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Abstract The role of immunomodulation in the thera-
peutic treatment of visceral leishmaniasis has gained emi-
nence in view of moderate to severe drawbacks of the
currently available drugs like toxicity, drug resistance and
prohibitive costs. The potential for modulation of the
immune system of many herbal plants can be tapped to
address these problems. We conducted the present research
study to investigate the antileishmanial and immunomod-
ulatory effects of Ocimum sanctum Linn. and Cocos
nucifera Linn. during the progression of visceral leishma-
niasis in BALB/c mouse model. The ICs, values of the
ethanolic leaf extract of O. sanctum and that of the aqueous
husk-fibre extract of C. nucifera against the sodium sti-
bogluconate (SSG) susceptible strain (MHOM/IN/80/Dd8)
were found to be 73.3 and 62 pg/ml respectively. On
treatment of infected BALB/c mice with the extracts, we
observed a reduction in hepatic parasite load by 43.63 %
(0. sanctum), 65.42 % (C. nucifera) and 75.61 % (O.
sanctum + C. nucifera) at 1st post treatment day (p.t.d.),
while at 15th p.t.d., the reduction was 73.61 % (O. sanc-
tum), 76.59 % (C. nucifera) and 94.12 % (O. sanc-
tum + C. nucifera). This was accompanied by an up-
scaling of the DTH response, skewing of the humoral
response towards Thl type and hepatoprotection in the
form of normalization of liver function tests. Overall,
administration of the extracts of these two plants in com-
bination as compared to their administration alone rescued
the affected mice from the disease greatly, which can be
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attributed to their antileishmanial and immunomodulatory
activities.
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Introduction

Leishmaniases are a group of diseases caused by Leish-
mania parasites and are recognized as a major health
problem. Leishmania spp. persist as intracellular parasites
in the vertebrate hosts, while they exist as free-living
forms in the intestine of the invertebrate host i.e., sand fly
(E1-On et al. 2009). Four types of clinical manifestations
of this disease spectrum are mainly widespread around the
world - visceral leishmaniasis (VL), cutaneous leishma-
niasis (CL), mucocutaneous leishmaniasis (MCL) and
post kala azar dermal leishmaniasis (PKDL) (Sen and
Chatterjee 2011).

Visceral leishmaniasis is responsible for an estimated
20,000-40,000 deaths and 200,000—400,000 cases globally
per year, with more than 9 out of 10 cases occurring in
India, Bangladesh, Sudan, South Sudan, Ethiopia and
Brazil (Alvar et al. 2012). It also causes a loss of over 2
million DALYs (disability-adjusted life years) (Mathers
et al. 2007).

Leishmania parasites are known to disable the anti-
pathogen activity of the macrophages for their survival
inside the host by preventing the formation of phagolyso-
somes, antigen presentation to T-cells, and suppression of
the cell-mediated immunity. To outwit these moves adopted
by the parasites, therapeutic approaches should be able to
confer restoration of the signaling between the macrophages
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and T-cells, in addition to the activation of the Thl arm of
cell-mediated immunity so that the macrophages can elimi-
nate intracellular amastigotes (Chouhan et al. 2014). This
parasite-driven down regulation of the immune system can
be reversed by means of immunomodulation, which means
stimulation or modulation of any component of the immune
system by some substance—biological or synthetic in nature
(Sharma and Singh 2009), besides treatment with the
antileishmanial drugs.

The conventional drugs used for the treatment for
leishmaniasis have a long list of drawbacks. So, an
imperative need for the development of novel, effective,
and safer drugs for the treatment of VL on a priority basis
has been stressed upon (Mondal et al. 2014). There exists a
rich local ethno-botanical bibliography describing the use
of Indian medicinal plants in various disease conditions
like bronchial asthma, chronic fever, cold, diabetes, diar-
rhea, arthritis, cough, malaria, dysentery, convulsions, skin
diseases, insect bites, gastric, hepatic, cardiovascular and
immunological disorders etc. (Chopra et al. 1956). Over
one hundred plants reportedly exhibit leishmanicidal
activity, and this number is increasing steadily (Atta-ur-
Rahman et al. 2008).

