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Leaves, epicarp and seeds of Garcinia madruno (Kunth) Hammel were extracted by percolation using
consecutively n-hexane, dichloromethane, ethyl acetate, and methanol until exhaustion. Then, fractions
were screened for their phenolic content (Folin-Ciocalteu method) and antioxidant properties
(DPPH, ABTS, FRAP methods). The phenolic content ranged from 2404 ± 121 (hexane fraction) to
9097 ± 275 mg GAE/100 g d.w. (ethyl acetate fraction) for seeds, 2372 ± 153 (dichloromethane fraction)
to 11292 ± 962 mg GAE/100 g d.w. (ethyl acetate fraction) for epicarp, and 3659 ± 180 (dichloromethane
fraction) to 23510 ± 255 mg GAE/100 g d.w. (ethyl acetate fraction) for leaves. The antioxidant activity
was significantly depending on the nature of the extracting solvent and the organ of the plant. The
highest values of antioxidant activity were displayed for ethyl acetate and hexane fractions. For ABTS
assay, ethyl acetate fraction reached 57069 ± 1350, 67768 ± 2990, and 377848 ± 6039 mg AAE/100 g d.
w. for seeds, epicarp, and leaves, respectively. From the most active fractions (ethyl acetate and hexane),
three compounds were isolated by chromatographic techniques and their structures were elucidated by
spectroscopic methods corresponding to the biflavonoids morelloflavone and volkensiflavone (from ethyl
acetate fraction); and the polyisoprenylated benzophenone garcinol (from hexane fraction), first time
reported in this species. These metabolites were quantified by high performance liquid chromatography
and their antioxidant properties (DPPH, ABTS, FRAP, ORAC) evaluated. The highest concentration of the
biflavonoids and the polyisoprenylated benzophenone was found in ethyl acetate and hexane, respec-
tively. The biflavonoid morelloflavone displayed the highest antioxidant activity with 209216 ± 11723
(ABTS) and 293842 ± 22026 (ORAC) lmol Trolox/100 g. The results suggested that G. madruno might
be a good source of metabolites with antioxidant activity.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Garcinia (Clussiaceae syn. Guttiferae), is a genus native from
Asia and Africa with more than 300 species of trees and small
bushes, which are mainly found in tropical lowland forest and
characterized by latex production (Sweeney, 2008; Osman and
Rahman, 2006). Many of the species belonging to this genus are
edible and used as ornamental (Hemshekhar et al., 2011). Some
Garcinia species, employed as medicinal plants, have been evalu-
ated in a great number of biological and pharmacological assays;
showing their great therapeutic potential (Dal Molin et al., 2012;
Lin et al., 2012; Mackeen et al., 2012; Siridechakorn et al., 2012;
Xia et al., 2012; Otuki et al., 2011; Elfit et al., 2009). Previous chem-
ical studies have established the presence of different types of
metabolites (phenols, terpenes, and alkaloids), prevailing
xanthones and polyisoprenylated benzophenones (Hemshekhar
et al., 2011).

Particularly, Garcinia madruno (Kunth) Hammel., is a tropical
fruit tree commonly found in places bordering rainforests between
100 and 1000mamsl.G.madruno is a native species fromCentro and
South America, traditionally known as ‘‘madroño”, ‘‘charichuelo”,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2018.07.017&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2018.07.017
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jcmarinlo@unal.edu.co
https://doi.org/10.1016/j.jksus.2018.07.017
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


