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Abstract:

Background: Accumulating evidence indicates that mangiferin (MGF), a natural xanthone, by virtue of its antioxidant and anti-
inflammatory properties is neuroprotective. Here we sought to verify the cytoprotective role of MGF on cultured rat primary mesen-
cephalic cells exposed to 6-hydroxydopamine (6-OHDA) in vitro, and the MGF's anti-inflammatory potential in mouse model of
ketamine-induced schizophrenia in vivo.

Methods: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-assay was performed to measure cell viability in mesen-
cephalic cell cultures exposed to neurotoxin (6-OHDA, 40 uM). Schizophrenia was induced in mice by ketamine (50 mg/kg, ip, twice a
day, for 7 days). The treatment effects of MGF (50 mg/kg, po, for 7 days) were verified on locomotor behavioral changes in open-field test,
and on the oxidant stress-related increase in lipid-peroxidation (malondialdehyde) and interleukin-6 (IL-6) levels in brain tissues.
Results: MGF (10-100 pM) produced no per se effect on cell viability as measured by MTT assay, but significantly prevented the
6-OHDA-induced cell death in a concentration-dependent manner. Acridine orange/ethidium bromide (AO/EtBr) staining con-
firmed the absence of 6-OHDA-induced morphological changes characteristic of apoptosis/necrosis. In open-field test, ketamine-
induced impaired locomotor activity and behavioral changes such as grooming and stereotyped but not rearing were effectively ame-
liorated by MGF pretreatment. Also, ketamine-associated increase in brain tissue levels of IL-6 and MDA were significantly lowered
in MGF-pretreated mice.

Conclusion: Mangiferin has a neurocytoprotective role related, at least in part, to an antioxidant and anti-inflammatory mechanism,
which could be explored for more effective therapies of schizophrenia and other neurodegenerative diseases.
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vast clinical importance. Free iron can react with
H,0, via the Fenton reaction, a primary cause of lipid
peroxidation, and may be of particular importance for
these disorders [1]. Schizophrenia is a severe brain
disorder characterized by hallucinations, disordered
thinking and deficiencies in cognition and it has been
suggested that environmental factors combined with
a genetic predisposition result in the manifestation of
this disease [25]. Despite its high incidence in general
population, lack of adequate understanding on the pa-
thophysiology of schizophrenia makes the treatment
options difficult. Extensive evidence indicates that the
glutamatergic N-methyl-D-aspartate (NMDA) neuro-
transmission is highly disrupted resulting in severe
cognitive dysfunction and this pathway seems to be
highly deregulated in experimental models of schizo-
phrenia that simulate the symptoms of schizophrenia
[6, 11, 28, 35, 43]. Some other studies indicated brain
histaminergic neuronal system involvement in the
pathogenesis of schizophrenia based on the protection
offered by histamine 3-receptor antagonists/inverse
agonists in the established animal models of schizo-
phrenia [29, 30].

Drugs used to treat schizophrenia include the older
generation medications such as chlorpromazine,
haloperidol, perphenazine and fluphenazine, which
are known to cause extrapyramidal side effects. On
the other side, the newer generation drugs including
the atypical antipsychotics like clozapine, risperidone,
olanzapine, quetiapine, and ziprasidone have little or
no side effects. Due to the low acceptability of these
synthetics, the search has been shifted to the natural
products having antioxidant and anti-inflammatory
properties, which can afford better health promoting
effects, compared to synthetics.

Mangiferin (MGF), a naturally occurring gluco-
sylxanthone (Fig. 1) commonly encountered in sev-
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Fig. 1. Chemical structure of mangiferin (1,3,6,7-tetrahydroxy-
xanthone C2-D-glucoside)

