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Abstract
Objectives: Mangifera indica L. (mango) stem bark
aqueous extract (MSBE) that has antioxidant, anti-
inflammatory and immunomodulatory properties,
can be obtained in Cuba. It is rich in polyphenols,
where mangiferin is the main component. In this
study, we have tested DNA damage and protection
effects of MSBE and mangiferin on primary human
lymphocytes and lymphoblastoid cells.
Material and methods: Cell suspensions were incu-
bated with the products (50–1000 lg/ml) for exper-
iments on damage induction, and evaluation of any
potential protective effects (5–100 lg/ml) for
60 min at 37 °C. Irradiation was performed using a
c-ray source, absorbed dose 5 Gy. At the end of
exposure, DNA damage, protection and repair pro-
cesses were evaluated using the comet assay.
Results: MSBE (100–1000 lg/ml) induced DNA
damage in a concentration dependent manner in
both cell types tested, primary cells being more
sensitive. Mangiferin (200 lg/ml) only induced
light DNA damage at higher concentrations. DNA
repair capacity was not affected after MSBE or
mangiferin exposure. On the other hand, MSBE
(25 and 50 lg/ml) and mangiferin (5–25 ug/ml)
protected against gamma radiation-induced DNA
damage.
Conclusions: These results show MSBE has pro-
tector or harmful effects on DNA in vitro depend-
ing on the experimental conditions, which suggest
that the extract could be acting as an antioxidant or

pro-oxidant product. Mangiferin was involved in
protective effects of the extract.

Introduction

Recently, there has been considerable interest in antioxi-
dant and free radical scavenging properties of many
plants and their components (1). Specifically, polyphe-
nols compose a broad family of naturally occurring
physiologically active compounds, and different biologi-
cal activities have been attributed to these molecules.
For example, antioxidant activity is important in preven-
tion of cardiovascular diseases. These molecules are also
often used as antiviral, anti-inflammatory, anti-tumoural
and immunomodulator agents (2,3).

Mangifera indica (common name, mango) is a plant
widely used in traditional medicine in different regions
of the world. In Cuba, aqueous extract can be obtained
from the stem bark of this plant (MSBE). It is the active
pharmaceutical ingredient of Vimang formulations, and
has been used for treatment of a variety of diseases and
pathological states for a number of years (4,5). Phyto-
chemical investigation of MSBE has led to the isolation
of seven phenolic constituents: mangiferin, gallic acid,
3,4-dihydroxy benzoic acid, gallic acid methyl ester, gal-
lic acid propyl ester (+)-catechin (�)-epicatechin, ben-
zoic acid and benzoic acid propyl ester (6,7). The
extract also contains triterpenes, phytosterols, fatty acids
and microelements. Ethnomedical reports show welfare
improvement in cancer patients after MSBE exposure,
including for those undergoing chemotherapy and radio-
therapy (4,5). Also, MSBE has potent antioxidant effects
as shown in both in vitro and in vivo models (3,8–12);
it is also analgesic and anti-inflammatory and has
immunomodulator activities (13–18).

Mangiferin, the main component of the extract (6,7),
is a glucosylxanthone found in large quantities not only
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in the stem bark but also in leaves and fruit of M.
indica. It exhibits several beneficial pharmacological
properties such as being anti-viral, anti-inflammatory,
hypoglycaemic, anti-diabetic, analgesic, anti-tumour and
having antioxidant activities (19–24).