About 80 % of the patients in India, 85 % in Burma and
90 % in Bangladesh are treated by the health practitioners
using traditional system of medicine (Prakash and Gupta
2005). The immense chemical diversity and range of the
bioactivity of the medicinal plant parts have led to the
development of hundreds of pharmaceuticals. Extracts
derived from such plants offer novel possibilities to obtain
new compounds that might show activity against Leish-
mania parasites in vitro and in vivo. The current study,
therefore, was focused on searching for new alternatives to
treat leishmaniasis using components from the medicinal
plants and their derivatives, employing BALB/c mouse as
the animal model.

Materials and methods
Parasite strain and its culture

Leishmania donovani promastigotes of strain MHOM/IN/
80/Dd8 (originally obtained from the London School of
Hygiene and Tropical Medicine, London, were maintained
in vitro at 22 4 1 °C by serial cultures after every 48—72 h
in Novy, McNeal & Nicolle (NNN) medium, supplemented
with Eagle’s Minimum Essential Medium (MEM; pH 7.2)
(Rao et al. 1984) and in RPMI-1640 medium (pH 7.2)
containing 7-10 % Fetal Calf Serum (FCS; complete
medium) (Raina and Kaur 2012). Both the culture media
contained antibiotics streptomycin (200 units/ml), benzyl
penicillin (40 pg/ml) and gentamycin (40 pg/ml).

Plant materials and preparation of their extracts
Plants

O. sanctum Linn. (Tulsi; Holy Basil) whole plant was
collected from different areas of Chandigarh and from the
Botanical Garden of Panjab University, Chandigarh. It was
identified and authenticated by the Department of Botany,
Panjab University, Chandigarh vide voucher no. 5044.
Ripe fruit of C. nucifera Linn. (coconut) was procured
locally from Chandigarh and was identified and authenti-
cated by the Department of Botany, Punjabi University,
Patiala vide voucher no. 187.

Preparation of the extracts

Leaves of O. sanctum were used for the extraction
employing ethanol as the extraction solvent (Soxhlet 1879).
Briefly, leaves were plucked from the fresh plants, washed,
weighed, dried in the shade and ground in a mixer to make
a fine powder. Extraction was carried out by consistent
heating of the powder in ethanol at 70 °C. The extract,
obtained thus, was evaporated to dryness using a Rota-
Evaporator and stored at —4 °C till further use.

Husk fiber of the fruit of C. nucifera was used for the
extraction employing distilled water as extraction solvent
(Mendonga-Filho et al. 2004). Briefly, husk fiber of fruit
was peeled-off and dried in sunlight to evaporate any
moisture and then finely ground. The powder was boiled in
distilled water and the resulting crude aqueous extract was
first filtered by a coarse filter paper and then by Whatman
Filter paper No. 1. The crude extract was concentrated and
dried using a lyophillizer. Thereafter, the dried powder was
scrapped from the vials, weighed and stored at —4 °C till
further use.

Sodium stibogluconate (SSG)

SSG was purchased from M/s. Wellcome Research Labo-
ratories, United Kingdom. Pellets of SSG were crushed and
ground to fine powder followed by its dissolution in PBS in
a water bath at 72 °C to make a concentration of 1 mg/ml.
SSG was injected at a dose of 40 mg/kg b wt intraperi-
toneally into the infected mice for 5 days following Sodhi
et al. (1992).

Dose response curve of the extracts

A total of 2 x 10° parasites per ml of early stationary
phase L. donovani promastigotes in RPMI-1640 complete
medium supplemented with 10 % FCS were dispensed into
24-well culture plates. Stock solution of the extracts was
prepared in DMSO solution (one part DMSO in seven parts

@ Springer



78

J Parasit Dis (Jan-Mar 2017) 41(1):76-85

ethanol) and PBS in the ratio of 1:9, which was further
diluted with RPMI-1640, to make various concentrations
(5, 10, 20, 40, 60, 80 and 100 pg/ml) of extracts. The
culture medium was supplemented with the extracts of the
selected plant parts in triplicate series. Negative control
cultures were supplemented with an equal volume of the
normal saline. Parasite cultures were further incubated at
22 £ 1 °C and then their number was counted after 48 h
by trypan blue dye exclusion method using Neubauer’s
Chamber. The percentage growth inhibition was calculated
as follows:

Percentage growth inhibition

No. of viable cells in treated well

=100 — x 100]

No. of viable cells in untreated well

ICsy was obtained by plotting a linear dose-response
curve of various concentrations (5-100 pg/ml) of the
extract used.