eral traditional medicinal plants [16] has been shown
to produce multiple pharmacological effects that in-
clude antioxidant and anti-inflammatory [2, 4, 32],
immunomodulatory [20, 26], and neuroprotective [9,
33] activities. There have been reports that MGF de-
creases glutamate-induced neurotoxicity and memory
loss induced by scopolamine [23, 27, 39]. We previ-
ously demonstrated that MGF affords gastroprotec-
tion against absolute ethanol or indomethacin-induced
gastric ulceration through an antioxidant mechanism
[10]. Impaired antioxidant defenses are suggested to
participate in the pathophysiology of schizophrenia
and other neurodegenerative conditions. Altered su-
peroxide dismutase (SOD) and increased lipid peroxi-
dation, measured by the thiobarbituric acid reactive
substances (TBARS/MDA), are increased in schizo-
phrenic patients [17]. Besides, MGF has the iron com-
plexing ability and can protect against Fe**-citrate in-
duced lipid peroxidation [3]. The neurotoxin 6-OHDA
is well-known to cause neuronal death by a free
radical-mediated mechanism as well as by inhibiting
the mitochondrial complex I and IV [18]. As MGF
has a wide spectrum of pharmacological activity in-
cluding antioxidant and anti-inflammatory activity
[26, 32] and accumulating evidence suggests that
MGEF is neuroprotective, the current study is aimed
to examine the cytoprotective role of MGF against
6-OHDA-induced neurotoxicity in cultured rat pri-
mary mesencephalic cells and its beneficial effects in
the mouse model of ketamine-induced schizhophrenia.

Materials and Methods

Animals

Male Swiss mice (7—8 weeks old, 20-25 g) and adult
male/female Wistar rats (4—5 months old) obtained
from the Central Animal House of Federal University
of Ceard, were used. They were housed in environ-
mentally controlled conditions (23 + 2°C, 12-h light-
dark cycle), with free access to standard diet (Purina
Chow) and water ad libitum. Rats were mated to ob-
tain rats on pregnancy and to collect embryonic mes-
encephalic cells, for in vitro studies. Mice were used
for in vivo experiments aimed to study the effects of
drugs in ketamine model of schizophrenia. The
experimental protocols were approved by the Animal
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Care and Use Committee of the Federal University of
Ceara in accordance with the ethical guidelines of the
International Association for the Study of Pain
(IASP).

Chemicals

Mangiferin (MGF) was extracted and isolated from
the bark of Mangifera indica L. (Anacardiaceae) as
per procedures reported earlier [10]. The isolated
MGF was approximately of 95% purity [4] having the
molecular weight (MW) 422.5 and melting point
(m.p.) 271°C. Minimum essential medium (MEM),
trypsin, MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide], cytochalasin-B, propid-
ium iodide (PI), ethidium bromide (EtBr) and fetal
bovine serum (FBS) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Acridine orange
(AO) was purchased from BDH Chemicals Ltd.,
Poole, England and ketamine from Sigma-Aldrich
(MO, USA). MGF was dissolved in 0.02% DMSO and
diluted with MEM immediately before use. Other
drugs were dissolved in physiological saline or dis-
tilled water. Drug concentrations were adjusted for in
vivo treatments to give a volume of 10 ml/kg. The
dose/concentration selection for MGF and 6-OHDA
or ketamine was based on our pilot studies or litera-
ture based [28, 37, 39].

Cell culture

Mesencephalic cell culture containing neuronal and
non-neuronal cells were obtained from mesencephali-
cum of Wistar rat embryos at 17-20 days of preg-
nancy [12]. Cells were cultured in MEM supple-
mented with FBS (10%), streptomycin (100 mg/ml),
penicillin (1,000 [U/ml), actinomycin C (2.5 mg/ml),
glucose (11 mM), glutamine (2 mM), and sodium bi-
carbonate (24 mM). Cultures were maintained at
37°C in humidified 5% CO, air atmosphere. Seven
days after plating, cultures were reutilized for experi-
mentation. Media were replaced every 2-3 days and
cells were subcultured when 80—90% confluent. Cells
were plated at a density of 5 x 10 cells per well using
96-well culture plates pre-coated with poly-lysine.
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Protective effect of MGF against cell death
induced by 6-OHDA

