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ABSTRACT

Background: Mangifera indica L.; the largest fruit-tree found in India, is
an important component of indigenous medical systems. Mangifera indica
L. leaves (MIL) have been reported to possess various biological activities
and thus, can be a useful source of substances for drug development.
Although the leaves have been traditionally used as antibacterial and
immunomodulatory agent, there is a paucity of scientific data in support
of their efficacy. The purpose of this study was an in-depth evaluation of
antimycobacterial and immunomodulatory activity of a standardized extract
of MIL. Material and Methods: The hexane extract of Mangifera indica L.
leaves (HEMIL) was prepared and standardized. Chromatographic char
acterization of HEMIL was done using validated HPLC and GC-MS/MS
technique. HEMIL was evaluated for antimycobacterial and immunomodu-
latory activity by using various in vitro and in vivo assays. Results and
Discussion: HEMIL showed lupeol and stigmasterol content of 21.04 +
0.03 mg/g and 16.99 + 0.04 mg/g, respectively; and total terpenoids con-
tent of 112.55 + 2.16 mg LE/g. GC-MS/MS characterization of the extract
confirmed the presence of lupeol and stigmasterol and revealed five other
phytochemical constituents. The safety of HEMIL was established in vitro

INTRODUCTION

Mangifera indica L. (Anacardiaceae, Mango); the largest fruit-tree found
in India,' is an important component of indigenous medical systems for
over 4000 years.” It has been the focus of attention of many researchers
searching for natural products as therapeutic agents.* Use of M. indica
leaves (MIL) as a medicinal agent is dated back to as early as 327 BC.*
The presence of some major groups of phytochemical constituents such
as saponins, anthraquinones, terpenoids, etc and therapeutically active
components such as mangiferin, stigmasterol, friedelin, lupeol, etc has
also been reported from MIL.® Although the leaves have been traditionally
used as antibacterial and immunomodulatory agent,®” there is a paucity
of scientific data in support of their efficacy.

Aqueous extracts of MIL showed significant impact on reproductive
functions, wound healing® and anti-diabetic activities.” Alcoholic ex-
tracts of MIL has been found to inhibit TNF-a and IL-1f expression' and
B-lactamase producing enteric bacterial growth.!® The extract has also
been reported to possess antioxidant, cytoprotective,’ analgesic, anti-in-
flammatory," larvicidal and pesticidal?activities. Petroleum ether extracts
of MIL demonstrated remarkable antiulcer?and antileishmanial activity."
An acetone extract of MIL has been found to have antibacterial activity."

These studies indicate that MIL possesses numerous pharmacological
properties. To date, no reports are available to provide empirical data for
their use as an antimycobacterial and as an immunomodulatory agent in
order to support their traditional claims. Therefore, keeping the above-
mentioned facts in mind, in the present study an in-depth evaluation of
antimycobacterial and immunomodulatory activity of MIL was carried
out using various in vitro and in vivo assays.

In a preliminary study, different extracts of MIL were prepared using
solvents of varying polarity and screened for antimycobacterial and
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and in vivo. HEMIL showed concentration-dependent inhibition of MTB as
evident in REMA and radiorespirometry. HEMIL was also found efficacious
in immunomodulatory evaluations using RAW 264.7 cells, human PBMCs,
cyclophosphamide induced myelosuppressed mice and SRBCs stimulated
mice. Conclusion: The promising results not only support the traditional
claim of MIL as antibacterial and immunomodulatory agent but also provide
data on their use in food supplements for immuno-pharmacological use.
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Safety, Efficacy.
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immunomodulatory potential. Based upon the promising pharmacolog-
ical effects shown by the hexane extract (inhibition of MTB growth and
stimulation of NO production in macrophages), it was standardized and
evaluated in detail for its antimycobacterial and immunomodulatory
activities using different experimental models. Furthermore, the biological
and chemical standardization of the hexane extract of M. indica leaves
(HEMIL) is reported here for the first time.

MATERIALS AND METHODS

Chemicals and reagents

Whatman filter paper (no. 1), Griess reagent, Alsever’s solution, MTT,
LPS, resazurin sodium salt, streptomycin, vernier calliper, cyclophospha-
mide, linalool, levamisole, and leflunomide were obtained from Sigma-
Aldrich Chemicals (St. Louis, USA). Nylon filter/fibre, hexane, glycerol,
DMSO, and NaNO, were obtained from Merck Specialities (Mumbai,
India). Different culture media from Himedia (Mumbai, India) and
Gibco Co. (Grand Island, USA); mouse anti-SRBC IgG/IgM ELISA Kkits
from Life Diagnostics, Inc. (West Chester, USA); standard pellet diet for
animals from Amrit Feeds Ltd. (Kolkata, India) and radioactive source
of carbon (1 uCi "C-acetate) from the BRIT (Mumbai, India) were used
in the study. Ultra-pure water was obtained using a Milli-Q purification
system (Millipore, USA).

Plant materials and extract preparation

MIL were collected from Varanasi (India) in the month of May and
authenticated by Agharkar Research Institute, Pune (Auth 11-198). The
leaves were shade dried for a week, kept in an oven preset at 40°C until
completely dry, powdered, sieved (mesh 85) and stored in an airtight
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container. The quality of MIL was evaluated in terms of physicochemical
and phytochemical parameters as per the previously reported methods.*
HEMIL was prepared by extracting an accurately weighed powdered
sample of MIL (one kilogram) with hexane (5000 mIx3) on a horizontal
shaker for six hour, standing overnight for 18 h, followed by extraction
using an ultrasonic bath for 30 min (at 40-60°C). The mixture was
filtered through Whatman filter paper no. 1 and the filtrate was evapo-
rated at 40°C under reduced pressure to obtain HEMIL.

Standardization of HEMIL

Standardization of HEMIL was carried out in terms of total terpenoids
content as previously described.'® Marker-based standardization of
HEMIL was carried out by determining the content of lupeol and stig-
masterol (Figure 1) using a validated HPLC method described earlier.””
Chromatographic characterization of HEMIL was also done using GC-
MS/MS technique as given in appendix-supplementary material.

Bacterial culture and cell line

All procedures were performed in a Biosafety Level III laboratory. RAW
264.7 cells were obtained from NCCS (Pune, India) and maintained in
RPMI medium with 10% FBS at 37°C and 5% CO,,. The laboratory strain
of MTB (H37Rv-ATCC 35838) was grown in Middlebrook 7H9 broth
supplemented with ADC and containing 0.05% glycerol at 37°C. Sterile
drug solutions and extracts were prepared in DMSO and diluted in the
respective media.