1284 C. Ramirez et al. / Journal of King Saud University – Science 31 (2019) 1283–1289
‘‘cozoiba”, ‘‘naranjita”, ‘‘ocoró”, ‘‘satro”, among others (Lim, 2012b).
This plant produces a yellow fruit with one to three seeds, covered
by a white pulp. The fruit is used as food and possesses a character-
istic acidflavor (Lim, 2012b). Chemical andbiological studies for this
species are scarce. In 2006, Suffredini et al., evaluated the antibacte-
rial activity of the organic extracts (methanol:CH2Cl2 1:1) obtained
from leaves and stems of G. madruno, a significant activity against
S. aureus was found. Osorio et al. (2009) reported the antioxidant
activity of a biflavonoid-enriched fraction (morelloflavone, volken-
siflavone and amentoflavone) obtained from leaves and twigs of
G.madruno. In 2013; Osorio et al., identified five knownbiflavonoids
(morelloflavone, volkensiflavone, amentoflavone, fukugiside,
madrunoudeaside and spicataside) and a new biflavonoid (700-O-
(600 00-acetyl)-glucoside of morelloflavone) from the aerial parts of
G. madruno. In the same study, the antioxidant potential of the
isolated metabolites was also evaluated by means of TBARS assay.
More recently, Carrillo-Hormaza et al. (2016), reported a complete
profile of biflavonoids from G. madruno and their antioxidant
activities.

Taking into account the limited number of studies with this
plant, the importance of the genus Garcinia as a source of bioactive
metabolites; as well as previous studies carried out with different
parts from other species of this genus (Hemshekhar et al., 2011),
here we describe a) the quantification of garcinol, morelloflavone
and volkensiflavone in fractions obtained mainly from leaves,
seeds and epicarp of G. madruno, and b) the evaluation of the
antioxidant activity of the extracts and compounds obtained from
this tropical species.

2. Materials and methods

2.1. Reagents

Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox),
[2,20-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid)] (ABTS)
and 2,4,6-tripyridyl-s-trazine (TPTZ) were purchased from Sigma-
Aldrich (St. Louis, MO, USA); Na2CO3, NaOH, gallic acid, ascorbic
acid, potassium persulphate, fluorescein, FeCl3, ethanol, and HCl
were acquired from Alfa-Aesar (Ward Hill, MA, USA). [2,20-Azobis
(2-amidinopropane) dihydrochloride] (AAPH) was purchased from
Wako Pure Chemical USA (Richmond, VA, USA). All chemicals and
reagents used were of analytical grade.

2.2. General methods

UV spectra were recorded on a Spectronic Genesys 5. 1H and 13C
NMR spectra were recorded in CDCl3 or CD3OD on a Bruker AMX
300 spectrometer (1H at 300 MHz; 13C 75.5 MHz). 1D and 2D
experiments (DEPT, 1H-1H COSY, HMQC and HMBC) were carried
out for structure determinations. FTIR spectra were measured
using CHCl3 on a Perkin-Elmer RXI. Thin layer chromatography
(TLC) was performed in silica gel F254 (0.2 mm Merck) plates; com-
pounds were detected by UV fluorescence and/or spraying with
H2O-H2SO4-AcOH (30:28:143, v/v), followed by heating at 80 �C
for 1–2 min. Column chromatography (CC) was carried out using
silica gel or Sephadex LH-20 as stationary phases. High perfor-
mance liquid chromatography (HPLC-DAD) was carried out using
a Shimadzu Prominence HPLC system (Shimadzu, Kyoto, Japan),
equipped with auto sampler, degasser, reciprocating pumps, diode
array detector and the software LC solution 1.22 SP1.

2.3. Plant material

Ripened fruits of G. madruno were purchased from local market
in Medellín, Colombia. Leaves were collected in the campus of the
Universidad Nacional de Colombia-Sede Medellín. The specimen
was identified by specialist and a voucher specimen (MEDEL-
66811) was deposited at the Herbarium ‘‘Gabriel Gutiérrez
Villegas” of the Universidad Nacional de Colombia-Sede Medellín
for future reference.

2.4. Plant material extraction

The ripe fruits were washed thoroughly, epicarp (411.9 g) and
seeds (735.9 g) were separated, shade dried and powdered using
blender. In the same way, leaves (2.62 g) of G. madruno were pow-
dered. Then, a weighed amount of the powder was exhaustively
and successively extracted by percolation using n-hexane (H),
dichloromethane (D), ethyl acetate (A) and methanol (M). Extracts
were filtered, concentrated, under reduced pressure at 40 �C using
a rotary evaporator (Buchi R-200), and used for the determination
of total phenolic content, radical scavenging and antioxidant
activities.

