolic compounds, as has already been reported in
phytochemical ~studies of the fruit®®. The
quantification of phenolic compounds in which the
stable reaction that forms Aluminum Chloride
(AICI3) and quercetin was used to construct the
standard curve in our study showed a large amount of
total flavonoids, including catechin and gallic acid
identified by HPTLC that have also been reported in
studies with the fruit>**®. These findings highlighted
the anti-inflammatory and antioxidant properties in
the crude extract of M. emarginata leaves.

Although in lower guantities, total polyphenols and
total alkaloids were also observed in the crude extract
of M. emarginata leaves in this study. In an
investigation that isolated three polyphenols from the
fruit of M. emarginata, their antihyperglycemic effect
was demonstrated, as these compounds strongly
inhibited advanced glycation end product (AGE)
formation®. In turn, alkaloids have important
biological activities in the therapeutic and
pharmacological areas, from antimicrobial to
anticancer activities®**. Therefore, the identification
of these phytochemical compounds in our extract
indicates that the M. emarginata leaves may have
potential therapeutic use and benefits for human
health.

The crude extract of M. emarginata leaves was also
analysed by HPLC, and the presence of quercetin and
myricetin  was found. Quercetin is the most
common flavonoid in nature and is also commonly
found in species of the genus Malpighia®>. This
bioactive compound has several pharmacological
activities such as anti-inflammatory, antidiarrheal and
neuroprotective and is also capable of reducing levels
of oxidative stress®*“2  Studies highlight that
ingesting acerola juice can induce antigenotoxic and
antimutagenic effects® 34,

Myricetin is another flavonoid that shows anti-
inflammatory activity in several studies. It was
reported that myricetin attenuated the deteriorative
effects induced by cisplatin, a medication prescribed
for chemotherapy, regulating levels of molecular
markers of inflammation such as nuclear factor kappa
B (NF-kB), nuclear factor erythroid 2-related factor 2
(Nrf-2), interleukin 6 (IL-6) and tumour Necrosis
Factor o(TNF-o), in addition to improving the
antioxidant status and protection of tissue damage™.
Another study that investigated the protective effects
of myricetin in a lung injury model reported that the
compound alleviated acute lung injury by inhibiting
the activation of macrophages, as well as inhibiting
inflammation in vitro and in vivo, suggesting the
possibility of a potential use therapeutic in the
prevention of inflammatory diseases*.
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The antioxidant capacity of M. emarginata leaves
crude extract measured in our research by DPPH was
high, which corroborates studies on fruits. These
investigations indicate that this capacity is due to the
presence of vitamin C and phenolic compounds,
which are highly antioxidant components*?4’.
Finally, hemolysis and CAM evaluations indicated
low cytotoxicity up to a concentration of 10%,
demonstrating that the extract up to at least this
concentration does not significantly interfere with
normal cellular functions. The safety related to the use
of M. emarginata leaves extract corroborates a study
that investigated the genotoxicity of pulp extract from
ripe acerola fruits by comet assay in mice blood cells
in vitro®>. The authors observed that no acerola
samples showed the potential to induce DNA damage.
Furthermore, a recent study demonstrated the
hepatoprotective effect of acerola leaf extract, which
was superior to silymarin in reducing TNF-o induced
cell death in rats’ hepatocytes ™.

Conclusion

The results show that the ethanolic extract of the M.
emarginata leaves presents important bioactive
compounds, high antioxidant activity, and low
cytotoxicity, making it a candidate for potential use as
a herbal medicine and in future investigations of
inflammatory and tumour processes.
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