Mesencephalic cell culture plates having a cell den-
sity of 5 x 10" cells per well were pre-incubated with
MGF in concentrations of 10, 30, and 100 uM for
15 min, prior to addition of 6-OHDA (40 uM). Each
concentration of MGF was tested in six replicates and
repeated three times in separate experiments. Cell
viability after exposure to 6-OHDA or MGF (10, 30,
and 100 uM) alone, or in combination was deter-
mined in culture plates by MTT as described by Mos-
mann [36]. This method measures mitochondrial
activity based on the reductive cleavage of yellow
tetrazolium salt to a purple formazan compound by
the dehydrogenase activity of intact mitochondria.
Briefly, cells were washed once with PBS before the
addition of 0.1 ml of serum free medium containing
MTT (1 mg/ml) to each well. After incubation for 3 h,
the supernatant was removed and the formazan prod-
uct obtained was dissolved in 1 ml dimethyl sulfoxide
(DMSO) with stirring for 15 min on a microtiter plate
shaker and the absorbance was read at 550 nm. The
percentage of viable cells in each treatment group was
determined by comparing their respective absorbance
with that of control group.

In the analysis of MGF effect on apoptosis/necrosis
induced by 6-OHDA, cell culture plates were divided
into following groups: Group I, MGF 30 uM; Group
II, 6-OHDA 40 pM; Group III, MGF + 6-OHDA —
cell cultures of this group were treated with MGF
30 uM for 2 h followed by 6-OHDA 40 puM for 3 h.
The cells were then allowed to grow for 24 h. After
this time, the cells were pelletted and each sample
was mixed with 1 ul of aqueous acridine/ethidium
bromide (AO/EtBr) solution (100 pg/ml of each in
PBS) just prior to fluorescence microscopy analysis
and quantification (Olympus, Tokyo, Japan). Micro-
scopic analysis was carried out to provide the cyto-
morphological evidence for normal, apoptotic and ne-
crotic cells, differentiated by AO/EtBr staining, which
were expressed in % of total cells [34, 40]. At least
three hundred cells per sample were analyzed.

The measurement of nitrate/nitrite concentration as
an index of nitric oxide (NO) production in culture
plates exposed to cytotoxin 6-OHDA (with or without
MGF) was determined based on Griess reaction [19].
Briefly, 100 ul of supernatant obtained from each cul-
ture plate was incubated at room temperature for
10 min with 100 pl of Griess reagent [1% sulfanila-
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mide in 1% H3;P04/0.1% N-(1-naphthyl)-ethylenedi-
amine dihydrochloride/1% H;POy/distilled water,
1:1:1:1] or to 100 pl of NaNO; at concentrations rang-
ing from 0.75 to 100 pM (standard curve). For the
blanks, 100 pl of the Griess reagent was added to 100 pl
of the cell culture medium. The absorbance was
measured with a reader plate at 560 nm. The standard
curve was used for the determination of nitrite con-
centrations in samples and expressed in pM.

Ketamine-induced schizophrenia in mice

Schizophrenia was induced in Swiss male mice as de-
scribed by Liu et al. [28]. Mice were divided into four
groups (n = 810 animals/group), Group I served as
control and received DMSO (2% in distilled water) as
vehicle. Group II animals were treated with ketamine
(50 mg/kg, ip, twice a day for 7 consecutive days).
Group III animals were subjected to pretreatment with
MGF (50 mg/kg/day for 7 days, po, dissolved in vehi-
cle 2% DMSO) followed by ketamine injections (as
above). Group IV animals were treated with MGF
alone (as above). Thirty minutes following the respec-
tive treatments on day-7, the animals were first sub-
jected to open-field test to note the locomotor activity
and behavioral changes. Thereafter, the animals were
killed by cervical dislocation. Tissues from the whole
brain were immediately excised and homogenized in
Tris-HCI buffer 0.01 M (pH 7.4) to get 10% homo-
genates. These were then stored in a freezer at —70°C
until use for the analysis of IL-6 cytokine and to
measure the levels of lipid peroxidation.

