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Abstract: Species from the genus Monteverdia (Celastraceae) are widely used in traditional medicine
for gastric disorders. Pharmacological and phytochemical studies focus on Monteverdia ilicifolia
(“espinheira-santa”). Monteverdia communis is endemic and abundant in southeast Brazil, and no
previous work was reported in literature involving its chemical aspects. Given the potential of
Monteverdia species as sources of natural antioxidants, this work aimed to undertake a chemical study
and evaluate the antioxidant activity of leaves and stems extracts of M. communis. A fraction enriched
with the triterpenes epifriedelinol and 3-oxo-friedelin was isolated from the hexane extract of the leaves.
The antioxidant activity of ethanol extracts of leaves and stems was significantly higher than butylated
hydroxytoluene (BHT) and statistically equivalent to rutin (positive controls). A weak negative
correlation with the total flavonoid content was verified for these extracts, suggesting that the
antioxidant activity may be related to the presence of other compounds in addition to flavones and
flavonols. The phytochemical screening of hexane and ethanol extracts from leaves and stems revealed
their chemical profile, providing quality control data. The results allow the indication of M. communis
as a source of bioactive terpenoids and a promising target for further studies to isolate and identify
antioxidant compounds.
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1. Introduction

The use of plants for medicinal purposes is millenarian. Studies in Paleobotany
envisage the possibility that the man had adopted this practice at least sixty thousand years ago
[1]. Besides traditional medicine, plant species for health care remain current through the
production and consumption of herbal products. This market moves billions of dollars per year
in the world [2].
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Brazil represents an important scene in the context of medicinal plants. In association
with great plant biodiversity, the traditional knowledge is added to a rational search for plant
species with a therapeutic value from an expressive cultural diversity [3]. Acknowledging the
importance of this relation, the Brazilian Policy and Program of Medicinal Plants and
Phytotherapeutics [4] emphasizes the need to promote popular practices for the use of
medicinal plants by the population, as well as to assure safety, efficacy and quality of access
to herbal medicines.

Monteverdia A. Rich. is a tropical lineage of Maytenus Mol. s.I. (Celastraceae),
comprising 123 species [5,6], of which 48 occur in Brazil and 35 are endemic [7,8]. In
traditional medicine, the treatment of gastric disorders is highlighted in the genus, and the
pharmacological and phytochemical studies in the literature are focused on Monteverdia
ilicifolia (Mart. ex Reiss.) Biral [9]. This species is known as “espinheira-santa” (holy spines)
[10], and usually found in formal and informal trade in Brazil [11-13].

Extracts of M. ilicifolia show high antioxidant activity, attributed to the presence of
phenolic compounds [14,15]. Natural antioxidants are an object of great interest to the scientific
community, given their mechanisms to prevent several diseases [16]. In the genus, other
species demonstrate antioxidant properties, such as Monteverdia aquifolia (Mart.) Biral
[17,18], Monteverdia dasyclada (Mart.) Biral [19], Monteverdia imbricata (Mart. ex Reiss.)
Biral [20], Monteverdia krukovii (A.C.Sm.) Biral [21] and Monteverdia obtusifolia (Mart.)
Biral [22].

Medicinal plants with canonical use, such as M. ilicifolia, are often overexploited,
leading to a demographic reduction in their natural populations and genetic diversity loss [23-
25]. Therefore, the search for alternatives to those species represents a reasonable option for
lessening biodiversity pressure and contributing to its rational use.

Monteverdia communis (Reiss.) Biral is endemic of Brazil and abundant in the
southeast region, found as shrubs and trees [7,8,26]. Differently from “espinheira-santa”, the
leaves are not spined, and their morphology was described by Joffily and Vieira (2005) [27].

Given the potential of Monteverdia species as sources of natural antioxidants and the
great abundance of M. communis in Brazil, this work aimed to undertake chemical study and
evaluate the antioxidant activity of compounds present in leaves and young stems of the species
since there is no previous work reported in literature involving its chemical aspects.