Evaluation of antimycobacterial activity using REMA

REMA was performed as described previously.”® Briefly, dilutions of
HEMIL (3.2-50 pg/ml) were prepared in Middlebrook 7H9 broth (100
ul each) and dispensed in sterile 96 well plates. Streptomycin was used as
a positive control. The inoculum containing 5x10* cells of MTB (100 pl)
was added to each well, the plate was covered, sealed with paraffin and
incubated at 37°C with 5% CO, for seven days. After addition of resazurin
solution (30 pl, 0.02 % in distilled water, w/v), the plate was incubated
for two more days. The MIC and selectivity index was determined as
previously described.'®" In addition, the total activity was calculated as the
ratio of the total mass (mg) of extract and MIC value (mg/ml) as previ-
ously described.”

Evaluation of antimycobacterial activity using
radiorespirometry

The inoculum containing 5x10* cells of MTB (100 pl) was transferred
into the radiorespirometry vial with 100 ul of **C-acetate (1 uCi). To this,
100 ul of HEMIL (6.3-25 ug/ml prepared in Middlebrook 7H9 broth)
was added. Streptomycin was used as a positive control. The assembly
was incubated at 37°C. Generation of '* CO, was determined daily with a
liquid scintillation analyzer (PerkinElmer, USA). The data was presented
as CPM for five days.”

Cell viability assay, NO production and myeloperoxidase
activity in RAW 264.7 cells

An MTT assay was used to study the effect of HEMIL on the viability of
RAW 264.7 cells and to determine the IC, value.’ The effect of HEMIL
and LPS on NO production in RAW 264.7 cells was studied using Griess
reagent as described previously.* NaNO, was used as a standard to cal-
culate the nitrite concentration in unknown samples. Myeloperoxidase
activity in RAW 264.7 cells was measured in terms of stimulation index
(ratio of absorbance of cells treated with HEMIL and control cells) as per
the previously reported method.?
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Proliferation in PBMCs

PBMC:s were separated from the blood sample of a healthy human donor
and suspended in RPMI medium with 10% FBS at 37°C and 5% CO,.
Proliferation in PBMCs by HEMIL and LPS was studied as described
previously.”

Animals, test samples and acute oral toxicity study

The CPCSEA guidelines were followed for the animal study and prior
permission was sought from IAEC (BT-130627-01/02). Female Swiss
Albino mice (body weight: 21.8 + 1.9 g) procured from Haftkine’s Institute
(Mumbai, India) were acclimatized in the animal house for one week
prior to the commencement of the study, fed standard pellet diet and
water was provided ad libitum. The test samples were premixed in 2%
DMSO and orally administered to the overnight fasted animals. Blood
samples were withdrawn under light ether anaesthesia from the retro-
orbital plexus. The safety of HEMIL (oral administration at 2000 mg/kg
body weight) was evaluated as per OECD test guidelines no. 420.*

Evaluation of immunomodulatory activity

The immunomodulatory activity of HEMIL was evaluated at low, mid and
high doses (100, 250 and 500 mg/kg body weight). Levamisole-25 mg/kg
body weight* and leflunomide-20 mg/kg body weight® were used as
positive controls.

Effect on cyclophosphamide induced myelosuppressed
mice (experiment 1)

Myelosuppression was induced by oral administration of cyclophospha-
mide in distilled water at 40 mg/kg body weight once daily for three con-
secutive days.”” The animals were randomly divided into seven groups
(six animals each), i.e. sham treated group I (administered with distilled
water), cyclophosphamide induced group II-III (administered with
distilled water and 2% DMSO respectively), group IV-VI (administered
with three different doses of HEMIL) and group VII (administered with
levamisole). The test samples were orally administered to the animals for
fourteen days. On day fifteen, blood samples were withdrawn and the
total blood count was evaluated. The animals were sacrificed by cervical
dislocation and relative organ weights for spleen, thymus, liver and kid-
ney were recorded.

Effect on SRBCs immunized mice (experiment 2)

SRBCs were obtained from fresh sheep blood as described previously.®
The animals were immunized by intraperitoneal administration of 0.2 ml
SRBCs (1x10° cells/ml) on day zero and day seven.?® The animals were
randomly divided into eight groups (six animals each), i.e. sham treated
group I (administered with distilled water); SRBCs immunized group
II-1IT (administered with distilled water and 2% DMSO respectively),
group IV-VI (administered with three different doses of HEMIL), group
VII-VIII (administered with levamisole and leflunomide respectively).
The test samples were orally administered to the animals for fourteen
days. On day fourteen, the thickness of right hind foot pad was measured
using a vernier calliper and the animals were challenged with 0.02 ml
of SRBCs (1x10° cells/ml) in the sub-plantar region. The increase in the
thickness of paw was measured on day fifteen and DTH response was
determined as described previously.>*

Blood samples were collected on day seven and fifteen (determination
of primary and secondary antibody titre) and serum was separated.
Estimation of antibody titres from serum was done using standard
hemagglutination test®? while serum IgG and IgM levels were deter-
mined using ELISA kits.” The animals were sacrificed on day fifteen by
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Table 1: Counts per minute (CPM) obtained for '*CO, released by MTB grown in the presence of HEMIL and streptomycin for five days during radiore-

spirometry
Concentration CPM on different days
Samples
(ng/ml) Day 1 Day 2 Day 3 Day 4 Day 5
Growth control -- 1037.3 + 44.05 2347.0 + 34.21 8353.3 £ 530.74 20369.7 £ 1169.50 52959.3 + 2389.41
. 1057.0 £ 52.97 1357.0 + 28.62¢ 1202.7 + 27.81°¢ 1135.7 + 19.78¢ 1115.3 + 42.35¢
Streptomycin 10
(0.00%) (42.18%) (85.60%) (94.42%) (97.89%)
s 1100.7 + 43.38 1370.0 + 63.17¢ 1918.3 + 72.57¢ 3060.7 + 358.59¢ 3784.7 + 80.90¢
’ (0.00%) (41.63%) (77.04%) (84.97%) (92.85%)
1017.7 £ 32.54 1377.0 + 21.79¢ 1738.3 + 112.24° 2590.3 + 129.38° 7561.0 + 33.50°
HEMIL 12.5
(0.00%) (41.33%) (79.19%) (87.28%) (85.72%)
. 1071.3 + 74.67 2269.0 + 31.56¢ 7418.3 + 73.20° 14402.0 + 628.24¢ 44411.7 + 350.85¢
(0.00%) (3.32%) (11.19%) (29.30%) (16.14%)

Data expressed as mean + SE, n=3. Data of streptomycin and HEMIL treatment is supported with their respective %growth inhibition value in the bracket. *P<0.05,

°P<0.01, °P<0.001 when compared with growth control.

