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Advanced glycation end-products (AGEs) have been shown to be implicated in many degenerative
disorders as well as diabetic pathology. Of interest, several natural compounds including phenolic
constituents are capable of inhibiting the formation of AGEs. Bio-guided fractionation of a methanol
extract from Mangifera indica leaves led to the characterization of six antiglycative constituents
including gallic acid (1), iriflophenone-3-C-β-D-glucoside (2), mangiferin (3), iriflophenone-3-C-(2'-Ogalloyl)-β-D-glucoside (4), hyperoside (5) and isoquercitrin (6). With IC50 values lower than that of
aminoguanidine, the six identified phenolic compounds can be regarded as remarkable inhibitors of
advanced glycation end products formation and M. indica leaves should be considered as a potential
nutraceutical resource to prevent carbonyl stress-related diseases.
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INTRODUCTION
Mangifera indica L. (family: Anacardiaceae) is widely
growing in many parts of the world particularly in tropical
countries (Rodeiro et al., 2006). In traditional medicine,
leaves of M. indica are employed to treat a wide range of
diseases including malaria, diabetes, diarrhea, dysentery
and so on (Yakubu et al., 2015). It has been reported that
its bioactive compounds are ascorbic acid, carotenoids
as well as phenolic derivatives including gallotannins,
flavonoids, xanthones and benzophenones (Shaheen et

al., 2017). These constituents have been shown to exert
several interesting pharmacological activities such as
antimicrobial, anti-inflammatory, immunomodulatory,
analgesic and antidiabetic effects (Fernández-Ponce et
al., 2015; Vasil’ev et al., 2006).
Of interest, all these properties can be, at least in part,
related to positive action on oxidative and/or carbonyl
stress (Halake et al., 2016; Mildner-Szkudlarz et al.,
2017). It has to be noted that the potent antioxidant
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activity of mango leaves has already been reported by
different studies (Pereira et al., 2007; Fernández-Ponce
et al., 2012; Ling et al., 2009). By contrast, very limited
investigations have been done regarding inhibitory effects
on the formation of advanced glycation end products
(AGEs) (Itoh et al., 2017). AGEs are the final products of
a nonenzymatic reaction, also known as Maillard
reaction, occurring between reducing sugars and nucleic
acids, lipids or free amino groups of proteins. Numerous
studies have demonstrated that the formation and
accumulation of AGEs can accelerate the ageing process
(Kim et al., 2017).
Additionally, AGEs are involved in the development of
numerous pathologies such as atherosclerosis, neurodegenerative diseases as well as diabetic complications
(Yang et al., 2018). Inhibition of the formation of these
harmful glycotoxins is thus considered as a promising
preventive or therapeutic target for a wide range of
disorders (Brings et al., 2017) and increasing
consideration is recently being given to the evaluation of
phytoconstituents as antiglycating agents.
The present study aimed thus at performing a bioguided fractionation of a methanolic extract from mango
leaves in order to identify potential AGEs inhibition
constituents. In vitro bovine serum albumin/D-ribose
fluorimetric assay was chosen to evaluate the AGEs
inhibition properties of the fractions and compounds.
Knowing that scavenging reactive oxygen species is also
considered as a mechanism of AGEs inhibition (Reddy et
al., 2006), antioxidant activity was also assessed by
using colorimetric DPPH assay.
MATERIALS AND METHODS
Reagents
Methanol, dichloromethane, ethyl acetate, butanol, trifluoroacetic
acid, acetonitrile, D-ribose, bovine serum albumin (BSA),
aminoguanidine hydrochloride, gallic acid, 1,1-diphenyl-2-picrylhydrazyl
(DPPH),
Trolox,
fluorescein,
2,2′-azobis(2methylpropionamidine) dihydrochloride, Iron (II) chloride and
ferrozine were bought from Sigma-Aldrich (Saint-Quentin Fallavier,
France). Ethylenediaminetetraacetic acid disodium salt (EDTA) was
purchased from Fisher Chemical (Illkirch, France).
Instrumentation
Proton and carbon nuclear magnetic resonance spectra were
recorded in acetone-d6 on a Bruker DRX 500 spectrometer (1H:500
MHz, 13C:125 MHz) (Bruker Biospin SAS, Wissembourg, France).
HPLC analyses were performed with a reverse phase column
(Uptisphere® C18, 250 mm × 4.6 mm, 3.5 μm particle size) using a
UHPLC Ultimate 3000 RSLC apparatus with a DAD UV/VIS 3000
RS detector (Thermo-Fisher Scientific, Germany) and mass
spectral analysis was carried out on a Orbitrap Q-Exactive
(Thermo-Fisher Scientific, Germany).