Analysis of behavioral alterations in open-field
test

Thirty minutes following the last treatment on day-7,
the animals from respective groups were subjected
to open-field test. The open-field apparatus (30 x 30
x 20 cm) was made of acrylic with transparent walls
and black flooring divided into nine squares of equal
arca. After one minute of acclimatization, each animal
from respective treatment groups was evaluated over
a 5 min period for the following parameters: number
of squares crossed with all the four paws, number of
grooming and rearing, and the stereotyped behaviors
scored (0—06) according to Setler et al. [41] by a person
unaware of the animal treatments.

Analysis of cytokine IL-6 levels and lipid
peroxidation in brain tissue

IL-6 cytokine levels in whole brain tissue homogen-
ates (10%) were determined with the aid of enzyme
immunoassay kit (eBioscience — Mouse IL-6 Ready-
SET-Go! Elisa Kit with pre-coated plates). The assay
was performed according to manufacturer’s instruc-
tions and the cytokine levels were expressed as pg/ml.
Lipid peroxidation was measured in terms of malon-
dialdehyde (MDA) content following the thiobarbi-
turic acid method of Ohkawa et al. [38]. Thiobarbi-
turic acid reacts with MDA to form a pink chromo-
gen, which can be detected spectrophotometrically at
532 nm. In brief, aliquots (250 ul) of the homogenate
obtained previously were put into test tubes and
mixed with an equal volume of thiobarbituric acid
(1.2%). This mixture was brought to the water bath
for 30 min at a temperature ranging from 95 to 100°C
and then cooled to room temperature. The tubes were
then centrifuged at 3,000 x g for 10 min to precipitate
the protein. The absorbance of supernatants was
measured at 532 nm. The standard curve was obtained
by serial dilutions (1, 0.5, 0.25, 0.12, 0.06, 0.03 mM)
using a solution of MDA. The concentration of MDA
was expressed as nmol/g tissue.

Statistical analysis

Values were expressed as the means = SEM. The sig-
nificance of the differences between treatments and re-
spective controls was analyzed by one-way analysis of
variance (ANOVA), followed by the Newman- Keuls
multiple comparison test. A p value of 0.05 was con-
sidered statistically significant.

Results

Effect of MGF on cytotoxicity induced by
6-OHDA in cell culture

The various concentrations of MGF (10, 30 and
100 pM) did not have a significant impact on cell
viability when mesencephalic cells were treated with
it for 24 h (Fig. 2A). When cells were treated with
6-OHDA (40 uM), cell viability was markedly
reduced (p < 0.01), compared to vehicle-treated con-
trol. Incubation of cells with increasing concentra-
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Fig. 2. Protective effect of mangiferin (MGF) on 6-OHDA-induced
cytotoxicity in rat mesencephalic cells. (A) Cells were treated with
40 puM 6-OHDA for 24 h in the absence or presence of MGF (10, 30
and 100 pM) and cytotoxicity was analyzed by MTT assay. The
results are expressed as the mean + SEM of three independent
experiments. 2 p < 0.01 vs. normal control; ® p < 0.01 vs. 6-OHDA40
(uM). (B) MGF (30 pM) reduces apoptosis and necrosis (assessed
by acridine orange/ethidium bromide staining) in rat mesencephalic
cells promoted by 6-OHDA 40 (uM). 2 p < 0.01 vs. normal control;
®p < 0.01 vs. 6-OHDA 40 (uM) normal; © p < 0.01 vs. control apopto-
sis; 9 p < 0.01 vs. 6-OHDA 40 (uM) apoptosis. (C) MGF (10, 30 and
100 pM) decreases nitrite formation (analyzed by Griess reaction) in
rat mesencephalic cells exposed to 40 pM 6-OHDA for 24 h.
3p < 0.001 vs. normal control; ® p < 0.05 vs. 6-OHDA 40 (uM) (one-
way ANOVA followed by Student Newman Keul’s test)
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tions of MGF (10, 30 and 100 pM) before exposure to
40 uM 6-OHDA, a gradual and significant (p < 0.01)
increase in cell survival was observed at 30 and 100 uM,
compared to control group of cells exposed to 6-OHDA
alone. Maximum elevation in cell survival was appar-
ent at 100 uM MGF concentration.