Table 2: Effect of HEMIL at different concentrations on RAW 264.7 cells (NO production and myeloperoxidase activity) and

PBMCs
Samples Concentration NO production Myeloperoxidase activity PBMCs proliferation
(ng/mL) (Nitrite content in uM) (Stimulation index) (% cell viability)
Control 0.450 £ 0.0045 1.000 = 0.0000 100.00 + 0.000
LPS 7.035 £ 0.1065¢ 1.808 £ 0.0254¢ 118.70 £ 1.667*
(15.63 fold) (80.80%) (18.70%)
0.853 £ 0.0236¢ 1.034 + 0.0100 103.00 + 0.909
(1.90 fold) (3.40%) (3.00%)
TR 1.043 £ 0.0274¢ 1.111 + 0.0022° 108.11 + 0.849¢
(2.32 fold) (11.07%) (8.11%)
1.424 £+ 0.0093¢ 1.245 + 0.0226¢ 117.76 + 1.038¢
(3.16 fold) (24.47%) (17.76%)

Data expressed as mean * SE, n=3. Data of LPS and HEMIL treatment is supported with their respective fold increase or %stimulation

value in the bracket. *P<0.05, ®P<0.01, °P<0.001 when compared with control.

Table 3: Effect of HEMIL at different doses on the number of leucocytes, neutrophil cells, haemoglobin and relative weight of the organs of
cyclophosphamide induced myelosuppressed mice

Number of Relative organ weight
Neutrophil cells Haemoglobin .
Groups leucocytes (%) (o/dl) (9/25 g body weight)
(thousand cells/pl) Spleen Thymus
I (Normal control) 9.370 £ 0.1259 43.0 £ 1.03 15.49 + 0.083 0.137 £ 0.0016 0.015 + 0.0009
II (Cyclophosphamide control) 3.216 £ 0.0771* 24.5 £ 0.43* 9.24 £ 0.226* 0.030 + 0.0013* 0.003 + 0.0002*
) 3.275 £ 0.0348 25.0 £ 0.82 9.28 £ 0.093 0.025 + 0.0007 0.003 + 0.0004
III (Vehicle control)
(0.95%) (2.70%) (0.64%) (0.86 fold) (0.98 fold)
IV (HEMIL 100 mg/kg 4.943 + 0.0784¢ 26.0 £ 0.86 9.74 + 0.073 0.062 £ 0.0016¢ 0.010 + 0.0008°
body weight) (28.06%) (8.11%) (7.97%) (2.10 fold) (3.53 fold)
V (HEMIL 250 mg/kg 5.698 £ 0.0782¢ 31.2 £ 0.65° 11.15 + 0.085¢ 0.140 £ 0.0030¢ 0.024 + 0.0007¢
body weight) (40.33%) (36.04%) (30.59%) (4.72 fold) (8.44 fold)
VI (HEMIL 500 mg/kg 6.214 £ 0.0319¢ 36.5 £ 0.76° 12.89 + 0.086¢ 0.194 £ 0.0027¢ 0.032 + 0.0008¢
body weight) (48.71%) (64.86%) (58.40%) (6.55 fold) (11.00 fold)
VII (Levamisole 25 mg/kg 8.786 £ 0.1802° 41.5 +0.76° 15.31 + 0.063¢ 0.239 £ 0.0086° 0.075 + 0.0040¢
body weight) (90.50%) (91.89%) (97.07%) (8.06 fold) (25.94 fold)

Data expressed as mean + SE, n=6. Data of group III-VII is supported with their respective fold increase or %protection value in the bracket. *P<0.001
when compared with group I; *P<0.05, "P<0.01, °P<0.001 when compared with group IL
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Table 4: Effect of HEMIL at different doses on humoral and cell mediated response in SRBCs immunized mice

Change in Hemagglutination

paw titre (log, of Serum Serum Number of
Groups thickness the titre value) IgM level 1gG level PFCs/10°
(%) Primary Secondary Lot Lttt el
I (Normal control) 1.6 £0.15 0.0 £ 0.00 0.0 £ 0.00 10.7 £0.77 155.0 £ 1.94 29.3 £3.60
II (SRBCs control) 8.4+ 0.59* 4.0 £ 0.00* 5.5+0.22* 140.8 + 2.69* 1133.6 + 28.58% 280.7 £ 9.35*
11 (Vehicle control) 8.1 £0.37 4.0 £ 0.00 57%0.21 138.0 £5.21 1137.9 £ 33.13 279.2+£7.70
(0.96 fold) (0.00%) (3.03%) (-2.12%) (0.44%) (-0.61%)
IV (HEMIL 100 11.3+£0.23 5.5+ 0.34* 6.7 +0.21* 149.4 + 1.01 1241.1 + 8.79° 323.8 £ 2.50°¢
mg/kg body weight) (1.35 fold) (37.50%) (21.21%) (6.62%) (10.98%) (17.16%)
V (HEMIL 250 25.4 +0.48¢ 7.7 £0.21¢ 7.7 £0.21¢ 154.3 + 0.84¢ 1320.4 £ 2.71°¢ 356.0 £ 5.14¢
mg/kg body weight) (3.02 fold) (91.67%) (39.39%) (10.40%) (19.09%) (29.95%)
VI (HEMIL 500 43.8 £ 0.30¢ 8.7 £0.21¢ 9.0 £ 0.26¢ 162.1 £ 2.27¢ 1390.5 + 9.04¢ 424.7 + 5.32¢
mg/kg body weight) (5.21 fold) (116.67%) (63.64%) (16.35%) (26.25%) (57.27%)
VII (Levamisole 25 108.0 + 4.02¢ 9.3+0.21°¢ 9.8+0.17¢ 210.7 £2.25¢ 1346.7 + 17.34¢ 665.7 £ 4.33¢
mg/kg body weight) (12.86 fold) (133.33%) (78.79%) (53.75%) (21.77%) (153.13%)
VIII (Leflunomide 20 -38.3 £ 1.05° 2.3+0.21° 3.3+0.21°¢ 122.8 + 1.42°¢ 861.9 £ 24.56° 141.5 + 3.02°¢
mg/kg body weight) (-4.56 fold) (-41.67%) (-39.39%) (-13.81%) (-27.77%) (-55.37%)

Data expressed as mean + SE, n=6. Data of group III-VIII is supported with their respective fold increase or % stimulation value in the
bracket.*P<0.001 when compared with group I; *P<0.05, ®P<0.01, P<0.001 when compared with group II.

fwititH

Figure 1: Structure of lupeol (1) and stigmasterol (2).
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Figure 2: Effect of HEMIL on neutrophil adhesion in mice. Group details: | (Normal control), Il (Vehicle control), lll-V (HEMIL 100, 250 and 500 mg/kg body weight,
respectively), VI (Levamisole 25 mg/kg body weight), VII (Leflunomide 20 mg/kg body weight). Data expressed as Mean + SE, n = 6.2P< 0.05, °P<0.01, P<0.001
when compared with group I.
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cervical dislocation. The spleen from each animal was removed and sin-
gle cell suspensions were prepared in the RPMI-1640 medium. The num-
ber of PFCs/10° spleen cells was determined as previously described.*

Effect on neutrophil adhesion (experiment 3)

The animals were randomly divided into seven groups (six animals each),
i.e. group I-II (administered with distilled water and 2% DMSO respec-
tively), group III-V (administered with three different doses of HEMIL)
and group VI-VII (administered with levamisole and leflunomide
respectively). The test samples were orally administered to the animals for
fourteen days. On day fifteen, blood samples were withdrawn to evaluate
neutrophil index and neutrophil adhesion as per the method reported.?