Toxicological screening of MSBE has shown low
potential for general toxicity. The extract has only been
reported to be toxic to animals when injected intraperito-
neally, and after acute exposure (25). Trials have been
conducted to study whether it has any mutagenic and/or
genotoxic potential: in vitro (Ames and micronucleus
assays) and in vivo (micronucleus and comet assays, in
mice), from which results were negative (26,27); such
tests are considered sufficient for evaluating genotoxic
effects of a new product under investigation. Neverthe-
less, MSBE is rich in polyphenols, molecules with
proven genotoxic effects under certain conditions. It has
been previously observed, that many antioxidants can
exhibit pro-oxidant effects through generation of reactive
oxygen species (ROS) such as the hydroxyl radical,
which causes DNA damage (28–32). Taking high sensi-
tivity of comet assay into account, specially to detect
oxidative DNA damage, we decided to use this assay to
test effects of MSBE and mangiferin on DNA strand
breaks in human primary lymphocytes and lymphoblas-
toid cells. On the other hand, antioxidant properties of
M. indica L. and reports from traditional medicine
suggest that it could have radioprotective activity. Thus,
in this study, we have evaluated in vitro effects of
MSBE and mangiferin isolated from it, on DNA dam-
age, and protection against, gamma radiation-induced
using the comet assay, in human primary lymphocytes
and lymphoblastoid cells.

Materials and methods

Chemicals

Low-melting-point agarose, phosphate-buffered saline,
dimethyl sulphoxide (DMSO) and histopaque 1077 were
purchased from Sigma. All other reagents and solvents
used were of analytical reagent grade.

Plant material

Mangifera indica Linneo (Anacardiaceae) plants were
collected from cultivated fields located in the region of
Pinar del Rio, Cuba. Voucher specimens of the plant
(Code: 41722) were deposited at the Herbarium of
Academy of Sciences, of the Institute of Ecology and
Systematics of the Ministry of Science, Technology and
Environmental, La Habana, Cuba and authenticated by
Ramona Prieto MSc, curator, and Isora Bar�o MSc,

Director of the Herbarium. Stem bark extract of M.
indica was prepared by decoction for 1 h. The extract
was concentrated by evaporation and spray dried using
Niro Atomizer Standard Spray Drying (Soeborg, Den-
mark), to obtain a fine homogeneous brown powder
with 30–60 lm particle size of (MSBE); this melts at
210–215 °C, with decomposition (33). MSBE is used as
the standardized pharmaceutical active ingredient of Vi-
mang formulations; its chemical composition has been
characterized by chromatographic (planar, liquid and
gas) methods, mass spectrometry and UV/VIS spectro-
photometry (6,7,34).

Mangiferin (1,3,6,7-tetrahydroxy xanthone-C2-b-D-
glucoside) was isolated from the MSBE by extraction
with methanol, according to the described standard
method (6,7). This was supplied by the Laboratory of
Analytical Chemistry, Center of Pharmaceutical Chemis-
try (Havana, Cuba) with 90% purity assessed with a val-
idated HPLC-based method (6,7). MSBE and mangiferin
were dissolved in 1% DMSO for following tests. DMSO
has been shown to have no genotoxic effect (35).

Cell preparations

Human lymphocytes were isolated from fresh whole
blood as described Schmezer et al. (36). Cells were
obtained from healthy volunteers (Blood Bank, Univer-
sity of Heidelberg) and were purified using the Lympho-
prep kit (Nycomed Pharma, Oslo, Norway). Immediately
thereafter, cells were cryopreserved in 10% DMSO,
90% foetal calf serum (FCS) by cooling in a freezer
(Neolab, Heidelberg, Germany). Frozen cells were kept
at �80 °C until the day of assay. Frozen samples were
then rapidly thawed, washed in RPMI-1640 medium and
adjusted to a concentration of 1 9 106 cells per ml, in
the medium supplemented with 10% FCS and 2 mM L-
glutamine. After being cultured for 20 h at 37 °C with
5% CO2, cells were employed in the experiments.

Human lymphoblastoid cell line (AT516F) was
obtained from the German Center for Cancer Research
Cell Bank, Heidelberg, Germany. Monolayer cultures
were grown in RPMI medium supplemented with 10%
foetal calf serum, 2 mM glutamine and antibiotics. Cells
were maintained at 37 °C in an atmosphere with 5%
CO2 and 95% air, with higher than 95% humidity. For
obtaining cell suspensions, cells were detached by treat-
ment with 0.25% trypsin/0.02% EDTA at 37 °C.