Fluorescence microscopy analysis of apoptotic
cells

To assess the degree of protection by MGF against
6-OHDA-induced apoptosis and necrosis, micro-
scopic AO/EtBr dual staining was used. Cells were
differentiated into normal (live), apoptotic or necrotic
from the uptake of AO/EtBr stain. Normal (live) cells
were seen as bright green colored nuclei with intact
and uniform cell membrane. Apoptotic cells had or-
ange to red nuclei with condensed or fragmented
chromatin, whereas necrotic cells showed uniform or-
ange to red nuclei. As expected, 6-OHDA largely in-
duced apoptosis than necrosis (Fig. 2B). A significant
(p < 0.01) increase in apoptosis was observed in cells
treated with 6-OHDA (40 uM) alone for 24 h
(Fig. 2B). MGF (30 uM) alone treated cells showed
no significant differences in the counts of live, apop-
totic and necrotic cells when compared with vehicle-
treated control. On the other hand, incubation of cells
with MGF (30 pM) prior to 6-OHDA (40 uM) for
24 h showed a marked decrease (p < 0.01) in percent
apoptosis, when compared with 6-OHDA control.

Nitrite formation

To assess the cytoprotective effect of MGF against
6-OHDA-induced toxicity, the extent of nitrite forma-
tion was measured in rat mesencephalic cells super-
natant. Treatment of cells with 10-100 uM of MGF
alone did not alter the nitrite formation in these cells
when compared with normal control group, while
treatment of cells with 6-OHDA (40 uM) showed
a significant (p < 0.001) and marked increase in ni-
trite levels (Fig. 2C). This increase in nitrite levels by
6-OHDA was significantly (p < 0.05) reduced by
MGF (30 and 100 uM) pretreatment.

Effect of MGF treatment on ketamine induced
increase in IL-6 and MDA levels

Treatment of animals with ketamine (50 mg/kg, twice
a day, po, for 7 days) caused a significant increase
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(p <0.01) in the levels of IL-6 and MDA in brain tis-
sues of schizophrenic group of animals when com-
pared to normal control group. Pretreatment with
MGF (50 mg/kg/day, po, for 7 days) significantly (p <
0.05) reduced the ketamine associated elevation of
IL-6 and MDA levels (Fig. 3A and B).
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Fig. 3. Mangiferin (MGF) effects on brain tissue levels of cytokine IL-6
and MDA in normal and schizophrenic mice. Mice in groups (n =
8-10) were treated with vehicle (normal control; 2% DMSO in distilled
water, 10 mi/kg), MGF (50 mg/kg/day, po for 7 days) alone, ketamine
(50 mg/kg, ip, twice a day for 7 days) alone or the combination of
MGF + ketamine. After the end of 7-day treatment, all animals were
sacrificed and whole brain tissues were carefully dissected from
each animal and were homogenized to get 10% homogenates.
These homogenates were subjected to analysis of cytokine IL-6 (A)
and malonaldialdehyde (MDA) (B) levels. The data are expressed as
the mean + SEM of 8-10 animals. 2 p < 0.01 compared with vehicle-
treated control; ® p < 0.01 compared with ketamine (one-way ANOVA
followed by Student Newman Keul'’s test)

Effects of MGF treatment on changes
in locomotor activity and behaviors

The effects of treatments on behavioral changes in-
duced by ketamine are shown in Table 1. Neither
MGF nor ketamine treated groups of mice showed
a significant change in the number of invasions (en-
tries) in open-field area. Treatment with ketamine
caused a significant reduction (p < 0.01) in rearing be-
havior of animals and MGF was unable to reverse the
effect of ketamine. The group treated with ketamine
showed significant increase (p < 0.05) in the number
of grooming behavior, and the group pretreated with
MGEF reversed significantly (p < 0.05) this effect. The
scores for stereotyped behavior of animals were sig-
nificantly higher in all treated groups compared to
control (p <0.01). The group pretreated with MGF re-
ceived a significantly lowered levels of scores as
compared to ketamine alone (p < 0.05), but unable to
attain the levels seen in normal control.