Statistical analysis

GraphPad Prism 5 software version 5.03 (GraphPad Software Inc.,
California, USA) was used to statistically evaluate the results. Data were
analyzed using one-way ANOVA and Tukey’s test. A value of P<0.05 was
considered to be statistically significant.

RESULTS AND DISCUSSION

Standardized HEMIL

Quality control parameters for MIL were established (appendix-supple-
mentary material) and HEMIL was prepared. The extraction yield for
HEMIL was found to be 2.58 + 0.07%. Amongst the total terpenoids
present (112.55 + 2.16 mg LE/g of dry extract) in HEMIL, the content
of lupeol and stigmasterol were found to be 21.04 + 0.03 and 16.99 *
0.04 mg/g respectively. Using GC-MS/MS technique, five other phyto-
chemical constituents namely pentadecanal; hexadecanoic acid, methyl
ester; 16-heptadecenal; squalene and lupenyl acetate were also detected
in HEMIL.

Establishment of safety profile of HEMIL in RAW 264.7
cells and mice

The IC_ value of HEMIL for RAW 264.7 cells using MTT assay was
found to be similar to streptomycin. In this assay, the concentration of
HEMIL showing percent cell viability greater than 85% (2.5-10 pg/ml)
were opted for subsequent in vitro studies. The safety of HEMIL was also
established in mice using acute oral toxicity study wherein its oral
administration at 2000 mg/kg body weight did not cause any toxicological
effects or mortality as compared with the control animals (appendix-
supplementary material). Thus, HEMIL can be considered to have a wide
margin of safety for oral use in mice.

HEMIL as an antimycobacterial agent

In REMA, the MIC value of HEMIL and streptomycin were 12.5 and
3.2 pg/ml, respectively. The selectivity index of HEMIL and streptomycin
was found to be more than 10, indicating their potential antimycobacterial
effect.’” HEMIL showed a total activity of 2088 ml/g which indicates that
the hexane extract derived from one gram of MIL can be diluted to approxi-
mately 2.1 1 of the solvent and still inhibit the growth of MTB. In radio-
respirometry assay, at lower concentrations of HEMIL, the inhibition of
MTB growth observed was comparable to streptomycin (nearly 40%)
until day two. However, from day three onwards, there was an increase
in the CPM. On comparison with the CPM of growth control, signifi-
cant inhibition of MTB growth was observed at each concentration of
HEMIL (P<0.001). At the highest concentration, there was an increase
in the growth of MTB (Table 1). The reason for this increase has not been
established.

The hexane extract of plants from South Africa,"” India,* Mozambique*
and America® have been screened for their antimycobacterial activity.
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The MIC value of HEMIL was found to be lower than those previously
reported from the hexane extract of other plants. Terpenoids and other
phytochemical constituents including squalene, B-sitosterol, oleanolic
acid, ursolic acid, farnesol, methylic ester of hexadecanoic acid, etc have
been reported for their inhibitory activity against MTB.** Therefore, the
effect shown by HEMIL may be attributed to the terpenoids present in it.
These findings need to be confirmed in MDR strains of MTB along with
the evaluation of MTB inhibition within macrophages.

HEMIL as an immunomodulatory agent

Incubation of PBMCs with HEMIL for 72 h showed a significant increase
(P<0.001) in their proliferative response at 5 and 10 ug/ml concentra-
tions (Table 2). At the 10 pg/ml concentration, HEMIL showed 17.76%
stimulation of PBMCs compared to the control and this increase was
comparable to the reference compound LPS (18.70% stimulation). This
clearly suggests that the extract is non-toxic to the human immune cells
and modulates the cellular immune response.? Similar results have been
published from the crude extracts, flavonoids and terpenoids of Cuscuta
campestris®* and flavonoids of Phyllanthus niruri.?

In addition, HEMIL stimulated the NO production in RAW 264.7 cells
in a concentration-dependent manner (Table 2). At 10 pg/ml concen-
tration, HEMIL significantly increased the NO production (3.16 fold)
compared to the untreated control (P<0.001), although this value was
not comparable to NO stimulated by the potent macrophage activator
LPS (15.62 fold). HEMIL showed a similar effect on myeloperoxidase
activity in macrophages (Table 2). Similar results have been reported for
polysaccharides isolated from Ganoderma lucidum® and the ethanolic
extract of Capparis mooni.*> This effect of HEMIL on macrophages
suggests its possible role in killing the microbes by inducing the innate
immunity against them and significantly increasing the phagocytic
activity of the macrophages.?!

In the present study, a significant reduction in the number of leucocytes,
haemoglobin content, percent neutrophils and the relative weight of
spleen and thymus (P<0.001, Table 3) was observed in myelosuppressed
mice as reported previously.”** Oral administration of HEMIL signifi-
cantly increased (P<0.001) the above-mentioned parameters in dose-
dependent manner and the response to the treatment was found to be
similar to that observed with levamisole (Table 3). The effect of HEMIL
on the relative weight of spleen and thymus may be correlated to its
stimulatory effect on the lymphocytes and hematopoietic cells of bone
marrow, which ultimately home in the thymus or spleen.*® However, this
may be temporary and in due course of time normalcy may ensue.
Similar immune boosting and immune restorative effects have been
reported from the aqueous methanolic extract of Loranthus micranthus,”
ethanolic extract of Moringa oleifera® and carnosine”” to overcome the
toxic effects of cyclophosphamide (in mice). Stimulation of the hemato-
poietic system by HEMIL suggests that it is a rich source of phytochemi-
cal constituents which can induce the non-specific immunity of granu-
locytes, macrophages, natural killer cells and complement functions.*

The DTH response of HEMIL is represented as percentage difference in
Table 4. Treatment of SRBCS immunized mice with HEMIL for four-
teen days at three different doses produced 11.3% to 43.8% increase in
DTH response. The effect was significant (P<0.001) at mid and high
doses. Levamisole produced 108.0% increase and leflunomide showed
decrease in DTH response by 38.3% (P<0.001, Table 4). The data suggests
that HEMIL stimulates T-cells, macrophages, monocytes, neutrophils
etc, which may result in an enhanced DTH response and increased infil-
tration of macrophages to the inflammatory site.”® In a similar manner,
HEMIL produced a significant (P<0.001) and dose-dependent increase
in the circulating primary and secondary antibodies which lead to
enhanced hemagglutination titre compared to the control (Table 4).
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APPENDIX - SUPPLEMEN