Cell viability

Cell viability was measured using the trypan blue exclu-
sion assay, before and after exposure to different con-
centrations of the products or gamma irradiation. Each
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aliquot of cells was suspended in 0.4% trypan blue and
cells were scored for inclusion or no inclusion, of the
dye. Values obtained were expressed as percentage cell
viability, calculated in relation to non-treated cells
(100% value).

Effect of MSBE and mangiferin on DNA damage in
primary lymphocytes and lymphoblastoid cells

Cell suspensions were incubated with different concen-
tration ranges of both products as appropriate for the
experiments (50–1000 lg/ml to assess damage, and 5–
100 lg/ml to evaluate protective effects) for 60 min at
37 °C in an incubator, in the dark, together with
untreated control and samples treated with 5 Gy used as
positive control. At the end of exposure, DNA damage
was evaluated on both cell type suspensions.

Effect of MSBE and mangiferin on DNA repair in
primary lymphocytes and lymphoblastoid cells

Samples on slides were incubated with MSBE and
mangiferin, in RPMI medium for 15, 30 and 60 min at
37 °C. They were then lysed and electrophoresis was
performed.

Effect of MSBE and mangiferin on DNA damage
induced by c-radiation, in primary lymphocytes

After incubation periods with the product concentrations,
cell suspensions were mixed with low melting agarose,
but just before lysis, each sample was exposed to 5 Gy
using a 137Cs-source at 12 Gy/min; they were then incu-
bated overnight at 4 °C. Electrophoresis was then per-
formed.

Alkaline single-cell gel electrophoresis (comet assay)

The comet assay was performed under alkaline condi-
tions according to the procedure of Sing et al. (37) with
slight modifications. Fifty microlitre cell suspensions
were mixed with 350 ll of 0.7% low melting agarose
kept at 42 °C. Fifty microlitre aliquots of this cell sus-
pension were pipetted on two areas of Comet SlidesTM

(Trevigen Inc., Gaithersburg, MD, USA). These samples
were then placed on ice for 10 min to accelerate gelling
of the agarose layer, then transferred to pre-chilled lysis
solution (100 mM Na2EDTA, 10 mM Tris, 2.5 mM NaCl,
1% sodium sarcosinate, 1% Triton X-100, 10% DMSO,
pH 10) and incubated overnight at 4 °C.

After lysis, slides were placed in a horizontal gel
electrophoresis tank with a high-pH electrophoresis buf-
fer (1 mM EDTA, 300 mM NaOH, pH 13). Samples

remained in electrophoresis buffer for 20 min to allow
unwinding of DNA. Electrophoresis was then performed
for 20 min at 25 V and 300 mA. Following electropho-
resis, samples were fixed for 5 min in ice-cold absolute
ethanol and air-dried. They were then stained with 50 ll
SYBR Green solution (Molecular Probes, Inc., Leiden,
The Netherlands) diluted 1:10 000 in TE buffer (10 mM

Tris–HCl/1 mM EDTA, pH 7.5). Slides were examined
using a fluorescence microscope with camera attached,
connected to a personal computer-based image analysis
system (Komet 5.0, Kinetic Imaging Ltd., Liverpool,
UK). For each analysis, 50 individual cells were calcu-
lated by gel and two slides were prepared by treatment
in each experiment. DNA damage was expressed as tail
moment. DNA migration was directly expressed as
mean tail intensity from each slide from the experi-
ments, according to guidelines as described (38).

Statistical analysis

Values were expressed as mean � SEM. All data were
checked using the Kolomogorov–Smirnov test and
homogeneity of variances was assessed using the Bartlet
test. Statistical significance between control and treated
groups was evaluated using the Mann–Whitney test.
P < 0.05 was accepted to be statistically significant.