Experimental animals and their infection

Inbred BALB/c mice of either sex, 5-6 weeks old,
weighing 20-25 g were procured from the Institute of
Microbial Technology, Chandigarh. They were kept in the
experimental wing of the Central Animal House, Panjab
University and fed with water and mouse feed, ad libitum.
Mice were infected intravenously with 1 x 107 stationary
phase promastigotes of L. donovani.

Treatment of infected mice

Treatment of infected BALB/c mice with the plant extracts
prepared from O. sanctum and C. nucifera was begun
30 days after infection. The standard drug sodium sti-
bogluconate (SSG) was also used for the treatment of one
group of infected mice as a reference drug. The plant
extracts were dissolved in the Standard Suspension Vehicle
(SSV; 500 mg carboxy methyl cellulose, 500 pl benzyl
alcohol, 400 pl Tween-80 in 100 ml of 0.9 % aqueous
sodium chloride).

Preparation of the required doses of extracts
and their administration

Ethanolic extract of O. sanctum and aqueous extract of C.
nucifera was dissolved in the Standard Suspension Vehicle
to get a required dose of 500 mg/kg b wt, each. Both the
extracts were administered through the oral route daily for
a period of 7 days.
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Groups of experimental animals

Mice were divided into nine groups, namely (1) uninfected
mice, (2) infected mice (3) infected mice treated with SSG
(4) infected mice treated with the extract of O. sanctum (5)
infected mice treated with the extract of C. nucifera (6)
infected mice treated with a combination of extracts of O.
sanctum and C. nucifera (7) uninfected mice treated with
the extract of O. sanctum (8) uninfected mice treated with
the extract of C. nucifera ix) uninfected mice treated with
the extracts of both O. sanctum and C. nucifera. All groups
comprised of six mice each.

Assessment of delayed type hypersensitivity (DTH)
response in mice

Assessment of DTH responses was done following the
method of Kaur et al. (2008). Briefly, all the groups of mice
were challenged in their right and left foot pads with a
subcutaneous injection of leishmanin (prepared in PBS)
and PBS alone, respectively, 48 h before the actual sacri-
fice. Prior to sacrificing mice, the thickness of foot pads
was measured with a Vernier calliper. Results were
expressed as mean £ SD of percentage increase in the
thickness of the right foot pad as compared to the left
footpad.

Assessment of infection in the liver of mice

Liver of mice sacrificed on 1st and 15th post treatment days
(p.t.d.) was removed and weighed immediately. A section
of the liver was cut and rinsed with MEM to wash-off the
blood; impression smears were made on clean grease-free
slides from the surface of the cut ends, and subsequently
stained with Giemsa after air-drying. A total of 100 cells
were observed in each slide under 100X objective using
immersion oil and amastigotes in them were counted.
Parasite load was assessed in terms of Leishman—-Donovan
Units (LDU) (Bradley and Kirkley 1977) and calculated as
follows:

No. of amastigotes

LDU = x weight of organ (mg).

No. of liver cell nuclei

Collection of serum

Blood was collected from all the mice after anaesthetiza-
tion (conforming to the approved Institutional Animal
Ethics Committee guidelines) on different post infection or
post treatment days and serum was isolated from it for
performing ELISA and various biochemical tests.
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ELISA for parasite-specific IgG1 and IgG2a isotypes

Levels of the parasite-specific antibodies IgG1 (Th2-specific)
and IgG2a (Th1-specific) were assessed by Enzyme Linked
Immunosorbent Assay (ELISA) as per Kaur et al. (2008).
Briefly, crude antigen was prepared by subjecting the log
phase promastigotes to six cycles of freeze—thawing, followed
by centrifugation at 10,000 r.p.m. at 4 °C. The supernatant
from this centrifugate was collected, and its protein concen-
tration was estimated by the method of Lowry et al. (1951). It
was subsequently used for coating 96-well ELISA micro-
plates. Thereafter, serum samples from various animal groups
were added at two-fold serial dilution, followed by the addi-
tion of isotype specific HRP-conjugated secondary antibodies
(rabbit anti-mouse IgG1 or IgG2a), H,O, (substrate) and
diaminobenzidene (chromogen) in succession. The absor-
bance was read on an ELISA plate reader at 450 nm.