2.5. Total phenolic content determination

Total phenolic content was determined according to the Folin-
Ciocalteau colorimetric method using gallic acid as a standard
phenolic compound. The assay was performed as described by
Zamorano et al. (2017) (for a more detailed description of method
see supplementary material section).

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jksus.2018.07.017.

2.6. Antioxidant activity determinations

The antioxidant capacity of the plant extracts and pure com-
pounds from G. madruno were simultaneously assessed using the
four following assay: (1) DPPH free radical scavenging activity,
(2) ABTS radical cation scavenging activity, (3) Ferric reducing
power assay (FRAP), and (4) Hydrophilic oxygen radical absorbance
capacity assay (H-ORAC). The assays were performed as described
by Zamorano et al. (2017). All antioxidant assays were conducted
in triplicate (for a more detailed description of methods see sup-
plementary material section).

2.7. Isolation of metabolites

The n-hexane, dichloromethane and ethyl acetate extracts from
seeds of G. madruno were separately subjected to column chro-
matography and eluted with solvent mixture (n-hexane and ethyl
acetate) of increasing polarity. The fractions were combined
according to TLC profile, further chromatographed on silica gel
CC and eluted with various mixtures of n-hexane and ethyl acetate.
Finally, subfractions were separated by size-exclusion CC on the
lipophilic organic resin Sephadex LH 20� column, and eluted with
n-hexane, dichloromethane, methanol, 2:1:1 (v/v) to yield four
pure compounds.

In order to determine the active compounds, H, D and A frac-
tions from seeds of G. madruno were submitted to successive col-
umn chromatography (CC) using silica gel and Sephadex LH-20.
Fractions H and D were combined and the resulting extract was
submitted to CC on silica, with elution using n-hexane/EtOAc mix-
tures. A white solid was found in fractions 8 to 10, eluted with
n-hexane. In turn, sub-fractions 29–31 eluted with n-hexane-
ethyl acetate (70:30) were combined and rechromatographed by
CC on Sephadex LH-20 using n-hexane-dichloromethane-metha
nol, 50:25:25, to afford a pure compound (pale yellow needle crys-
tals). Both metabolites were characterized as glyceryl palmitate
and garcinol by spectroscopic methods and comparison with liter-
ature data (Gunstone, 1991; Rao et al., 1980).

https://doi.org/10.1016/j.jksus.2018.07.017
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Fraction A, from seeds of G. madruno, was submitted to silica CC
using as mobile phase n-hexane-ethyl acetate (100:0, 90:10, 80:20,
70:30, 60:40, 50:50, and 0:100). Further, the last sub-fraction was
submitted to silica CC to afford ten fractions. Sub-fractions 11–14
(eluted with n-hexane-ethyl acetate, 80:20) and 19-25 (eluted
with n-hexane-ethyl acetate, 40:60) were separately combined
and subjected to CC on Sephadex LH-20 using n-hexane-dichloro
methane-methanol, 50:25:25, affording two pure compounds.
Both compounds were characterized as morelloflavone and
volkensiflavone by spectroscopic methods and comparison with
literature data (Osorio et al., 2009; Duddeck et al., 1978; Chari
et al., 1977) (see supplementary material).
2.8. Quantification of isolated metabolites