Results

Cell viability

Neither MSBE nor mangiferin induced significant reduc-
tion in cell viability, this being >85% over all series
(Fig. 1a,b). These results reveal that both extract and
mangiferin did not reduce viability of human primary
lymphocytes nor cells of the lymphoblastoid line, after
1 h exposure of up to 1000 lg/ml.

Effect of MSBE and mangiferin on DNA damage and on
DNA repair

DNA strand breaks and the repair process in the lym-
phocytes and lymphoblastoid cells were measured using
the comet assay. Figure 1a and 1b shows DNA damage
induced by MSBE at 37 °C for 60 min; degree of DNA
damage was expressed as tail moment. MSBE induced
DNA damage in both types of cell (primary lympho-
cytes and lymphoblastoid line) after 60 min exposure at
higher concentrations (100–1000 lg/ml). Damage
increased dependent upon concentration increase, com-
pared to control cells. This effect was also observed
time exposure dependently (0–60 min) (data not shown).
Mangiferin though induced only light DNA damage at
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higher concentration tested (200 lg/ml); this was not
statistically different from control cells (data not shown).
On the other hand, the results show that primary human
lymphocytes were more sensitive than lymphoblastoid
cells, to DNA damage.

We also checked the ability of DNA to repair
changes caused by the extract (Fig. 2a,b) and mangiferin
on cells. Data suggest that DNA strand breaks started to
be repaired 15 min after removal MSBE to be com-
pletely repaired 60 min after stopping exposure of cells
to the extract. Repair did not change after mangiferin
treatment (data not shown). In this sense, it is possible

to affirm that DNA repair capacity was not affected after
MSBE or mangiferin exposure.

Effect of MSBE and mangiferin on DNA damage
induced by gamma radiation

Figure 3a and 3b shows effects of MSBE and mangifer-
in pre-treatment on human lymphocyte damage by
induced by gamma radiation. As can be seen, low con-
centrations of MSBE (25–50 lg/ml) and mangiferin (5–
25 lg/ml) protected against radiation-induced DNA
damage in these cells.
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Figure 1. Effect of Mangifera indica L. extract (MSBE 50, 100, 200, 500, 1000 µg/ml) on strand breaks in human peripheral lymphocytes
(a) and lymphoblastoid cell line (b) after 60 min of incubation expressed as tail moment in Comet assay (y-axis on the left). As a positive
control, cells were exposed to c-irradiation (5 Gy). Untreated cells served as negative controls. Ghost cells (y-axis on the right) represent number of
observed cells with total DNA fragmentation. Data from three independent determinations are expressed as mean � SEM, *P < 0.05 with respect
to control group (Mann–Whitney U-test).
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Discussion

Comet assay is a sensitive method for detecting DNA
strand breaks at the level of individual cells. The alka-
line version is a method that enables detection of the
broadest spectrum of DNA damage, as induction of dou-
ble-and single-strand DNA breaks. These lesions can be,
as well as by others causes, a consequence of oxidative
damage produced by increase of ROS in cells (28,39–
41).

Yet, pro-oxidative activity is related to induction of
free radical damage to such non-lipids as DNA, protein
and carbohydrates, and to be the cause of many geno-
toxic effects observed (28,29,42–44). There are lines of
evidence showing that most plant-derived polyphenolic

antioxidants, including flavonoids and tannins, act as
pro-oxidants either alone or in the presence of transition
metals. For example, it is known that flavonoids can
either enhance or inhibit formation of hydroxyl radicals
by Fenton-type reactions (44,45). In turn, there are
reports concerning genotoxic effects associated with pro-
oxidant activity, for gallic acid, its derivates and tannic
acid by 1 h exposure to concentrations higher than
60 lM, in human lymphocytes. Tannic acid, for exam-
ple, in the presence of Cu (II), causes DNA degradation
through generation of ROS, structural features being one
important factor for both antioxidant action and genera-
tion of hydroxyl radicals.