2. Materials and Methods

2.1. Chemicals and equipment.

All solvents, reagents, and adsorbents used in this work were of analytical grade and
obtained from Merck, Vetec, and Sigma-Aldrich. DPPH (1,1-diphenyl2-picrylhydrazyl) free
radical and rutin were purchased from Sigma and commercial BHT (butylated hydroxytoluene)
from Purifarma. Measurements were obtained using a UV-VIS spectrometer Biospectro SP-
220. The analysis was performed on an Agilent model 6890N gas chromatography equipped
with a mass selective detector, model 5973N.

2.2. Plant material.

For the present study, leaves and young stems of M. communis were collected in “Mata
do Entorno”, an interior of dense and dry forest between neighborhoods of Gavea and Horto,
municipality of Rio de Janeiro, State of Rio de Janeiro, Brazil, in December 2011. The plant
https://biointerfaceresearch.com/ 2341
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material was registered in the herbarium collection of the Instituto de Pesquisas Jardim
Botanico do Rio de Janeiro, Brazil (J.M.A.Braga, 11-002 - RB811236). This species' study is
part of a project duly registered in the Genetic Heritage Management Council System —
AS11EBS.

2.3. Preparation of crude extracts.

Leaves and stems were separated, dried in an oven at 40 °C and reduced to small
fragments using a processor. Hexane and ethanol extracts of leaves and stems were obtained
by static maceration of the plant organs with the respective solvents, followed by successive
solvent renewals and evaporation under reduced pressure in a rotary evaporator, leading to
obtaining four crude extracts.

2.4. Isolation and identification of compounds.

The crude hexane extract of the leaves was solubilized in chloroform, leading to the
spontaneous precipitation of crystals. The precipitate was pre-purified by rinsing with acetone
and then fractionated by silica gel column chromatography, using as eluents hexane, ethyl
acetate, and methanol in increasing polarity gradient. A total of 107 fractions were obtained,
regrouped in nine fractions after analysis by thin-layer chromatography. Silica gel was used as
a stationary phase, a 10% ethyl acetate/hexane solution as mobile phase, and anisaldehyde and
sulfuric acid solutions as derivatization agents.

Fraction 9 was analyzed by thin-layer chromatography, compared with pre-existing
laboratory samples containing terpenoids patterns [28], and submitted to gas chromatography
coupled to mass spectrometry (GC-MS). A volume of 1 pL of the solution was injected at a
concentration of 1 mg/mL. The following conditions were used: helium as the carrier gas, flow
rate 2.0 mLmin-1, injector temperature 300°C, and ion source temperature 230°C. The oven
temperature was programmed from 150-300°C at 10°C min-1 and held at 300°C for 15 min.
The sample injection volume was 1 pL. The mass spectra were analyzed and compared with
the equipment database (Wiley) and literature data to identify its chemical constituents.

2.5. Antioxidant activity.

Antioxidant activity of fraction 9 and hexane and ethanol extracts of leaves and stems
of M. communis, was assessed by a spectrophotometric method based on scavenging of the free
radical DPPH (1,1-diphenyl2-picrylhydrazyl), according to the methodology described by
Silva and Paiva (2012) [29]. BHT (butylated hydroxytoluene) and rutin (a flavonol heteroside)
were used as positive controls.

Solutions concentrated at 250, 125, 50, 25, 10 and 5 pg/mL in methanol were prepared
for each sample and the positive controls BHT and rutin. Aliquots of 2.5 mL of each solution
(sample or controls) in all concentrations were mixed in a vortex agitator with 1.0 mL of a
solution of 0.3 mM DPPH in methanol. As a negative control, the sample (or control) was
substituted with methanol. The analysis was performed with three independent assays, in
triplicate, except BHT, for which it was performed only two experiments in triplicate. The
absorbances were read in a spectrophotometer at 518 nm every 5 minutes during 30 minutes of
reaction.

The absorbance values were used to calculate the total antioxidant activity, determined
as the ECso in g sample / g DPPH, representing the sample's concentration required to reduce
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the initial concentration of DPPH in 50%. The result (ECso) was expressed as the mean +
standard deviation of three independent experiments carried out for each sample. The
comparison among the means was performed using a one-way analysis of variance (ANOVA).
Ultimately, the assessment of antioxidant activity of samples of M. communis was carried out
by comparing their ECso values with the ones obtained for the positive controls and among
each other, also using ANOVA.