laboratory herbarium (Laboratory of Pharmacognosy, Faculty of
Medicine, Pharmacy and Odontology from University Cheikh Anta
Diop of Dakar, Senegal).
Extraction and isolation of bioactive compounds
The air-dried plant material was powdered and macerated twice for
48 h with methanol at room temperature. The extract was then
filtered and methanol was completely removed under reduced
pressure on a rotary evaporator.
Crude methanol extract (20 g) was dissolved in distilled water
and the aqueous solution was successively partitioned with
dichloromethane, ethyl acetate and butanol. Each resulting solvent
fraction was concentrated as described earlier to yield a
dichloromethane fraction (DF, 1.68 g), an ethyl acetate fraction
(EAF, 5.32 g), a butanol fraction (BF, 6.81 g) and an aqueous
fraction (AF, 5.93 g). A portion of BF (1.5 g) was fractionated using
steric exclusion column chromatography (Sephadex® LH-20, 90 g)
eluted with a MeOH and water gradient system (60:40 to 80:20),
yielding a total of 12 combined fractions. Fraction 5 afforded directly
compound 2 (220 mg). Besides, compound 4 was detected as the
major constituent of fraction 7 (150 mg). Further purification was
performed by mean of semi-preparative HPLC (Nucleosil® RP-18,
250 mm × 100 mm, 5 μm particle size) eluted with a mobile phase
consisting of water containing 0.1% trifluoroacetic acid and
acetonitrile to yield 15 mg of compound 4. Compounds 2 and 4
were unambiguously characterized on the basis of their MS and
NMR data as well as through comparison with published reports
(Barreto et al., 2008; Pranakhon et al., 2015).
Iriflophenone-3-C-β-D-glucoside (2): ESI-MS m/z 407.0980 [M –
H]− (calcd for C19H19O10, 407,0978). 1H NMR (acetone-d6) δ: 3.403.70 (4H, m), 3.85 (2H, br s), 4.93 (1H, d, J = 9.75 Hz), 5.99 (1H, s),
6.85 (2H, d, J = 8.75 Hz), 7.64 (2H, d, J = 8.75 Hz).
Iriflophenone 3-C-(2'-O-galloyl)-β-D-glucoside (4): ESI-MS m/z
559.1091 ([M – H]− (calcd for C26H23O14, 559,1088). 1H NMR
(acetone-d6) δ: 3.50-3.85 (3H, m), 3.89 (2H, br s), 5.18 (1H, d, J =
10 Hz), 5.43 (1H, t, J = 10 Hz), 5.89 (1H, s), 6.83 (2H, d, J = 7.5
Hz), 7.06 (2H, s), 7.61 (2H, br s).
Evaluation of antiglycation activity
Inhibition of AGEs formation was conducted according to Derbré et
al. (2010). Briefly, 40 μL of bovine serum albumin (BSA, 25 mg/mL),
40 μL of D-ribose (120 mM) and 20 µL of sample solutions were
incubated at 37°C in a phosphate buffer, 50 mM, pH 7.4. Sample
solutions (extract, fractions and pure compounds) were prepared in
phosphate buffer (50 mM, pH = 7.4) and DMSO (final concentration
1% (v/v)). Extract and fractions were evaluated at final
concentrations of 0.05 to 1 mg/mL while pure compounds were
assessed at concentrations of 25 to 500 µM. Aminoguanidine, a
widely used inhibitor of AGEs formation (Abdallah et al., 2016;
Yang et al., 2018), was employed as positive control (0.5 to 10
mM). Complete reaction mixture including BSA and ribose in PBS
was used as negative control (100% of AGEs formation). After 24 h
of incubation, AGEs fluorescence was measured with a microplate
reader (TECAN infinite F200 PRO) using 370 and 440 nm as the
excitation and emission wavelengths, respectively. The IC50 value
was calculated from the linear regression analysis of doseresponse curve plotting extract or compounds concentration versus
inhibition percentage of AGEs formation. All analyses were
performed in triplicate and results were expressed as mean ±
standard error of mean (SEM).

Plant material
M. indica leaves (500 g) were collected from cultivated trees at
Diender, Senegal, in July 2016 and identified by Dr. William Diatta.
A voucher specimen (N°1166 M. indica L.) has been deposited in a

Evaluation of radical scavenging activity
The DPPH radical scavenging activity was evaluated according to a
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Table 1. Antiglycation and DPPH radical scavenging activities of Mangifera indica methanol extract and its
fractions.