Mangifera indica L. (mango) stem bark aqueous
extract is a complex mixture of compounds, where po-
lyphenols (40–60%) are the chemical entity most repre-
sented (7,34,46). These have powerful antioxidant
properties both at in vitro and in vivo assays (3,8,9,11,12)
without pro-oxidant activity. The present study shows that
higher concentrations of MSBE induce DNA damage in
both cell types tested, which could be associated with

0

1

2

3

4

5

6

7

8

Control 5 Gy MSBE (200 µg/mL)

Control 5 Gy MSBE (200 µg/mL)

Ta
il 

m
om

en
t

Treatments

*

*

*

0

1

2

3

4

5

6

7

8

Ta
il 

m
om

en
t

Treatments

0 min
15 min
60 min

*

*

*

*

0 min
15 min
60 min

(a)

(b)

Figure 2. Effect of Mangifera indica L. extract (MSBE) on DNA
repair in human peripheral lymphocytes (a) and lymphoblastoid
cell line (b) after 60 min of incubation expressed as tail moment in
Comet assay. As a positive control, cells were exposed to c-irradiation
(5 Gy). Untreated cells served as negative controls. The times (0, 15
and 60 min) represent the incubation period for detecting the capacity
of cells to repair DNA damage induced by the extract or c-irradiation.
Data from three independent determinations are expressed as
mean � SEM, *P < 0.05 with respect to control group (Mann–Whit-
ney U-test).
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Figure 3. (a) Effects of Mangifera indica L. extract (MSBE 0, 25,
50 µg/ml) and (b) mangiferin (M 0, 5, 10 25, 50, 100 µg/ml) on the
radiation-induced DNA damage in primary human lymphocytes
after 60 min of incubation expressed as tail moment in Comet
assay. As a positive control, cells were exposed to c-irradiation
(5 Gy). Untreated cells served as negative controls. Data from three
independent determinations are expressed as mean � SEM. Treatments
not sharing the same letters are significantly different by the Mann–
Whitney U-test (P < 0.05).
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ROS generation by polyphenols present in the extract
under these experimental conditions. This suggests that
MSBE could be acting as an antioxidant and as a pro-
oxidant product, depending on the conditions.

On the other hand, catechol functional groups pres-
ent in numerous flavonoids and other polyphenols are
oxidized during cell protection against free radical pro-
duction, generating semiquinone radicals and quinines
(47,48). These compounds have been described to be
potentially toxic, due to (among other reasons) their
ability to induce DNA damage; this type of groups are
present in mangiferin. In this sense, exhibition of geno-
toxic activity by this xanthone could be expected. Our
results suggest that mangiferin (up to 200 lg/ml) was
not genotoxic in lymphocytes or lymphoblastoid cells.
Thus, at least under these experimental conditions,
mangiferin was not involved in genotoxic effects
induced by the extract.

Mangiferin and tannins (tannic and gallic acids) have
exhibited pro-apoptotic activity in mammalian cells and
this property seems very close to their pro-oxidant activi-
ties (49). Many authors report that increase of comet type
4 damage can be associated with induction of apoptosis
(50). This was observed after MSBE exposure; the geno-
toxic damage could be associated with induction of apop-
tosis. However, lately, this hypothesis has been refuted.
The sub-cellular variant of comet assay using different
pH conditions during electrophoresis (12.1 and 13) as
described by Kasamatsu et al. (51) was used for studying
the nature of DNA damage. Results of this assay demon-
strated that MSBE induced damage to naked DNA of
isolated lymphocytes under both pH conditions for
unwinding and electrophoresis, which are statistically
significant for 50 and 100 lg/ml MSBE in pH 13 and
pH 12.1, respectively. These results also indicate that the
genotoxic effect was higher at pH 13 electrophoresis con-
ditions than at pH 12.1. This can be related to unwinding
and electrophoresis at pH 13, which permits detection of
different types of DNA damage, such as single-strand
breaks, double-strand breaks and alkali-labile sites
(ALS). The same step at pH 12.1 does not detect ALS.
Thus, it could be suggested that, in these experimental
conditions, MSBE extract principally induces formation
of ALS. ALS is produced by action of specific radical
oxygen species and action of alkaline medium (2). Thus,
these data suggest that MSBE induces strand breaks to
DNA by different mechanisms from the apoptotic pro-
cess, revealed by sub-cellular comet assay performed
under experimental conditions where cellular components
necessary to develop apoptosis are not present.