Preparation of the soluble Leishmania antigen (SLA)

Log phase promastigotes from NNN medium were subjected
to 6 cycles of freeze-thaw after washing thrice with PBS (pH
7.2). The solid debris was removed by centrifugation at
10,000 rpm for 15 min at4 °C, and the protein content of the
antigen was estimated by the method of Lowry et al. (1951).
The supernatant was stored at —20 °C till further use.

Liver function tests

Liver function tests (LFTs) were performed by estimating
the activity of serum glutamate oxaloacetate transaminase
(SGOT), serum glutamate pyruvate transaminase (SGPT)
alkaline phosphatase (ALP) and bilirubin using commer-
cial kits (M/s. Reckon Diagnostics Pvt. Ltd, Vadodara) as
per manufacturer’s instructions.

Renal function tests

Renal function tests (RFTs) were performed by estimating
the concentrations of blood urea and serum creatinine using
commercial kits (M/s. Reckon Diagnostics Pvt. Ltd,
Vadodara) as per manufacturer’s instructions.

Ethical clearance

The ethical clearance for conducting the animal experi-
ments was obtained from the Institutional Animal Ethics
Committee, Panjab University, Chandigarh.

Statistical analysis

All the results were statistically tested by unpaired Student
t-test.

Results
IC5, value

ICso value of ethanolic extract from O. sanctum against
promastigotes of Leishmania donovani was found to be
73.3 pg/ml and that of aqueous extract from C. nucifera
was found to be 62 pg/ml (Fig. 1).

Hepatic parasite load

Parasite load in terms of Leishman Donovan Units (LDU)
in the liver of L. donovani infected BALB/c mice after 1
and 15 p.t.d. significantly decreased (p < 0.0001) in all the
groups of treated mice having infection in comparison to
the untreated infected mice. The reduction in parasite load
followed the trend O. sanctum > C. nucifera > O. sanc-
tum + C. nucifera. The combination of the extracts of O.
sanctum and C. nucifera was more effective than even SSG
in significantly (p < 0.0001) reducing hepatic parasite load
in infected mice (Fig. 2).

IgG1 and IgG2a antibody responses

The levels of IgG1 and IgG2a antibody isotypes indicate a
bias towards the non-protective Th2 and the healing Thl
responses, respectively. In the present study, the IgGl
levels were significantly lowered (p < 0.0001) in all the
groups of the treated infected mice in comparison to
untreated infected mice at 1 and 15 p.t.d., for which the

100 —e— Cocos nucifera
9) { =& Ocimum sanctum
80 -

Percentage inhibition

0 —r—r—r—r—r—r— T

0 10 20 30 40 50 60 70 80 90 100 110

Concentration (ng/ml)
Fig. 1 Dose response curve of the ethanolic leaf extract of Ocimum

sanctum and aqueous husk fiber extract of Cocos nucifera against
in vitro culture of the promastigotes of L. donovani
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Fig. 2 Parasite load in various groups of BALB/c mice. Results are
expressed as Mean £ SD of 6 mice. p value: Infected v/s
Infected 4+ SSG/Infected + O. sanctum/Infected + C. nucifera/ln-
fected + O. sanctum + C. nucifera. *p < 0.0001. p value: Infec-
ted + O. sanctum v/s Infected + C. nucifera #p < 0.0001.
p value:Infected + O. sanctum/Infected + C. nucifera v/s Infec-
ted + O. sanctum + C. nucifera. SBp < 0.0001. p value: Infec-
ted + SSG v/s Infected + O. sanctum/Infected + C. nuciferal
Infected + O. sanctum + C. nucifera ¥p < 0.0001

effect followed the trend C. nucifera < O. sanctum < C.
nucifera + O. sanctum. The combination of extracts was
the most effective in lowering IgG1 response even when
compared to SSG-treated mice. The IgG2a levels signifi-
cantly increased (p < 0.0001) in all groups of treated
infected mice in comparison to the untreated infected mice
at 1 and 15 p.t.d. Rise in the IgG levels followed the trend
C. nucifera + O. sanctum > O. sanctum > C. nucifera.
The administration of combination of both extracts
increased the IgG2a levels by the highest margin in the
infected mice than in the mice that were treated by O.
sanctum or C. nucifera, alone even when compared with
SSG for the same effect (Fig. 3).