Discussion

As expected, 6-OHDA inhibited cell viability in rat
primary mesencephalic cell cultures. 6-OHDA is as-
sumed to cause neuronal death by a free radical-
mediated mechanism as well as by inhibiting the mi-
tochondrial complex I and IV [18]. Our results show
that 6-OHDA induced largely the apoptosis rather
than necrosis, consistent with an earlier report [12].
MGF alone did not decrease the cell viability even
when these cells were exposed to 100 uM for 24 h, in-
dicating its non-toxic nature. Interestingly, when cells
were pre-treated with MGF before the application of

Tab. 1. Effect of mangiferin treatment on locomotor behavioral changes in ketamine-induced schizophrenia model mice™

Groups Mouse behaviors®

Entries Rearing Grooming Stereotyped
Control 61.17 + 4.05 23.25+6.34 37.00£4.72 1.00+0.00
Ketamine 50.71+ 4.86 2.63 +6.34 55.29 + 6.922 412 +0.29%
Ketamine + mangiferin 42.86+12.70 1.00+ 0.76° 37.00 + 6.16" 3.43+0.20°

*Mice were treated with mangiferin (50 mg/kg/day, po, in 2% DMSO, for 7 days) followed by ketamine injections (50 mg/kg, ip, twice a day for
7 days) and locomotor behaviors were observed 30 min after the last injection, in an open-field test. § Values are the mean + SEM from a group
of 8animals. 2p < 0.01 vs. vehicle-treated control; © p < 0.05 vs. ketamine alone. (one-way ANOVA followed by Student Newman Keul’s test)
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6-OHDA, an increase in cell viability was observed,
which was concentration-dependent and at 100 uM,
its protection against 6-OHDA-induced cell death was
almost total and equaled the normal control. MGF in-
hibited the apoptosis but showed no significant effect
on necrosis. These findings corroborate the earlier
studies that demonstrated the protective potential of
MGF and antioxidants in general, against 6-OHDA-
induced cytotoxicity in various cell lines and primary
cultures [37, 42, 46]. A role for NO in the mitochon-
dria-mediated apoptosis of dopaminergic neurons after
6-OHDA has recently been described [40]. We ob-
served a significantly (p < 0.05) attenuated apoptosis
and a decreased NO increase caused by 6-OHDA.
When mesencephalic cells rich in neuronal and non-
neuronal cells were exposed to 6-OHDA, we observed
a significant increase in NO associated with apoptosis,
suggesting that NO promotes cell death. However, in
mesencephalic cells preconditioned to MGF, NO pro-
duction as well as cell death was markedly reduced,
which indicates that MGF is cytoprotective.

The brain tissue is extremely sensitive to oxidative
damage and oxidative stress can damage neurons and
glial cells in a manner similar to other tissues via
products of lipid peroxidation that are neurotoxic.
Studies indicate that ketamine activates NADPH-
oxidase in brain and show that neuronal production of
interleukin-6 (IL-6) is necessary for ketamine-me-
diated activation of NADPH-oxidase in brain [7]. Re-
moval of IL-6 in neuronal cultures by anti-IL-6 block-
ing antibodies, or in vivo by use of IL-6-deficient
mice, prevented the increase in superoxide by keta-
mine and rescued the interneurons [7]. Our results de-
monstrate that oral administration of MGF (50 mg/kg)
for 7 days could modulate ketamine induced impaired
behaviors in particular, the grooming and stereotyped
behaviors as well as the oxidative damage as indi-
cated by increase in IL-6 level and lipid peroxidation
in brain tissues of ketamine-induced schizhophrenia
model mice. However, MGF was unable to reverse
the rearing behavioral effect of ketamine that is possi-
bly associated with strong sedation. MGF is a xan-
thone with various therapeutic activities including an
antioxidant. It has been proposed that the catechol
moiety with a 6,7-dihydroxylated structure, together
with its aromatic bonds, is responsible for its antioxi-
dant property [44]. MGF possibly acts as an effective
anti-oxidant, mainly on account of its catechol moiety
with a 6,7-dihydroxylated structure, which provides it
the ability to neutralize reactive oxygen species gen-
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erated. MGF also has been shown to inhibit mito-
chondrial lipid peroxidation induced by Fe*'-citrate
[3]. Thus, the observed significant reduction in IL-6
and the levels of lipid peroxidation product — malon-
dialdehyde, indicates that MGF enhances antioxidant
status, consistent with earlier reports that used other
experimental models [13, 31, 45].