1. Quality control data on MIL

TARY MATERIAL

Physicochemical and preliminary phytochemical analysis of MIL

Parameters

Results (%Mean + SD, n=3)

Foreign matter
Loss on drying
Moisture content (%)
Total
Ash content Acid insoluble
Water soluble
Ethanol soluble
Water soluble

Ether soluble

Extractive value

Fats and waxes

0.218 + 0.0035
12.172 £ 0.0560
11.759 + 0.0559
14.155 £ 0.0923
4.236 + 0.0355
1.146 £ 0.0177
7.451 + 0.0432
21.660 + 0.2138
3.728 £ 0.0258
2.360 + 0.0392

Terpenoids and phenolics

Alkaloids

Phytochemical fractions

Quaternary alkaloids and n-oxides

Fibers

5.223 £ 0.0720
0.094 + 0.0015
13.258 + 0.2402
66.327 +1.0711

Heavy metal analysis of MIL using ICP-OES technique

Content of the heavy metals (ug/g)

Details
Lead Arsenic Cadmium Mercury
Permissible limits as per
WHO/AYUSH 10 10 03 !
Detec.tlon limit of the 1.0 1.0 025 0.5
instrument
Heavy metal content in MIL 8.77 £ 0.041 Not detected Not detected Not detected

Values are %Mean + SD, n=3.

Chromatographic fingerprint of MIL

Sample preparation: The plant powder (2 g) was extracted with ethanol
(20 mL), vortex mixed for a minute and sonicated for 20 min followed
by filtration through Whatman filter paper (no. 1). The filtrate was used
for the development of chromatographic fingerprint using HPTLC and
HPLC.

Chromatographic conditions (HPTLC): The HPTLC system used con-
sisted of TLC Scanner 4 (CAMAG, Muttenz, Switzerland) supported by
winCATS software version 1.4.7 equipped with Linomat 5 sample spot-
ter (CAMAG, Muttenz, Switzerland) and Reprostar 3 system (CAMAG,
Muttenz, Switzerland) for photo-documentation. Chromatographic
separation of the phytochemical constituents was achieved on HPTLC
plates (Merck, Darmstadt, Germany) pre-coated with silica gel 60 F254
(0.2 mm thickness) on aluminium sheet support. The sample (10 pL)
was applied to the plate as 8 mm band and at a distance of 15 mm from
the edges. One of the walls of twin trough chamber (CAMAG, Muttenz,
Switzerland) was lined with Whatman filter paper (no. 1) and the mo-
bile phase (toluene: chloroform: ethyl acetate: glacial acetic acid, 10: 2:
1: 0.03, v/v/v/v) was poured on the same side, in order to soak the filter
paper completely with the mobile phase. The chamber was tilted at 45°
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to distribute the mobile phase equally on the both sides and allowed to
saturate for 15 min. The plate was then developed up to a distance of 85
mm. After development, the plate was dried in a current of air at room
temperature, derivatized using 10% methanolic sulphuric acid and dried
in an oven preset at 110°C for 10 min. For densitometric scanning, the
source of radiation was a mercury lamp (366 nm). All the measurements
were performed at 22 + 1°C. Plate was photo-documented at 254 nm
(before derivatization), 366 nm (before and after derivatization) and 550
nm (before and after derivatization).

Chromatographic conditions (HPLC): Chromatographic analysis was
performed using HPLC system (Jasco, Easton, USA) comprising of two
PU-1580 pumps (HG-1580-31), rheodyne injector (20 pL loop) and
photo diode array detector (MD-1510). Chromatograms were recorded
by means of Jasco-Borwin chromatography software version 1.50. Sepa-
ration was achieved on C18-column (150 x 4.6 mm, 5 pm, Cosmosil,
Nacalai Tesque, USA) using mobile phase acetonitrile: ethanol (40: 60,
v/v) delivered at a flow rate of 1 mL/min. After 30 min of equilibration
period, the samples were injected into HPLC system. Peaks were record-
ed at 205 nm.
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HPTLC plate photo of MIL under different wavelengths and plate development conditions

At 254 nm before At 366 nm before AtS550 nm before At 366 nm affer AtS50) nm after

derivati ation Deerivatization

Derivatization

derivatization derivatization

RP-HPLC chromatograms as fingerprints of the plant samples at 205
nm
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20205

20805
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2. Standardization of HEMIL

HPLC analysis of HEMIL

Sample preparation: HEMIL (40 mg) was dissolved in ethanol (10 mL)
by vortex mixing, filtered through nylon micro filter paper (0.45 pm) and
the filtrate was subjected to HPLC analysis.

Chromatographic conditions: Chromatographic analysis was per-
formed using HPLC system (Jasco, Easton, USA) comprising of two PU-
1580 pumps (HG-1580-31), rheodyne injector (20 uL loop) and photo
diode array detector (MD-1510). Chromatograms were recorded by
means of Jasco-Borwin chromatography software version 1.50. Separa-
tion was achieved on C,-column (150 x 4.6 mm, 5 pm, Cosmosil, Na-
calai Tesque, USA) using mobile phase acetonitrile: ethanol (40: 60, v/v)
delivered at a flow rate of 1 mL/min. After 30 min of equilibration pe-
riod, the samples were injected into HPLC system. Peaks were recorded
at 205 nm.

w0 000 200 WE0 il

GC-MS/MS analysis of HEMIL:

Sample preparation: HEMIL (100 mg) was dissolved in ethanol (10 mL)
by vortex mixing, filtered through nylon micro filter paper (0.45 um) and
the filtrate was subjected to GC-MS/MS analysis.

Chromatographic conditions: The analysis was performed using Agi-
lent 7890A/7000 GC-MS/MS system. Separation was achieved using a
DB5-MS capillary column (15 m x 0.25 mm, 0.25 um). Helium was used
as a carrier gas with a flow rate of 1.2 mL/min. Sample (2 uL) was in-
jected in splitless mode. GC temperature program was 120°C for 1 min,
ramped to 200°C at 10°C/min and finally to 300°C at 4°C/min. The GC
injector temperature was 300°C; the transfer line temperature was held at
280°C. The mass spectrometer parameters for EI mode were as follows:
ion source temperature: 280 °C; electron energy: 70 eV; filament cur-
rent: 34.6 pA; electron multiplier voltage: 1300 V; mass analyser: triple
quadrupole; mass detector: photomultiplier tube. The total run time was
42 min. The spectra were analyzed in scan mode and the mass range

HPLC chromatograms of standards (A) and HEMIL (B) showing lupeol (1) and stigmasterol (2)

A~

—

—
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was m/z 40-500 amu. Compounds were identified in terms of Rt values 3, Data on acute toxicity study of HEMIL
and mass spectra with those obtained from authentic samples / certified
reference material/the NIST library.