Extract
Mangifera indica methanol extract
Dichloromethane fraction
Ethyl acetate fraction
Butanol fraction
Aqueous fraction
Aminoguanidine

AGEs inhibition
IC50 (µg/mL)
165 ± 2
260 ± 13
149 ± 9
116 ± 7
> 400
259 ± 7

DPPH scavenging activity
(μmol TE/g)
2 139 ± 146
1 058 ± 29
4 705 ± 236
1 884 ± 166
383 ± 37
ND

Antiglycation and antioxidant activities are indicated as means ± SEM (n = 3). TE: Trolox equivalent, ND: not determined

previously published method (Meda et al., 2017). Briefly, 10 µL of
extract or fractions (0.1-2.5 mg/mL in methanol) or pure compounds
(1-40 mM in methanol) were added to 2.5 mL of fresh DPPH
solution (25 µg/mL in methanol). After 30 min of incubation, the
decrease in DPPH absorbance was recorded at 515 nm. A
standard curve of Trolox in the range of 0.1 to 6 mM was
constructed (R2 = 0.9978, y = 1101.1x + 1.5196) and results were
indicated as µmol of Trolox Equivalents per g (µmol TE/g) for
fractions and as IC50 for pure compounds. Each assay was
conducted in triplicate and results were expressed as mean ± SEM.

RESULTS AND DISCUSSION
M. indica methanolic extract (MIME) was first evaluated
for its antiglycation and antioxidant activities. As
illustrated in Table 1, results indicated that the studied
extract exerted very potent anti-AGEs and radical
scavenging effects. Indeed, with an IC50 value of 165 ± 2
μg/mL, MIME was shown to possess a stronger AGEs
inhibition activity than the positive control aminoguanidine
(259 ± 7 μg/mL). Consistently with previous investigations
of M. indica leaves (Ling et al., 2009), a substantial
DPPH radical scavenging effect was also highlighted
(2139 ± 146 μmol Trolox equivalent (TE)/gram of dry
extract). The whole extract was thus submitted to liquidliquid fractionation using solvents of increasing polarities,
yielding dichloromethane (DF), ethyl acetate (EAF),
butanol (BF) and aqueous (AF) fractions. As indicated in
Table 1, BF was shown to exert the highest AGEs
inhibition activity as demonstrated by its very low IC50
value of 116 ± 7 µg/mL. By contrast, the best DPPH
radical scavenging activity was obtained for EAF,
highlighting the fact that the most potent anti-AGEs
compounds of M. indica leaves were not the best DPPH
radical scavengers. Taking these data into consideration,
we thus embarked upon an investigation of BF chemical
composition, seeking for new anti-AGEs natural
compounds.
HPLC-DAD/MS analyses were performed to identify the
main constituents of BF. As shown in Figure 1, six major
compounds were detected at a wavelength of 280 nm.
Compounds 1, 3, 5 and 6 were respectively identified as
gallic acid, mangiferin, hyperoside and isoquercitrin by

comparing their retention times, UV spectra and MS data
(Table 2) with those of reference commercial standards.
Conversely, compounds 2 and 4 did not match with any
available standards and purification of these two
constituents was achieved to unequivocally determine
their structures. A portion of BF was then submitted to
steric exclusion column chromatography to afford directly
compound 2. This constituent was unambiguously
characterized as iriflophenone-3-C-β-D-glucoside on the
basis of its MS (Barreto et al., 2008) and NMR data
(Pranakhon et al., 2015). Further purification by mean of
semi-preparative HPLC led to the isolation of compound
1
13
4. Analysis of its H and C NMR data allowed the
characterization of a benzophenone glycoside acylated
with a galloyl unit. Deeper investigation of 2D NMR
spectra led to the unambiguous identification of
iriflophenone 3-C-(2'-O-galloyl)-β-D-glucoside. Of note,
spectral data of this very unusual compound were in
agreement with a previous chemical study of M. indica
leaves (Barreto et al., 2008) which constituted the sole
description of this constituent in plant kingdom.
As indicated in Table 3, the six identified constituents
were all shown to exert substantial inhibitory activity
against in vitro protein glycation, as attested by their IC50
values lower than that of aminoguanidine. With IC50
values ranging from about 100 µM, compounds 3, 5 and
6 were determined as the most potent inhibitors of the
studied fraction. Of note, these results are consistent with
previous published studies highlighting the strong antiAGEs capacity of xanthone derivatives and flavonoid
glycosides (Abdallah et al., 2017; Derbré et al., 2010).
More precisely, the potent antiglycation activities of
compounds 3, 5 and 6 have been previously reported by
two distinct studies (Itoh et al., 2017; Kim et al., 2011)
using glucose or fructose as reducing sugars. By
contrast, data regarding benzophenone constituents are
scarcer and the noticeable antiglycation activity of
compound 4 is firstly reported. As illustrated in Table 3,
compounds 3, 4, 5 and 6 were also identified as potent
DPPH radical scavengers indicating that their potent antiAGEs activities might be, at least in part, related to
antioxidant action. It has however been noted that, in the
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Figure 1. HPLC-UV Profile of Butanol Fraction from Mangifera indica
methanol extract with Detection at 280 nm. 1. Gallic acid; 2. Iriflophenone
3-C-β-D-glucoside; 3. Mangiferin; 4. Iriflophenone 3-C-(2'-O-galloyl)-β-Dglucoside; 5. Hyperoside; 6. Isoquercitrin.