Previous results have shown that the extract did not
induce single-strand breaks or alkali-labile sites in blood
peripheral lymphocytes of treated animals compared to

controls, revealed by comet assay. MSBE induced cyto-
toxic activity, determined as cell viability or polychro-
matic erythrocytes/normochromatic erythrocytes (PCE/
NCE) ratio, but neither increased frequency of micronu-
cleate binucleate cells in culture of human blood nor in
treated mouse bone (26). DNA damage observed by
comet assay can be repaired and for this reason no clasto-
genic effects are observed in micronucleus assays. Our
results are also in agreement with the close relationship
observed between influence of redox environment in
proximity to the DNA molecule, and genotoxic activity
observed for this kind of molecule (41). Other factors
such as absorption, distribution and metabolism of the
extract could contribute to differences observed between
in vitro and in vivo assays. Similar results have been
observed for other polyphenols; for example, quercetin
induces DNA damage in vitro, but it is not a genotoxic
compound in vivo. Results of the present study must be
analysed as part of the genotoxic evaluation of MSBE in
which there have been different levels of DNA damage.

Humans are exposed to ionizing radiation in diag-
nostic and therapeutic purposes and in occupational set-
tings, amongst others. Ionizing radiation damages DNA
by affecting the fidelity of DNA replication, causing
genomic instability that may result in mutagenesis and
carcinogenesis (52). In many cases, lesions observed are
caused by generation of free radicals. There are reports
that indicate how products isolated from plants have
received special attention for their radioprotective prop-
erties, as in many cases, they are better tolerated and
have minor adverse effects compared to synthetic radio-
protective agents (53).

Taking into account the antioxidant effects reported
for MSBE and the ethnomedical reports observed, in this
study we evaluated consequences of low concentrations
of MSBE and mangiferin on human lymphocytes and
cells of a lymphoblastoid line, on gamma radiation-
induced damage (Fig. 3a,b). Results show that MSBE
(25 and 50 lg/ml) protected against radiation-induced
DNA damage in this cells, which agree with its antioxi-
dant profile. In this sense, probably, the mechanism
involved in these radioprotective effects could be related
to scavenging of radiation-induced free radicals. Recent
studies support that MSBE and mangiferin have scaven-
ger effects on free radicals (12) and reduce lipid peroxida-
tion in both in vitro and in vivo models (3,9–11). They
may also contribute to reducing DNA damage resulting
from exposure to gamma radiation, as lipid peroxidation
has been reported as an inductor of damage to DNA (54).

In this investigation, we also confirmed that mangif-
erin (5–25 lg/ml) protected DNA from gamma
radiation-induced damage, which suggests that this poly-
phenol is at least in part responsible of radioprotective
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effects observed for the extract. This result is consistent
with other preliminary reports (53) have observed that
mangiferin reduced the frequency of radiation-induced
micronucleate binucleate cells in cultures of human
peripheral blood lymphocytes. These authors also asso-
ciated the radioprotective effects observed with antioxi-
dant properties of mangiferin under those experimental
conditions.

In conclusion, these findings affirm that mangiferin
could be involved in protective effects of MSBE against
radiation-induced damage to DNA in human lympho-
cytes. However, M. indica L. aqueous stem bark extract
and mangiferin, its main component, exhibit DNA dam-
age as well as protective in vitro effects under certain
conditions, which suggest that this extract might act as
either an antioxidant or a pro-oxidant agent.
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