Delayed type hypersensitivity (DTH) responses

DTH responses were heightened significantly (p < 0.0001)
in all groups of treated infected mice in comparison to
untreated infected mice at 1 and 15 p.t.d. It followed the
trend C. nucifera + O. sanctum > C. nucifera > O. sanc-
tum. The combination of both the extracts was more
effective in significantly (p < 0.0001) increasing DTH
responses in infected mice even more than that in mice
treated with SSG on 1 and 15 p.t.d respectively (Fig. 4).
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Liver function tests

In comparison to the infected mice, in which SGOT, SGPT
and ALP activity was above normal range, all the groups of
mice treated with plant extracts exhibited markedly sig-
nificant (p < 0.0001) restoration of the activity of these
enzymes to within the normal range (in the unininfected
mice) at 1 and 15 p.t.d. It was seen in all the cases that
treatment with the combination of extracts of O. sanctum
and C. nucifera was more efficient at restoring the normal
activity of these enzymes than either of the two plant
extracts alone. The bilirubin concentration that shot up to
the above normal values in the infected mice was also
restored to within the normal range both on 1 and 15 p.t.d.
as a result of the treatment with the plant extracts. The
effects followed the same trend as in case of the liver
enzymes tested i.e., the combination of the two extracts
showed the best effect (Fig. 5).

Renal function tests

In the uninfected mice, infected-only mice and infected
mice treated with the plant extracts, concentration of blood
urea and serum creatinine was found to be within the
normal range i.e., within 10-45 mg/dl and 0.85-1.35 mg/dl
respectively, both on 1 and 15 p.t.d.

Discussion

The current therapeutic options for leishmaniasis have
majorly become outdated because of many downsides like
intrinsic variation in drug sensitivity of the seventeen
Leishmania species known to infect humans, acquired
resistance to the pentavalent drugs in active endemic
regions, decreased efficacy in immunosuppressed patients;
especially in patients with HIV co-infection, besides other
serious problems like cardiotoxicity, pancreatitis, hepato-
toxicity, nephrotoxicity, requirement of long periods of
hospitilization etc. (Croft et al. 2006).

Ocimum sanctum (Tulsi) has endless biological appli-
cations namely, its documented use as an anti-bacterial,
anti-viral, anti-allergic, cardioprotective, hepatoprotective,
nephroptotective, anti-diabetic and immunomodulator
(Pattanayak et al. 2010). The therapeutic applications of C.
nucifera include its usage as anti-viral (Esquenazi et al.
2002), hepatoprotective (Loki and Rajamohan 2003), anti-
oxidant, anti-bacterial (Oyi et al. 2010), cardioprotective,
anti-protozoal and as an immunomodulator (DebMandal
and Mandal 2011).

Therefore in the present study, the antileishmanial and
the immunomodulatory potential of O. sanctum and C.
nucifera were assessed. After the determination of IC50
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Fig. 3 Antibody levels in a
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concentration of the prepared extracts in vitro, their
antileishmanial and immunomodulator effects were probed
in terms of percentage reduction in the parasite load in
liver, increased DTH response, increased levels of Thl
immune response specific IgG2a antibody, and normal-
ization of hepatic parameters.

The extracts of O. sanctum and C. nucifera alone and in
combination caused a significant decline in the parasite
load in all infected but untreated mice after treatment as
compared to the infected-only mice. A remarkably good
reduction was seen in the infected mice treated with the
combination of both O. sanctum and C. nucifera extracts.
The reduction was even more than the infected mice
treated with SSG.

In the humoral immune responses, diminished levels of
IgG1 and elevated levels of IgG2a point towards the
establishment of a protective immune response, also called
as Thl type response (Sharma and Singh 2009). We
observed a significant decrease in the levels of IgGl
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antibody and an increase in the levels of IgG2a antibody in
all the groups of treated infected mice in comparison to the
infected controls. A significant fall in the IgG1 levels and a
rise in the IgG2a levels in the group of infected mice
treated with the extract of O. sanctum alone were in line
with the earlier studies on immunomodulatory potential of
O. sanctum on the Swiss albino mice immunized with the
sheep red blood cells (SRBCs) and subsequently treated
with the various doses of the alcoholic extract for 2 weeks.
This treatment brought about a significant rise in the anti-
body titre as compared to the aqueous extract at a same
dose (Vaghasiya et al. 2010). A significant fall in the IgG1
levels and a concomitant rise in the IgG2a levels in the
group of infected mice treated with the extracts of C.
nucifera alone in comparison to the infected controls were
in corroboration with an earlier study on C. nucifera by
Costa et al. (2010), wherein the authors found the butanolic
extract from the husk fibre raising the circulating antibody
levels on 14 and 21 days after the SRBC boost. Many other