Table 2. UV and MS Data of Major Constituents of Butanol Fraction from Mangifera indica methanol extract.

Compound
Gallic acid (1)
Iriflophenone 3-C-β-D-glucoside (2)
Mangiferin (3)
Iriflophenone 3-C-(2'-O-galloyl)-β-D-glucoside (4)
Hyperoside (5)
Isoquercitrin (6)

RT
(min)
2.1
5.4
7.2
8.4
20.2
20.9

-

[M - H]
(m/z)
169.0132
407.0980
421.0775
559.1091
463.0883
463.0885

2

MS fragment ions
a
(m/z)
125
317, 287, 245, 193
331, 301, 271
407, 287, 269, 169
300, 271
300, 271

b

λmax
(nm)
216, 271
207, 295
240, 257, 318, 365
208, 284
255, 353
255, 353

Retention times (RT), parent ions ([M - H]-) and UV maximum absorption (λmax). aThe major ions are indicated in bold. bThe wavelengths of maximum
absorption are indicated in bold.

same way as for fractions evaluation, no perfect
correlation occurs between antioxidant and antiglycation
2
activities of the studied constituents (R = 0.4592). For
instance, compound 1 was identified as the most potent
DPPH scavenger of the fraction but was only inducing
moderate antiglycation activity compared to compounds
3, 4, 5 and 6. It suggests thus that other mechanisms
than antioxidant effect might account for the antiglycation
properties of the most potent inhibitors constituents of M.
indica leaves.
The formation of AGEs is indeed considered as a
multifactorial process (Abdallah et al., 2016). Generated
through several different pathways including Maillard
reaction as well as glucose autoxidation, lipid peroxidation

or the polyol pathway, α-dicarbonyl species such as
glyoxal (GO) and methylglyoxal (MGO) have also been
identified as crucial intermediates in the formation of
AGEs (Nowotny et al., 2015). It is now well established
that scavenging these highly reactive carbonyl species
constitute an effective strategy for limiting AGEs
formation (Li et al., 2014). Of interest, several flavonoid
derivatives including quercetin have been shown to
efficiently trap GO and MGO under physiological
conditions (Li et al., 2014). It is worth mentioning that A
ring of quercetin was identified as a crucial structural
feature for activity. Indeed, characterization of its MGO
adducts proved that positions 6 and 8 of quercetin were
the active sites for trapping dicarbonyl derivatives. To the
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Table 3. AGEs inhibition and antioxidant activities of major constituents of butanol fraction from
Mangifera indica methanol extract.

Compound
1
2
3
4
5
6
Aminoguanidine

AGEs inhibition activity
IC50 (µM)
279 ± 46
334 ± 14
101 ± 2
217 ± 16
102 ± 2
89.2 ± 5.2
3 496 ± 94

DPPH scavenging activity
IC50 (µM)
6.67 ± 0.24
128 ± 6
10.5 ± 0.3
10.1 ± 0.1
7.20 ± 0.2
8.82 ± 0.5
ND

1. Gallic acid; 2. Iriflophenone 3-C-β-D-glucoside; 3. Mangiferin; 4. Iriflophenone 3-C-(2'-O-galloyl)-β-Dglucoside; 5. Hyperoside; 6. Isoquercitrin. ND, Not determined.

best of our knowledge, no data are available concerning
hyperoside (5) and isoquercitrin (6). However, these two
quercetin-3-O-glycosides possess the exact same A ring
than quercetin and might also be capable of reacting with
carbonyl species. By contrast, gallic acid (1) has been
previously shown to exert almost no trapping effect of
MGO (Shao et al., 2014). The lack of reactivity of that
phenolic acid towards reactive dicarbonyl species could
thus explain, at least in part, the modest antiglycation
activity of compound 1 compared to flavonoid derivatives
of the studied extract.

Conclusion
The present results attest that the leaves of M. indica
exert strong and promising in vitro antiglycative activity.
Further investigations using in vivo models would now be
of major interest to confirm the potential of M. indica
leaves to prevent carbonyl stress-related diseases. By
using a bio-guided approach, this study also identified six
potent antiglycative constituents including gallic acid,
mangiferin, quercitrin, hyperoside, iriflophenone 3-C-β-Dglucoside and iriflophenone 3-C-(2'-O-galloyl)-β-Dglucoside. With IC50 values lower than that of
aminoguanidine, these six phenolic compounds can be
regarded as remarkable inhibitors of AGEs formation as
well as suitable markers for quality control of mango
leaves.
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