Reverse phase chromatographic analyses were performed
under gradient conditions using a Phenomenex Security Guard car-
tridge C18 (4.0 � 3.0 mm) followed by a Zorbax Eclipse Plus C18
column (4.6 mm � 150 mm, 5 mm diameter particles, Agilent,
USA). The compounds were eluted at a flow rate of 1.0 mL/min
with the solvents A = acetic acid (1%) in water, and B = acetonitrile.
Biflavonoid were eluded as follows: starting conditions of 10% of B
were used; the % of solvent B increased to 35% over the next 11
min; then further increased to 70% over the next 9 min and held
for 5 min. Under these conditions retention time were 17.9 and
18.1 min for morelloflavone and volkensinflavone, respectively.
For garcinol separation, the gradient elution was performed with
a linear increased of B from 50% to 100% in 20 min, and finally
holding for 10 min 100% B. Injection volume was 20 mL. Com-
pounds were monitored at 254 nm, although diode-array detection
was used over a wavelength range of 200–800 nm to collect spec-
tral data. Quantification of metabolites was carried out using stan-
dard calibration curves (peak areas vs. compound concentration for
different concentrations). Six working solutions were prepared for
each standard in methanol containing each pure compound
Table 1
Yield of sequential extraction of G. madruno with different solvents.

Extracts Yield (mg/g)

Seeds Epicarp Leaves

Hexane (H fraction) 36.46 36.78 33.73
Dichloromethane (D fraction) 7.17 14.39 12.49
Ethyl acetate (A fraction) 5.44 8.74 21.70
Methanol (M fraction) 13.57 33.86 145.27

Table 2
Total phenolic content (TPC) and antioxidant activity of extracts obtained with solvents o

Organ Extract Total phenolic content (TPC) and

TPC– D

Seeds H 2404 ± 121a 1
D 4577 ± 375b 2
A 9097 ± 275c 2
M 2504 ± 215a 1

Epicarp H 5756 ± 227c 2
D 2372 ± 153a 2
A 11292 ± 962d 2
M 3407 ± 42b 1

Leaves H 4614 ± 69b 6
D 3659 ± 180a 5
A 23510 ± 255c 8
M 12279 ± 161d 4

Conventions: H, hexane fraction; D, dichloromethane fraction; A, ethyl acetate fraction
Trolox/100 g sample). �mg equiv. ascorbic acid/100 g of sample. For each organ, differen
significant difference test (at 95.0% confidence level).
between 5 and 200 mg/mL. All calibration curves presented high
linearity (R2 > 0.96). Data for each peak were collected using the
wavelength of maximum response. The results were expressed as
mg of compound per gram of extract (% w/w dry weight).
2.9. Statistical analysis

Data are expressed as mean ± standard deviation (SD) and
subjected to one-way analysis of variance (ANOVA). Fisher’s least
significant difference test (LSD) at the 95.0% confidence level was
performed to compare the statistically significant differences
between antioxidant activities of fractions.
3. Results and discussion

Sequential extracts of seeds, epicarp, and leaves of G. madruno
with different solvents of increasing polarity were prepared.
Table 1 gives the percentage yield during the sequential extraction
with n-hexane, dichloromethane, ethyl acetate and methanol.
Yields ranged from 5.44 to 36.46, 8.74 to 36.78, and 12.49 to
145.27 mg/g for seeds, epicarp, and leaves, respectively. In the case
of seeds and epicarp, the maximum yields were shown in the H
fraction followed by M fraction. In leaves, the maximum yield
was obtained in the extraction with methanol followed by the
extraction with hexane. The sequential extraction with the same
material allows ensuring the complete extraction of a wide polarity
range of compounds.

Next, total phenolic content (TPC) of each extract was estimated
using the Folin-Ciocalteu method. In addition, in vitro antioxidant
potential of each extract was analyzed using the following meth-
ods: DPPH radical scavenging, ABTS cationic radical scavenging
and ferric reducing activity assays (FRAP). Results of total phenolic
content, radical scavenging and antioxidant activities of the
extracts from seeds, epicarp, and leaves of G. madruno are pre-
sented in Table 2.