2.6. Total flavonoids content.

The total flavonoids content was expressed as flavones and flavonols and determined
in the ethanol extracts of leaves and stem using a colorimetric method involving reaction with
aluminum chloride [29], using 20 mg of each extract (8 mg/mL) for the preparation of samples,
and rutin as a standard (1 mg/mL for the preparation of samples). Statistical comparison among
the percentages obtained in triplicate was performed by ANOVA and results were expressed
as mean = standard deviation.

Pearson's correlation test was used to evaluate the possible correlation between the total
antioxidant activity of the ethanol extracts (ECso) and the percentages of flavonoids.

2.7. Phytochemical screening.

The crude extracts were solubilized in the proportion of 1 mg/1 mL of methanol and
submitted to specific tests for several metabolites classes [30]. Each sample was dripped onto
a filter paper strip to verify the presence of phenolic compounds, flavonoids, coumarins,
triterpenes, and steroids. For tannins, anthraquinones, alkaloids and saponins, aliquots of the
samples were placed in test tubes. Specific reagent solutions were added to the samples (Table
1). The test tube was shaken vigorously in the saponins test for a few minutes and incubated.

Table 1. Chemical classes assessed and the respective reagents used in the phytochemical screening of crude
extracts of Monteverdia communis.

Chemical Class Reagent Solution
Phenolic compounds 2% FeCls
Flavonoids 5% AICls
Tannins 2.5% gelatin with 10% HCI
Anthraquinones 0.5 M NaOH
Coumarins 10% KOH
Saponins 2 ml of distilled water
Triterpenoids and Steroids | Acetic anhydride and concentrated sulfuric acid
Alkaloids Dragendorff

3. Results and Discussions
3.1. Extractive yields.

Preparation of crude extracts of leaves and stems of M. communis led to the extractive
yields showed in Table 2.

Table 2. Extraction yields from leaves and stems of Monteverdia communis.

Plant organ | Dry weight | Solvent | Extract weight | Extractive yields
Leaves 472.82g Hexane 3.1864¢ 0.67%
Ethanol 8.296 ¢ 1.75%
Stems 254.52¢g Hexane 23309 0.92%
Ethanol 8.270 ¢ 3.25%
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Extraction with ethanol demonstrated yields 2.6 times higher than with hexane in leaves
and 3.5 times higher in stems.

3.2. Isolation and Identification of Compounds.

Fractionation of the precipitate (845 mg) obtained from the hexane crude extract of
leaves led to the isolation of fraction 9 (450 mg). Analysis by thin-layer chromatography
showed two substances in the fraction, with retention factors and colors corresponding to those
found for 3-oxo-friedelin and epifriedelinol from standard samples. Analysis of this fraction
by GC-MS (Figures 1 and 2) confirmed epifriedelinol as the principal constituent and 3-oxo-
friedelin as the other substance.
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Figure 1. Chromatogram of fraction 9, obtained by column chromatography of a precipitate from the hexane
crude extract of leaves of Monteverdia communis, evidencing the peaks of epifriedelinol and 3-oxo-friedelin,
with retention times of 21.943 and 22.177 minutes, respectively.
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Figure 2. Mass spectra of epifriedelinol (a) and 3-oxo-friedelin (b). Arrows: molecular ions.
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3.3. Reaction kinetics of antioxidant activity.

Reaction kinetics with DPPH of fraction 9, hexane and ethanol extracts of leaves and
stems, and positive controls BHT and rutin are illustrated in Figure 3.
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Figure 3. Reaction kinetics of butylated hydroxytoluene (BHT) (a), rutin (b), crude extracts of leaves and stems
(c-f) and fraction 9 composed by the triterpenes epifriedelinol and 3-oxo-friedelin (g) from Monteverdia
communis, with 1,1-diphenyl2-picrylhydrazyl (DPPH).