GC chromatogram of HEMIL

x10 8" [*EITIC Scan MISC.14.16.010537.0

w
S
..

38012

o 24713
o5 “17.285

3 I e, |1

A 5 & 7 § 8 10 11 12 5 1s 15 16 17 18 o 20 21 22 2> 24 25 26 27 2a 29 S0 33 92 O3 o4 35 06 97 08 99 40 41 42 43 44
Counts vs. Acqulsition Time (min)

GCMS-MS CHROMATOGRAM OF SAMPLE (C)

Phytochemical constituents detected using GC-MS/MS analysis in HEMIL

High intensity peaks

Name of the compound R, Molecular weight Molecular formula observed at m/z
Pentadecanal 17.255 226 C.H,0 41, 57,69, 82, 96
Hexadecanoicacid, methyl 20059 270 C._H,0 43,55, 87, 143,227
ester L e
16-heptadecenal 22.692 252 C.H,,0 43,57, 68, 82, 96
Squalene 34.713 410 C,,H,0 41, 69, 81, 95, 121, 137
Stigmasterol 38.912 412 C,H,0 41, 55, 69, 83, 95, 133, 255
Lupeol 40.867 426 C,H, 0 43, 55,68, 81,95, 109
Lupenyl acetate 41.794 468 C,,H,,0, 43, 55, 69, 81, 95, 121, 189

Daily body weight record of the animals from group | (normal control) showing the percent mean difference between consecutive days

Animal Body weight (g) on different days
ho. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean
(n=5) 20.9 214 21.5 21.6 21.8 21.6 21.6 21.5 21.7 22.0 224 223 22.5 22.8 232
SE 0.33 0.33 0.32 0.24 0.25 0.37 0.29 0.32 0.46 0.42 0.37 0.41 0.42 0.34 0.37
% Mean

. - 2.39 0.47 0.47 0.93 -0.92 0.00 -0.46 0.93 1.38 1.82 -0.45 0.90 1.33 1.75
difference

Daily body weight record of the animals from group Il (vehicle control) showing the percent mean difference between consecutive days

Animal Body weight (g) on different days
(oS 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mean
(n=5) 20.7 20.8 21.2 21.0 21.2 21.5 21.8 21.8 22.3 22.2 22.3 22.7 22.9 23.1 23.5
SE 0.49 0.56 0.49 0.42 0.34 0.39 0.37 0.41 0.41 0.34 0.44 0.34 0.37 0.43 0.42
% Mean

. 0.48 1.92 -0.94 0.95 1.42 1.40 0.00 2.29 -0.45 0.45 1.79 0.88 0.87 1.73
difference
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Daily body weight record of the animals from group Ill (administered with the standardized HEMIL at 2000 mg/kg body weight) showing the per-
cent mean difference between consecutive days

Animal Body weight (g) on different days
no. 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Mean
(n=5) 19.8 19.9 20.0 19.9 20.2 20.3 20.6 20.9 21.0 21.1 21.2 21.1 214 21.6 22.1
SE 0.46 0.43 0.47 0.46 0.34 0.51 0.37 0.29 0.22 0.37 0.54 0.70 0.89 0.81 0.80
0y
o Mean - 051 050 -050 151 050 148 146 048 048 047  -047 142 093 231
difference
Daily food intake record of the animals from group I-1ll showing the percent difference between consecutive days
Different days
Group Parameters
1 2 3 4 5 6 7 8 9 10 1 12 13 14
: Food intake (g)* 24.5 25 26 25 26 25 26 25 26 27 26 25.5 26.5 26
% Difference -- 2.04 4.00 -3.85 4.00 -3.85 4.00 -3.85 4.00 3.85 -3.70 -1.92 3.92 -1.89
II Food intake (g)* 23 23.5 23 24 24 24 25 25.5 25 25.5 26 26 27 27.5
% Difference -- 2.17 -2.13 4.35 0.00 0.00 4.17 2.00 -1.96 2.00 1.96 0.00 3.85 1.85
- Food intake (g)* 26 26 26.5 27 27 27.5 26.5 26 25 26 26.5 26 26.5 26
% Difference -- 0.00 1.92 1.89 0.00 1.85 -3.64 -1.89 -3.85 4.00 1.92 -1.89 1.92 -1.89
Daily water intake record of the animals from group I-1ll showing the percent difference between consecutive days
Different days
Group Parameters
2 3 4 5 6 7 8 9 10 1 12 13 14
Water intake 35 35 36.5 35 36 35 36 365 355 355 36 36.5 37 375
I (mL)
% Difference -- 0.00 4.29 -4.11 2.86 -2.78 2.86 1.39 -2.74 0.00 1.41 1.39 1.37 1.35
Water intake 40 385 38 38 395 40 405 40 395 41 415 405 41 )
II (mL)
% Difference -- -3.75 -1.30 0.00 3.95 1.27 1.25 -1.23 -1.25 3.80 1.22 -2.41 1.23 2.44
Waterintake 50 o 5 37 37 385 38 39 39 385 39 40 41 4 415
111 (mL)
% Difference - 4.11 -2.63 0.00 4.05 -1.30 2.63 0.00 -1.28 1.30 2.56 2.50 0.00 1.22

Group I: Normal control, group II: Vehicle control, group III: Administered with the standardized HEMIL at 2000 mg/kg body weight. *As animals of respective
groups were kept in separate cages, record of food intake was cumulative for all the animals (n=5) of respective group.

Data on mortality record, mortality latency and cage side observation during acute oral toxicity study of HEMIL for fourteen days

. . Symptoms of
*
Groups Sample details D/T Mortality latency toxicity**
1 | . ith distill No toxic
I Normal control administered with distilled water 0/5 -- symptoms
during the
I Vehicle control administered with 2% DMSO 0/5 -- observation
eriod
III Administered with the standardized HEMIL at 2000 mg/kg body weight 0/5 = P

D/T = Dead/treated mice. *Time to death (in h) after oral administration. **Changes in skin and fur, teeth, eyes and mucous membrane (nasal) and also autonomic
changes (salivation, lacrimation, perspiration, piloerection, urinary volume, breathing abnormalities, abdominal distension and defecation) and alterations to the
central nervous system (ptosis, drowsiness, gait, tremors and convulsion).
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Similar observations have been reported in the previously published
studies.” This suggests that HEMIL markedly augments the antibody
response to SRBCs in mice? which in turn supports its effect on cytokines
and cytokine producing cells like macrophages, T-and B-cells which are
an essential part of the humoral immunity.® The mid and high doses
of HEMIL significantly increased the serum IgG and IgM levels compared
to the SRBCs control (P<0.001, Table 4). This supports the ability of
HEMIL to stimulate the B-cells in response to the SRBCs antigen and
improve the primary humoral immune response.* Similar results have
been reported for the polysaccharide from Angelica sinensis® and aqueous
extract of Gynostemma pentaphyllum.”’ Augmentation of the humoral
response to SRBCs was also evident from the significantly increased
(P<0.001) number of PFCs in the spleen of mice (Table 4) which can be
correlated to the number of B-cells producing SRBC-specific IgM or
antigen presenting cells.”” Comparable data were reported for a polyherbal
combination Trikatu® and an aqueous extract of Glycyrrhiza glabra in
combination with Zinc.”® The trend shown by levamisole and leflunomide
on hemagglutination titre, serum immunoglobulin and number of PFCs
was found to be similar to the one observed in DTH response.