It is well known that the antioxidant activity of the plant
extracts usually appears to correlate with the TPC values
(Miliauskas et al., 2004). Fractions for each organ showed statisti-
cal differences in the TPC values ranging from 2404 ± 121 mg
GAE/100 g for H fraction to 9097 ± 275 mg GAE/100 g for A fraction
from seeds, 2372 ± 153 mg GAE/100 g for D fraction to 11292 ±
962 mg GAE/100 g for A fraction for epicarp, and 3659 ± 180 mg
GAE/100 g for D fraction to 23510 ± 255 mg GAE/100 g for A frac-
tion from leaves of G. madruno. The highest TPC values were found
in A fractions for each organ. By contrast, the lowest TPC values
f different polarity from Garcinia madruno seeds, epicarp, and leaves.

antioxidant activity

PPHy ABTS§ FRAP�

4913 ± 1361a 26495 ± 237b 1456 ± 138c

9444 ± 2098c 41133 ± 2365c 1335 ± 36c

3527 ± 2170b 57069 ± 1350d 969 ± 31b

3410 ± 1647a 17885 ± 510a 498 ± 2ª

6814 ± 772d 50920 ± 1433c 1554 ± 118b

1253 ± 964b 34226 ± 1707b 1186 ± 26a

3468 ± 1232c 67768 ± 2990d 2942 ± 146c

5090 ± 1070a 25826 ± 1253a 1020 ± 42a

993 ± 622a 60638 ± 5245b 4366 ± 175b

170 ± 366a 42550 ± 1574a 2921 ± 56a

3052 ± 3385c 377848 ± 6039d 21448 ± 199d

5772 ± 1369b 208003 ± 7016c 10875 ± 115c

; M, methanol fraction. –mg equiv. gallic acid/100 g sample. y,§ TEAC (mmol equiv.
t letters within the same column indicate significant difference by the Fisher’s least
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were detected in H andM fraction for seeds, and D fraction for epi-
carp and leaves. Among the different organs, A fraction from leaves
of G. madruno offered the highest TPC values, followed by epicarp.
Similar results were found with G. madruno samples; where
epicarps and leaves showed the highest TPC values (Carrillo-
Hormaza et al., 2016). The high yields of H fraction in all organs
but low TPC values may be attributable to the content of more
non-phenolic compounds, such as waxes, terpenes or steroids.
Similarly, M fractions in all materials exhibited high yields but
low TPC values for seeds and epicarp. This may also be due to
the content of polar non-phenolic compounds such as carbohy-
drates. On the contrary, A fractions in seeds and epicarp presented
lowest yields but displayed highest TPC values. Based on the
results of TPC, the best extracting solvent was ethyl acetate. Differ-
ent Garcinia species have shown a similar trend; ethyl acetate frac-
tion exhibited the highest TPC values (Marlin and Katrin 2017; See
et al., 2017; Meng et al., 2012).

DPPH radical scavenging assay is known to be one of the various
methods for measuring antioxidant activity. The DPPH assay pro-
vides information about the interaction of tested compounds with
the free radicals and its effect is thought to be due to the capacity
of compounds for donating radical hydrogen (Younes et al., 2015).
DPPH radical scavenging activity of all fractions obtained of
G. madruno is showed in Table 2. For seeds, the maximum DPPH
radical scavenging activity was recorded in D fraction followed
by A fraction. No significant differences in DPPH radical scavenging
properties between H fraction and M fraction were noted. Correla-
tion between TPC and DPPH assay for seeds was at the level of
R2 = 0.328. For epicarp, all fractions showed statistical differences;
the highest DPPH radical scavenging activity was obtained in the H
fraction, followed by the A and D fractions. The linear relationship
between TPC and DPPH values was lower (R2 = 0.207) than those
found for seeds. Among fractions obtained from leaves of
G. madruno, A fraction offered the highest DPPH radical scavenging
activity followed by M fraction. The lowest DPPH radical scaveng-
ing activities were displayed by the fractions obtained by extrac-
tion with the solvents of less polarity, H and D fractions. A very
high correlation between TPC and DPPH for leaves was found
(R2 = 0.990). Based on the results of DPPH radical scavenging activ-
ity, the best extracting solvents were dichloromethane, hexane and
ethyl acetate for seeds, epicarp, and leaves, respectively.