Ethanol extract of leaves achieves its maximum antioxidant activity (96%) at the
concentration of 125 pg/mL, with 4% remaining DPPH. Ethanol extract of stems achieves its
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maximum antioxidant activity (97%) at time zero and 125 pg/mL, with 3% remaining DPPH.
BHT and rutin show their maximum antioxidant activity (95%), respectively, at 250 pg/mL
and 25 pg/mL, with 5% remaining DPPH. It is important to highlight that both ethanol extracts
showed great antioxidant activity after 5 minutes of reaction, with less than 10% remaining
DPPH at 50 pug/mL, demonstrating a better action than BHT (50%) at the same time and
concentration.

Hexane extracts of leaves and stems, as well as fraction 9, showed low antioxidant
activity. Among them, fraction 9 showed the best maximum activity (27%). This fraction was
isolated from hexane extract of leaves, which had a maximum activity of 17%, while stem
hexane extract showed a maximum activity of 13%.

3.4. Total antioxidant activity (ECso) and flavonoids content.

Total antioxidant activity (ECso) of ethanol extracts of leaves and stems of M. communis
and positive controls and the total flavonoid content in the ethanol extracts are shown in Table
3. The curves obtained by linear regression provided a correlation coefficient r> > 0.80, and
statistical treatment of data by ANOVA did not indicate significant differences among the
independent experiments performed for each sample (p > 0.05).

The ECso values of ethanol extracts were significantly lower than BHT’s and
statistically equivalent to rutin’s. It is important to emphasize that the extracts of M. communis
are composed of several compounds in small amounts, while BHT and rutin are pure
substances. Also, ethanol extracts of leaves and stems did not show significant differences
among each other, with similar antioxidant activities in both extracts.

A weak negative correlation (-0.30) between the total flavonoid content in the ethanol
extracts and their ECso was indicated by Pearson's Correlation test, suggesting that the
antioxidant activity may be related to the presence of other flavonoids and compounds in the
extracts in addition to flavones and flavonols.

Table 3. ECs values of butylated hydroxytoluene (BHT), rutin and ethanol extracts of leaves and stems of
Monteverdia communis, and flavonoids content of these extracts expressed as rutin equivalents.

Sample ECso (g sample / g DPPH) + SD | % Flavonoids + SD
BHT 0.88 + 0,092 -
Rutin 0.47 £ 0,09 -
Ethanol extract of leaves 0.59 + 0,08° 4.77+0.24
Ethanol extract of stems 0.56 + 0,10° 5.80 + 0.59

ECso, concentration of the sample required to reduce the initial concentration of DPPH in 50%; SD, Standard Deviation; a-b,
Equal letters indicate that according to the Tukey-Kramer test, there is no significant difference between values in the same
column

3.5. Phytochemical screening.

Crude extracts of M. communis were submitted for phytochemical screening and results
are shown in Table 4. The test for triterpenes and steroids provided a strong positive result for
triterpenes, whose high concentrations may have disguised the presence of steroids. The
negative result for flavonoids may be due to the low sensitivity of the methodology used in the
phytochemical screening, given that the flavonoids content was quantified in the
spectrophotometric analysis.
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Table 4. Chemical classes tested in crude extracts of Monteverdia communis.

Chemical Hexane Extract | Hexane Extract | Ethanol Extract | Ethanol Extract
Class of Leaves of Stems of Leaves of Stems
Phenolic compounds - - + +
Flavonoids
Tannins ++ + ++ ++
Anthraquinones - - ++ ++
Coumarins + + + +
Saponins - - + +
Triterpenoids ++ ++ ++ ++
Alkaloids +

-, Absence; +, Presence, Weak Positive; ++, Presence, Strong Positive.
3.6. Discussion.

The concurrent occurrence of the pentacyclic triterpenes epifriedelinol and friedelin
was described in other species of the genus Monteverdia, besides M. communis, such as M.
aquifolia, M. ilicifolia and Monteverdia macrocarpa (Ruiz & Pav.) Biral in the leaves [31-33]
and Monteverdia truncata (Nees) Reiss. in branches [34]. Triterpenes are considered
chemosystematic markers of Maytenus s.1. due to their great occurrence and structure diversity,
friedelanes are among the most expressive types [9].