@ Springer



o0
[ 8]

J Parasit Dis (Jan-Mar 2017) 41(1):76-85

—
=3
S

Normal

@ Infected Controls

B Infected + SSG

& Infected + O. sanctum

# Infected + C. nucifera

Infected + O. sanctum + C. nucifera

=3
S

®
=

40

30

20

Percentage Increase in Footpad Thickness
=
=

10

Post Treatment Days

Fig. 4 DTH responses in various groups of BALB/c mice. Results
are expressed as Mean = SD of 6 mice. p value: Infected v/s
Infected + SSG/Infected + O. sanctum/Infected + C. nucifera/ln-
fected + O. sanctum + C. nucifera. *p < 0.0001. p value: Infec-
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Infected + O. sanctum/Infected 4+ C. nucifera v/s Infected + O.
sanctum + C. nucifera. 3p < 0.0001. p value: Infected + SSG v/s
Infected + O. sanctum/Infected + C. nucifera/Infected + O. sanc-
tum + C. nucifera ¥p < 0.0001

studies also support the immunomodulatory activity of O.
sanctum, like immunostimulation in cattle suffering from
the subclinical mastitis (Mukherjee et al. 2005) as well as
increased IL-2 gene expression and heightened IL-2 pro-
duction in male wistar rats (Goel et al. 2010).

DTH responses are evoked after intradermal injection of
an antigen in an animal which has had a previous encounter
with the same antigen. DTH comprises of two phases, an
initial sensitization phase after the primary contact with
antigen (when sensitized Thl cells get activated and
undergo multiplication) and a later effector phase (which
includes induration, swelling and monocytic infiltration
into the site of the lesion within 24—72 h). This response is
due to CD4™" and CD8™ cells, though CD4™" Thl cells are
more actively involved than CD4" Th2cells. An increase in
swelling at the site of injection corresponds to a heightened
cellular immune response (Black 1999; Dashputre and
Naikwade 2010). For Leishmania-infected mice, the per-
centage increase in foot-pad thickness in response to
leishmanin corresponds to an increased DTH response. In
the present study, we observed a significant increase in
DTH response in all the groups of infected mice after
treatment with the plant extracts, as compared to the
infected-only mice. Further, there was a progressive
increase in the DTH responses in all treated groups of mice
on 15th p.t.d. than on Ist p.t.d. These results were in
agreement with a report about the immunomodulatory
aspects of O. sanctum by Goel et al. (2010) who observed a
boost in the number of T and B lymphocytes in male wistar
rats due to the administration of aqueous extract of the
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plant, and by Costa et al. (2010) who found the butanolic
extract of C. nucifera triggering DTH responses in swiss
albino mice immunized with SRBCs. The DTH response in
infected mice treated with a combination of both the plant
extracts was found to be even higher than in the infected
mice treated with SSG. Hence, treatment with the combi-
nation of extracts from both the plants appears to be the
most effective in eliciting cellular responses.