ABTS cationic radical scavenging activity of the fractions of
G. madruno extracted with solvents of different polarity is summa-
rized in Table 2. Results show that fractions for each organ pre-
sented statistical differences in the ABTS radical scavenging
properties. For all organs, A fraction exhibited the highest ABTS
cationic radical scavenging properties. For seeds, antioxidant activ-
ity decreased in the following order: ethyl acetate > dichlorome
thane > hexane > methanol. There was a good correlation between
TPC and ABTS radical scavenging capacity was found (R2 = 0.902).
For epicarp, ABTS radical scavenging activity decreased in the
order: ethyl acetate > hexane > dichloromethane > methanol. The
linear relationship between TPC values and ABTS scavenging activ-
ity for epicarp was at the level of R2 = 0.553. In addition, ABTS assay
revealed a decreasing order of radical scavenging activity: ethyl
acetate > methanol > hexane > dichloromethane, for leaves of
G. madruno. Correlation between TPC and ABTS assay for leaves
was at the level of R2 = 0.562. Based on the results of ABTS radical
scavenging activity, the best extracting solvent was ethyl acetate.

FRAP assay measures the reducing potential of an antioxidant
agent reacting with a ferric-tripyridyltriazine (Fe3+-TPTZ) complex
and produces a blue-colored complex of ferrous-tripyridyltriazine
(Fe2+-TPTZ). The FRAP assay is widely used in the search of antiox-
idant compounds from vegetal extracts. For seeds, for fractions H
and D significant differences were not found. Results show that
the antioxidant activity decreased as the polarity of the extracting
solvent increased. The highest antioxidant activities were dis-
played by fractions H and D which were obtained by extraction
with the solvents of less polarity. The correlation between TPC
and FRAP assay was at the level of R2 = 0.001. Among the extracts
from epicarp and leaves of G. madruno, A fraction offered the high-
est antioxidant activity. For epicarp, the antioxidant capacity was
decreased according to the following order of extracting solvent:
ethyl acetate > hexane > dichloromethane �methanol. A good lin-
ear relationship between TPC and FRAP assay was found at the
level of R2 = 0.802. For leaves, the antioxidant capacity was
decreased according to the order of extracting solvent: ethyl
acetate > methanol > hexane > dichloromethane. The linear rela-
tionship between TPC and FRAP assay was lower (R2 = 0.615) than
those found for epicarp. In general terms, our results are consistent
with previous studies carried out with Garcinia benthamiana,
Garcinia xanthochymus and Garcinia hombroniana; where the best
radical scavenging and antioxidant capacity was displayed by ethyl
acetate fraction (Marlin and Katrin, 2017; See et al., 2017; Meng
et al., 2012). Likewise, Carrillo-Hormaza et al. (2016) also described
epicarp and leaves from G. madruno as the samples with the high-
est antioxidant values.

A total of four compounds were isolated from G. madruno
through consecutive column chromatographic separations
(Fig. 1). Benzophenones are metabolites commonly found in
Garcinia genus (Kumar et al., 2013). Although Carrillo-Hormaza
et al. in 2016, by means of HPLC-DAD-ESI-MSn, reported the pres-
ence of peaks associated with polyisoprenylated benzophenones,
no compounds of this type have been reported for G. madruno.
Therefore, garcinol, a benzophenone also known as camboginol,
which has been found on different Garcinia species (Aravind
et al., 2016a,b), is isolated and characterized for the first time from
this species. This compound has received a lot of attention due to
its health beneficial effects, mostly attributed to their potent
antioxidant activity (Tang et al., 2013).