The effect of HEMIL on neutrophil activation in mice is shown in Figure 2.
The mid and high dose of HEMIL significantly increased (P<0.001) the
neutrophil adhesion as compared to the control. A similar trend was
observed with levamisole treatment. On the contrary, leflunomide signi-
ficantly decreased (P<0.05) the neutrophil adhesion. Similar observations
on neutrophil adhesion were reported for the gum polysaccharide of
Terminalia bellerica.”® The significant increase in the neutrophil adhesion
by HEMIL correlates the process of margination of cells in blood vessels
and the number of macrophages reaching the site of inflammation.”
Thus, HEMIL may regulate the synthesis of p2 integrins and secrete the
cytokines for stimulation of neutrophils which results in their increased
adhesion to nylon fibres.?**

CONCLUSION

This study validates the potential use of HEMIL in pharmacological
applications. Although, it is not possible to single out the most effective
constituent of the plant, the findings of this study indicate that terpenoids
may play the most significant role in the elucidation of these activities.
Further, bioactivity-guided fractionation, isolation, pharmacological and
pharmacodynamic studies should be conducted to find lead compound(s)
and determine the mechanisms underlying its therapeutic effect.
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ABBREVIATIONS USED

ADC: Albumin-Dextrose Complex; ATCC: American Type Culture
Collection; B-Cells: B-lymphocytes; BRIT: Board of Radiation and
Isotope Technology; CPCSEA: Committee for the Purpose of Control
and Supervision of Experiments on Animals; CPM: Counts Per Min-
ute; DTH: Delayed Type Hypersensitivity; FBS: Foetal bovine serum;
H37Rv: Virulent strain of MTB; IAEC: Institutional Animal Fthics
Committee; IgG: Immunoglobulin G; IgM: Immunoglobulin M; IL-1f:
Interleukin-1{; LE: Linalool Equivalent; LPS: Lipopolysaccharide; MTB:
Mycobacterium tuberculosis; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-
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diphenyltetrazolium bromide; m/z ratio: mass to charge ratio; MDR:
Multi Drug Resistant; NCCS: National Centre for Cell Science; NO:
Nitric Oxide; PBMCs: Peripheral Blood Mononuclear Cells; PBS: Phos-
phate Buffered Saline; PFCs: Plaque Forming Cells; RAW 264.7 cells:
Macrophage cell line; REMA: Resazurin Microtitre Assay; RPMI:
Roswell Park Memorial Institute (a medium used during in vitro studies);
SRBCs: Sheep Red Blood Corpuscles; T-cells: T-lymphocytes; TNF-a:
Tumour Necrosis Factor-a.

REFERENCES

1. Jiang, You X-Y, Fu K-L, Yin W-L. Effects of extract from Mangifera indica leaf on
monosodium urate crystal-induced gouty arthritis in rats. Evid Based Comple-
ment Alternat Med. 2012;Article ID 967573: 1-6.

2. Neelapu N, Muvvala S, Patil MB, Lakshmi BVS. Anti-ulcer activity and HPTLC
analysis of Mangifera indica L. leaves. International Journal of Pharmaceutical
and Phytopharmacological Research. 2012;1(4):146-55.

3. Ling LT, Yap S-A, Radhakrishnan AK, Subramaniam T, Cheng HM, Palanisamy
UD. Standardised Mangifera indica extract is an ideal antioxidant. Food Chem.
2009;113(4):1154-9.

4. Awobajo FO, Olatunji-Bello II, Ogbewey LI. Reproductive impact of aqueous
leaf extract of Mangifera indica (Mango) on some reproductive functions in female
Sprague-Dawley rats. Biol Med. 2013;5:58-64.

5. Anjaneyulu V, Radhika P The terpenoids and steroids from Mangifera indica
Linn. Indian Journal of Chemistry. 2000;39B(12):883-93.

6. Shah KA, Patel MB, Patel RJ, Parmar PK. Mangifera indica (Mango). Pharmacogn
Rev. 2010;4(7):42-8.

7. Sharma PC, Yelne MB, Dennis TJ. Database on Medicinal plants used in Ayurveda.
Volume II. New Delhi: Central Council for Research in Ayurveda and Siddha;
2001.

8. Nuevo JUM, Bernardino ERK. The effect of Mangifera indica (Mango) leaf crude
extract in the wound of healing properties of Rattus norvegicus (Sprague
Dawley). Fatima University Research Journal. 2012;5(1):188-92.

9. Morsi RMY, El:-Tahan NR, El-Hadad AMA. Effect of aqueous extract Man-
gifera indica leaves as functional foods. Journal of Applied Sciences Research.
2010;6(6):712-21.

10. Ahmad |, Aqil F In vitro efficacy of bioactive extracts of 15 medicinal plants
against ESbl-producing multidrug-resistant enteric bacteria. Microbiol Res.
2007;162(3):264-75.

11. Hassan MM, Khan SA, Shaikat AH, Hossain ME, Hoque MA, Ullah MH.
Analgesic and anti-inflammatory effects of ethanol extracted leaves of selected
medicinal plants in animal model. Vet World. 2013;6(2):68-71.

12. Udaya PNK, Bhuvaneswari S, Divyasri D, Kurien NA, Uma R, Arokiyaraj S. Studies
on the phytochemistry and bioactivity of leaves of few common trees in Chennai,
Tamil Nadu, India. Int J Pharm Pharm Sci. 2013;5(3):88-91.

13. Haldar N, Basu S, Bhattacharya S, Pandey JN, Biswas M. Antileishmanial activity
of Mangifera indica leaf extracts on the in vitro growth of Leishmania donovani
promastigotes. Elixir Pharmacy. 2012;46: 8189-91.

14. Doughari JH, Manzara S. In vitro antibacterial activity of crude leaf extracts of
Mangifera indica Linn. Afr J Microbiol Res. 2008;2(4):67-72.