Epifriedelinol was the major component of the precipitated crystals from the hexane
extract of leaves of M. communis. This compound has several pharmacological properties
described in the literature, such as antiulcerogenic [31], antitumor [35,36], antinociceptive [37],
protective of traumatic brain injury in rats [38] and antibacterial [39].

Friedelin, the other compound present in the precipitated crystals, is the friedelane
triterpene with greater occurrence in Maytenus s.1. [9]. This compound shows antiulcerogenic
[31], antinociceptive [37], anti-inflammatory, antipyretic [40], antimicrobial [41],
hypolipidemic [42], antidiabetic [43] and cytotoxic activities [44]. It was isolated as one of the
major components of the hexane extract of the leaves from M. obtusifolia [45]. Besides,
friedelin is the precursor of the quinonemethide triterpenes maytenin and pristimerin, which
accumulate in the root barks of Celastraceae species [32] and show antifungal and anticancer
properties [46-48].

Potent in vitro and in vivo antioxidant activity of friedelin was demonstrated by Sunil
et al. (2013) [49]. In in vitro study, the free radical scavenging assay of friedelin and BHT on
DPPH showed their maximum antioxidant activity around 70%, while other in vitro and in vivo
assays confirm the antioxidant effect, using different positive controls such as BHT, vitamin
C, and curcumin. In the present study, a low antioxidant activity was verified in the fraction
containing this triterpenoid. However, Ng et al. (2003) [50] reported that epifriedelinol, the
major component of this fraction, fails to exhibit antioxidant activity and attributes it to the
lack of aromatic hydroxyl groups in its chemical structure, just as friedelin [49].

The evaluation of the antioxidant activity showed a great indication of the production
of substances with this effect in the ethanol extracts of M. communis. Though the leaves are
considered the herbal drug in the genus Monteverdia [10,51], the antioxidant activity of the
ethanol extract of stems in M. communis was statistically similar to the leaves, suggesting that
both organs represent promising targets in search of bioactive compounds.

Flavonoids and other phenolic derivatives can capture and neutralize free radical
species acting by synergism with other antioxidants [16,52]. The weak negative correlation
between ECso and flavones and flavonols content in M. communis suggests that this action may
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also be related to other metabolites in the extracts. In addition to flavones and flavonols,
different classes of flavonoids may not be quantified with the methodology performed in this
work. In Maytenus s.l., several other flavonoid classes were already described, such as
flavanols, which include catechins and proanthocyanidins [53]. All of these substances may be
contributing to the excellent antioxidant activity observed for the ethanol extracts.

According to the phytochemical screening of M. communis (Table 3), tannins represent
one of the main chemical classes present in the extracts evaluated, besides the triterpenoids.
Tannins' action in treating diseases is linked to their free radical scavenging activity [54].
Pessuto et al. (2009) [15] isolated five condensed tannins from leaves of M. ilicifolia, which
demonstrated a significant antioxidant activity directly proportional to the number of phenolic
hydroxyls present in the chemical structure.

The presence of alkaloids was detected in the hexane extract of the leaves of M.
communis. Their presence in the genus has been widely described as sesquiterpene alkaloids,
occurrring in M. aquifolia [55], Monteverdia chiapensis (Lundell) Biral [56], and M. ilicifolia
[57]. These compounds have pharmacological properties already described in the literature,
such as antiprotozoal and insecticidal [56,57].

Anthraquinones, coumarins and saponins were detected in extracts of M. communis,
but not reported in other species of Monteverdia [53]. These chemical classes are relevant
components of many herbal drugs used in traditional medicine and show a range of
pharmacological activities, such as anticancer [58-60].

4. Conclusions

Identifying epifriedelinol and 3-oxo-friedelin as the major components in the hexane
extract of the leaves of M. communis allows the indication of this species as an outstanding
source of bioactive terpenoids. The strong antioxidant activity verified in ethanolic extracts
suggests M. communis as a promising target for further studies to isolate and identify
substances responsible for this effect. The phytochemical screening of hexane and ethanol
extracts corroborated other studies already described in the literature and evidenced the
presence of different metabolites, providing data for quality control.
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