Morelloflavone and volkensiflavone biflavonoids have been pre-
viously reported in G. madruno by Osorio et al. (2009); and are
widely distributed in Garcinia species (e.g. G. morella, G. brasiliensis,
G. talboti, G. spicata, G. multiflora, G. linii, among others) (Locksley,
1973). Morelloflavone exhibits a wide array of biological activities,
such as antioxidant, antiviral, anticancer, anti-inflammatory,
hypercholesterolemic, cardiovascular, among others (Lim, 2012a).
On the other hand, volkensiflavone has been tested in different
models of biological activity with variable results (Lin et al.,
2001; Verdi et al., 2004; Brusotti et al., 2016).

Quantitative determinations of garcinol, morelloflavone, and
volkensinflavone were carried out by HPLC analyses on a C18
reversed phase column and by the calibration curve method. The
regression equations were: garcinol, y = 80651x – 541076
(R2 = 0.996), detection limit = 15.0 mg/g; morelloflavone,
y = 163798x – 885611 (R2 = 0.963), detection limit = 5.2 mg/g; and
volkensiflavone, y = 92139x – 82667 (R2 = 0.994), detection limit =
5.6 mg/g (Fig. 2). The results of the quantification of compounds
showed that the n-hexane soluble fraction contained the highest
level of garcinol, while little amount was detected in CH2Cl2 and
EtOAc-soluble fractions (Table 3). In the H fraction, a concentration
of 308.5, 398.9 and 36.8 mg/g of garcinolwas found in seeds, epicarp
and leaves, respectively. Morelloflavone and volkensiflavone were
almostabsent inHandD fractions, andonlyundetectable concentra-
tions (<detection limit) were determined in each evaluated tissue.
Among the biflavonoids, volkensiflavone was the major compound.
ForAandM fractions, concentrationsof volkensiflavoneof 203.8and
93.6, 315.7 and 94.2, 175.6 and 63.2 mg/g extract were established
in that order for seeds, epicarp, and leaves. Meanwhile, morellofla-
vone was found for A andM fractions at concentrations of 59.9 and
8.1, 6.5 and 7.1, and 104.0 and 52.6 mg/g extract for seeds, epicarp,
and leaves, respectively. As previously reported, biflavonoids



Fig. 1. Structure of compounds isolated from G. madruno.

Fig. 2. Calibration curve of morelloflavone (left), volkensiflavone (center), garcinol (right).

Table 3
Quantification of isolated compounds from G. madruno.

Compound Concentration (mg/g extract)

Seeds Epicarp Leaves

H D A M H D A M H D A M

Volkensinflavone n.d n.d 203,8 93,6 n.d n.d 315,7 94,2 n.d n.d 175,6 63,2
Morelloflavone n.d n.d 59,9 8,1 n.d n.d 6,5 7,1 n.d n.d 104,0 52,6
Garcinol 308,5 41,3 32,3 n.d 398,9 171,0 30,4 n.d 36,8 n.d n.d n.d

Conventions: H, hexane fraction; D, dichloromethane fraction; A, ethyl acetate fraction; M, methanol fraction; n.d. not detected.
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Fig. 3. Free radical scavenging and antioxidant activity of isolated compounds from G. madruno.
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volkensiflavone andmorelloflavone were found in all samples anal-
ysed (seeds, epicarp and leaves). In that study authors foundmorel-
loflavone as the main biflavonoid in epicarp and leaves; different to
our results where volkensiflavone was the major compound
(Carrillo-Hormaza et al., 2016). Differences in content could be asso-
ciatedwith extractionmethods employed, collection time, and sam-
ple origin, among others.

According to results, the highest amount of volkensiflavone was
detected in the EtOAc-soluble fractions. In addition, the epicarp
was found to be the tissue with the highest content of volkensi-
flavone, followed by the seeds. The A fractions from leaves of
G. madruno showed the greatest amount of morelloflavone, fol-
lowed by seeds. The amount of garcinol was decreased in the order
epicarp, seeds, and leaves. In general, it can be seen that
G. madruno accumulate high levels of these three compounds.
These results are in agreement with previous studies that report
the concomitant presence of benzophenones and biflavonoids in
Garcinia genus (Aravind et al., 2016a,b).