Studies indicate that MGF being a non-polar poly-
phenol can penetrate the blood brain barrier and has
the potential to ameliorate the oxidative stress ob-
served in neurodegenerative disorders [29] and MGF
(20 mg/kg, po) has been proven to improve long-term
cholinergic memory deficits by acetylcholinesterase
(AChE) inhibition or cholinergic receptor stimulation
and inhibition of NF-«B activation in vivo [27].

Ketamine, the NMDA channel antagonist that im-
pairs the monoaminergic transmission is increasingly
used to model the cognitive deficits and symptoms of
schizophrenia [24]. To produce an animal model that
simulates psychotic symptoms analogous to those in
schizophrenic patients, subanesthetic doses of NMDA
antagonist ketamine is often used [15, 14]. In healthy
volunteers, ketamine induces transient cognitive dys-
function, perceptual aberrations and changes reminis-
cent of the negative symptoms of schizophrenia,
which relates to disorganized behavior, stereotyped
movements and cognitive dysfunction in the rodent
animal [20, 21]. Although how ketamine produces
these negative symptoms of schizophrenia is unclear,
investigational drugs that attenuate the effects of keta-
mine, may have therapeutic potential for treatment of
psychiatric illnesses such as schizophrenia. In this
study, an increased stereotyped activity and grooming
with a decreased rearing as compared to controls were
observed in mice treated subchronically with subanes-
thetic doses of ketamine (50 mg/kg, ip, twice a day for
7 days). In this context, studies in the past observed
a lower density of glutamatergic receptors in brains of
schizophrenic patients [31, 39] and a decreased gluta-
mate receptor binding in subchronically ketamine-
treated rat brains [5]. These findings justify the use of
this ketamine animal model to screen novel com-
pounds effective against schizophrenia [8]. Conse-
quent to NMDA blockade by ketamine, other neu-
ronal systems may get activated. For example, the de-
pressant effect seen on rearing could have been due to
sedation as ketamine has been shown to increase
adenosine [31]. Ketamine may influence dopamine
transmission [22]. Thus the observed changes in loco-
motor parameters might be a result of multiple me-
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chanisms. Nevertheless, mangiferin treatment over-
comes some of the behavioral signs such as grooming
and stereotyped activities in ketamine-induced
schizophrenia mice.

The experimental models used in this study have
some limitations such as the presence of neuronal and
non-neuronal cells in rat primary mesencephalic cell
cultures and the non-selectivity of ketamine to NMDA
receptors affecting respiratory chain function in multi-
ple brain regions including striatum, hippocampus and
prefrontal cortex, which makes difficult to elucidate the
precise protective mechanism of mangiferin. Neverthe-
less, mangiferin could counteract the oxidative stress
promoted by 6-OHDA in mesencephalic cells in vitro
and in ketamine-induced schizophrenia in vivo. Mangi-
ferin might serve as a lead compound in developing
drugs affective against schizophrenia and other neuro-
degenerative diseases.

To conclude, the present work indicated that man-
giferin prevents cell death induced by 6-OHDA in rat
primary mesencephalic cells, attenuates ketamine as-
sociated increase in cytokine IL-6 cytokine and ma-
londialdehyde formation in brain tissues, and amelio-
rates stereotyped movements, a characterstic of clinical
schizophrenia. These findings suggest that mangiferin
has a cytoprotective role, at least in part, related to its
anti-inflammatory, anti-apoptotic and anti-lipid per-
oxidative potential plausibly because of its free radi-
cal scavenging and iron chelating ability, which could
effectively reduce the oxidative stress.
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