Liver is the central organ of metabolism with numerous
independent vital functions that are complex to measure
and quantify. It is the seat of detoxification and is
responsible for the secretion of bile and the production of
blood clotting factors (Sharma and Sharma 2009). The liver
enzymes are very much of diagnostic value as their levels
are altered due to an infection and these abnormal levels
are analysed as a tool to assess disease progression or
recovery (Limdi and Hyde 2003). VL patients show a
number of marked changes in the liver ranging from his-
tological alterations (inflammatory changes, fibrosis,
necrosis, etc.) to an increase in the level of liver enzymes.
Commonly monitored liver enzymes in VL patients are
SGOT, SGPT, ALP and bilirubin. These tests are per-
formed to check the health of liver and effect of drug
induced toxicity on enzyme levels (el Hag et al. 1994).
SGOT and SGPT levels are elevated in case of VL patients
as the L. donovani amastigotes inhabiting liver cells dam-
age them, causing these enzymes to move out of the cells.
This leads to their increased blood levels (Nemati et al.
2012). It was found in the present study that the activity of
enzymes SGOT, SGPT, ALP and the concentration of
bilirubin was significantly above the normal range in
infected but untreated mice that was restored to the normal
levels in infected mice treated with O. sanctum or C.
nucifera, alone or in combination. Nemati et al. (2012)
have also reported an increase in the activity of SGOT and
SGPT in L. major infected BALB/c mice. The hepatopro-
tective nature of O. sanctum has been widely reported in
earlier studies. Jeba et al. (2011) reported that the aqueous
extract of O. sanctum leaves was able to restore the normal
levels of SGOT and SGPT in Wistar rats. Similarly, the
ethanolic extract of the leaves of O. sanctum was found to
ameliorate the hepatotoxicity induced by anti-tubercular
drugs in albino rats (Ubaid et al. 2001). Cocos nucifera has
also been documented to possess hepatoprotective prop-
erty, since the liquid endosperm of C. nucifera was
reported to be hepatoprotective in alloxan-induced diabetes
in Sprague-Dawley rats by restoring SGOT, SGPT and
ALP activity to within normal range as compared to normal
controls (Preetha et al. 2013). The SSG-treated mice in our
study exhibited intense hepatotoxicity as indicated by the
abnormal range of activity of the enzymes of liver function
tests. The SSG induced hepatotoxicity has been reported by
Roychoudhury and Ali (2008) also.
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Fig. 5 Liver functions tests in
various groups of BALB/c mice.
a SGOT activity, b SGPT
activity, ¢ ALP activity,

d bilirubin concentration.
Results are expressed as

Mean £ SD of 6 mice. p value:
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nucifera. *p < 0.0001. p value:
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Various changes in the activity of renal enzymes have
been reported during severe toxicity with drugs. Hence,
renal function tests are an important tool in assessing the
suitability of a therapeutic agent. In the present study, the
concenteration of blood urea and serum creatinine was
found to be within the normal range in the infected but
untreated mice. The levels in the infected mice treated with
O. sanctum or C. nucifera alone, or in combination were
also were found to be within the normal range. Treatment
with the standard drug SSG caused slightly raised con-
centration of blood urea and serum creatinine, though it
still remained within the normal range. Thus, we found
using O. sanctum and C. nucifera alone and in combination
to be safer than using SSG.

New and alternative drug sources of anti-leishmanial
compounds which are less toxic, easily available and cost-
effective is the need of the present times. These requirements
can best be fulfilled by the plant products and their deriva-
tives that act as a source for more than 50 % of all the drugs in
clinical use in the world (Gurib-Fakim 2006). The World
Health Organization has estimated that approximately 80 %
of the world population relies on traditional medicines for
their health care (Newman and Cragg 2007). Plant-based
drugs play a very important role in the fight against numerous
diseases, since a large section of world population has no
access to the conventional pharmacological treatment (ow-
ing to cost and availability) and there is an increasing inef-
ficiency of conventional medicines in terms of the serious
side-effects and toxicity. Thus, easy access and ethnob-
otanical knowledge has propelled the use of plant-based
drugs (Rates 2001). Leishmaniasis is associated with the
immunological dysfunction of T cells, natural killer cells and
in particular, incapacitation of macrophages which ulti-
mately leads to the establishment of the parasite. Hence,
immunomodulation that involves recovery of the Thl
responses and enhanced nitric oxide production is an
important aspect of this disease (Kaye et al. 2004).
Immunomodulatory properties of plants have been known
since ancient times. Many plants are known to enhance
macrophage activation as well as cell mediated and humoral
immune responses (Agarwal and Singh 1999). The concept
of using natural immunomodulators to treat parasitic infec-
tions including leishmaniasis holds a great potential in
achieving the control of this disease. These natural
immunomodulatory molecules can serve as scaffolds for the
synthesis and discovery of new drugs. Also, their use in
synergy with the existing drugs may involve the functional
manipulation of multiple molecular targets leading to an
improved therapeutic efficacy and reduced toxicity.

In the light of above discussion, the results of the present
study obtained with the extracts of O. sanctum and C.
nucifera are promising as they have anti-leishmanial and
immunomodulatory properties. The plant extracts used
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showed a better healing potential than SSG and in terms of
drug-induced toxicity in treated mice. Thus, the result of
this study provides an insight into plant-based drugs which
could be used for effective treatment of visceral leishma-
niasis without causing harmful effects. These plants could
further be investigated in other animal models such as
hamsters for establishing their anti-leishmanial and
immunomodulatory activity.
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