Additionally, garcinol, morelloflavone and volkensiflavone were
evaluated for their radical scavenging and antioxidant activity by
DPPH, ABTS, FRAP, and ORAC assays. The antioxidant properties
of pure compounds are summarised in Fig. 3. Garcinol, a polyiso-
prenylated benzophenone isolated from n-hexane and dichloro-
methane extracts, possess a moderate antioxidant effect with
values of 1331 ± 73, 214433 ± 2657 and 129129 ± 8433 mmol
Trolox/100 g of sample for the DPPH, ABTS and ORAC assays,
respectively, and 168 ± 8 mg of ascorbic acid/100 of g sample for
the FRAP assay. For this compound, various authors have reported
significant antioxidant activity using different methods (Messi
et al., 2014; Stark et al., 2015b).

The antioxidant activity of garcinol with stable free radical
DPPH has been related with the presence of phenolic hydroxyl
groups, the b-diketone moiety and the double bond of the
isoprenyl group (Sang et al. 2002, 2001). Garcinol showed nearly
three times higher DPPH free radical scavenging activity than
DL-a-tocopherol by weight (Yamaguchi et al., 2000).

Among the biflavonoids, morelloflavone exhibited the strongest
radical scavenging activity according to the DPPH, ABTS and ORAC
assays with values of 58697 ± 6944, 209216 ± 11723, and 293842
± 22026 mmol Trolox/100 g of sample, respectively. On the con-
trary, volkensiflavone displayed the highest antioxidant activity
on the FRAP assay. Our results are in accordance with Panthong
et al., 2009, who isolated morelloflavone and volkensiflavone with
other three compounds from an acetone extract of Garcinia cowa.
They reported that only morelloflavone showed a high antioxidant
activity against DPPH. Additionally, Muriithi et al. (2016) and
Carrillo-Hormaza et al. (2016) obtained similar results. In their
studies, morelloflavone showed a higher scavenging activity as
compared to volkensiflavone in DPPH and ORAC assays. These
results were opposite to the results obtained by Stark et al.
(2015a) where volkensiflavone showed higher activity than morel-
loflavone in ABTS and ORAC models of antioxidant activity.
Structurally, morelloflavone is a biflavonoid comprising a fla-
vanone, naringenin covalently linked to a flavone, luteolin
(3-800-naringenilluteolin). Volkensiflavone consists of naringenin
and apigenin (3-800-naringenilapigenin). The high capacity of flavo-
noids to scavenge free radicals (R�) in vitro may be explained by
their ability to donate hydrogen radicals (H�) from the hydroxyl
groups. This reaction gives the flavonoid phenoxyl radicals and a
stable molecule (RH). As expected from its phenolic nature, both
bioflavonoids scavenge free radical. Nonetheless, the notable radi-
cal scavenging activity of morelloflavone has been related with the
hydroxyl groups at the B ring; the o-dihydroxyl unit (o-catechol)
present in the B ring is an important structural requirement for
the formation of less reactive flavonoid phenoxyl radical compared
to the free radical (R�) (Amić et al., 2003; Bors et al., 1990). Our
results suggested that G. madruno might be a good source of
metabolites with antioxidant activity and confirms the biflavone
morelloflavone as a potent antioxidant metabolite (Gontijo et al.,
2012).

4. Conclusions

G. madruno showed significant free radical scavenging and
antioxidant activity in n-hexane, dichloromethane and ethyl acet-
ate extracts. From bioactive fractions, four compounds were
isolated, including the polyisoprenylated benzophenone garcinol,
first time reported in this species, and the bioflavonoids morellofla-
vone and volkensiflavone. The three compounds displayed a signif-
icant free radical scavenging and antioxidant activity. G. madruno
might be a good source of extracts or metabolites with a notable
free radical scavenging and antioxidant activity.
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