15. Mukherjee PK. Quality control of herbal drugs-an approach to evaluation of
botanicals. New Delhi: Business Horizons Publishers; 2007

16. Ghorai N, Chakraborty S, Gucchait S, Saha SK, Biswas S. Estimation of total
terpenoids concentration in plant tissues using a monoterpene, Linalool as
standard reagent. Protoc Exch. 2012.

17 Shailajan S, Menon S, Sayed N, Tiwari B. Simultaneous estimation of three
triterpenoids from Carissa carandas using validated high performance liquid
chromatography. International Journal of Green Pharmacy. 2012;6(3):241-47.

18. Gupta PK, Kulkarni S, Rajan R. Inhibition of intracellular survival of multi drug
resistant clinical isolates of Mycobacterium tuberculosis in macrophages by
curcumin. The Open Antimicrobial Agents Journal. 2013;4(1):1-5.

19. Masoko P Nxumalo KM. Validation of antimycobacterial plants used by tradi-
tional healers in three districts of the Limpopo province (South Africa). Evid
Based Complement Alternat Med. 2013; Article ID 586247: 1-7.

20. Chakraborty P Kulkarni S, Rajan R, Sainis K. Drug resistant clinical isolates of
Mycobacterium tuberculosis from different genotypes exhibit differential host
responses in THP-1 cells. PLoS One. 2013;8(5):662966.

21. Shi M, Yang Y, Hu X, Zhang Z. Effect of ultrasonic extraction conditions on
antioxidative and immunomodulatory activities of a Ganoderma lucidum poly-
saccharide originated from fermented soybean curd residue. Food Chem.
2014;155:50-6.

22. Kanase VG, Jain BB, Yadav P Evaluation of in vitro immunomodulatory activity
of aqueous and ethanolic extract of Capparis mooni. Int J Pharma Bio Sci.
2013;4(2):344-52.

23. Jose J, Sudhakaran S, Sumesh KTM, Jayaraman S, Variyar J. Study of In vitro
Immunomodulatory effect of flavonoid isolated from Phyllanthus nirurion human

Pharmacognosy Communications, Vol 6, Issue 3, Jul-Sep, 2016



SHAILAJAN et al.: Pharmacological effects of Mangifera indica L. leaves

24.

25.

26.

27.

28.

29.

30.

31

32.

blood lymphocytes and evaluation of its antioxidant potential. International
Journal of Pharmacognosy and Phytochemical Research. 2014,6(2): 284-9.
Organization for Economic Cooperation and Development. Guidelines for Testing
of Chemicals. No. 420. Acute Oral Toxicity-Fixed Dose Procedure, Paris; 2001, 13.
Osadebe PO, Omeje EO. Comparative acute toxicities and immunomodulatory
potentials of five Nigeria Mistletoes. J Ethnopharmacol. 2009;126(2):287-93.
Ringshausen |, Oelsner M, Bogner C, Peschel C, Decker T. The immunomod-
ulatory drug leflunomide inhibits cell cycle progression of B-cells. Leukemia.
2008;22(3):635-8.

Xu M, He R-R, Zhai Y-J, Abe K, Kurihara H. Effects of carnosine on cyclo-
phosphamide-induced hematopoietic suppression in mice. Am J Chin Med.
2014;42(1):131-42.

Balekar N, Ghule S, Dixit P Jain DK, Tandan V. Immunopotentiating properties of
ethanolic extract of Malvastrum tricuspidatum A. Gray whole plant. Indian J Nat
Prod Resour. 2013;4(1):54-60.

Yang J, Chen B, Gu Y. Pharmacological evaluation of tea polysaccharides with
antioxidant activity in gastric cancer mice. Carbohydr Polym. 2012;90(2):943-7.
Mazumder PM, Pattnayak S, Parvani H, Sasmal D, Rathinavelusamy P, Evaluation
of immunomodulatory activity of Glycyrhiza glabra L. roots in combination with
zing. Asian Pac J Trop Biomed. 2012;2(1):S15-20.

Singh R, Hussain S, Verma R, Sharma P Anti-mycobacterial screening of five
Indian medicinal plants and partial purification of active extracts of Cassia
sophera and Urtica dioica. Asian Pac J Trop Med. 2013;6(5):366-71.

Luo X, Pires D, Ainsac JA, Graciac BN, Mulhovo S, Duarte A. Antimycobac-
terial evaluation and preliminary phytochemical investigation of selected

PICTORIAL ABSTRACT

4 . RPHPLCPDA

MangiferaindicaL. leves (MIL)

ity in MTB H37Rv

«

activityin RAW
2647 cells, PBVICs andSwiss albino mice

Standardized extract of
Mangfra indicaL.leaves (EMIL)

33.

34.

35.

36.

37

38.

39.

medicinal plants traditionally used
2011;137(1):114-20.

Leitao SG, Castro O, Fonseca EN, Juliao LS, Tavares ES, Leo RRT. Screening of
Central and South American plant extracts for antimycobacterial activity by the
Alamar Blue test. Brazilian Journal of Pharmacognosy. 2006;16(1):6-11.
Jimenez-Arellanes A, Luna-Herrera J, Cornejo-Garrido J, Lopez-Garcia S, Castro-
Mussot ME, Meckes-Fischer M. Ursolic and oleanolic acids as antimicrobial and
immunomodulatory compounds for tuberculosis treatment. BMC Complement
Altern Med. 2013;13(1):258.

Etedali B Behbahani M, Rahiminejad RM, Rad SJ. Effect of crude extracts and
fractions of Cuscuta campestris and two different hosts on peripheral blood
mononuclear cells and HIV replication. Int J Biosci. 2014;4(9):83-9.

Gupta A, Gautam MK, Singh RK, Kumar MV, Rao CV, Goel RK. Immunomodu-
latory effect of Moringa oleifera Lam. extract on cyclophosphamide induced
toxicity in mice. Indian J Exp Biol. 2010;48(11):1157-60.

Huang W-C, Kuo M-L, Yang R-C, Liou C-J, Shen, J-J. The extract of Gynostemna
pentaphyllum enhanced the production of antibodies and cytokines in mice.
Yakugaku Zasshi. 2007;125(5):889-96.

Murunikkara V, Rasool MK. Trikatu, an herbal compound as immunomodulatory
and anti-inflammatory agent in the treatment of rheumatoid arthritis-An experi-
mental study. Cell Immunol. 2014;287(1):62-8.

Das B, Dash S, Choudhury RC, Chakraborty J. Synergistic immunostimulatory
activity of Terminalia bellerica gum polysaccharide with levamisole. World Journal
of Pharmacy and Pharmaceutical Sciences. 2014;3(8):1367-84.

in Mozambique. J Ethnopharmacol.

SUMMARY

* Mangifera indica |leaves have been standardized using spectroscopic/
chromatographic techniques and their antimycobacterial and immuno-
modulatory activities have been evaluated.

® Results support their traditional claim and provide data on their use in
food supplements.
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