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Phytotherapy Used in Orissa State, India for
Treating Malaria
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This paper reports 35 medicinal plants belonging to 25 families used in the treatment of malaria by the people
inhabiting the forests located near to Bhubaneswar, the capital city of Orissa, a south-eastern state in India.
The methods adopted for the preparation of plant parts are discussed along with their family and local name(s).
The majority of the herbal preparations were made in the form of juices or by using water as the medium in
the form of decoctions or infusions. Various plant parts, such as leaves, ”owers, fruits, barks, stems, roots, and
in some cases the whole plants are used to prepare these remedies each of which contains a single species.
Copyright © 2009 John Wiley & Sons, Ltd.
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INTRODUCTION

Malaria is a life-threatening parasitic disease trans-
mitted by female Anopheles mosquitoes and is one of
the most important diseases of the African continent
as well as Asian countries, such as India, killing 1…3
million people and causing disease in 300…500 million
people in 107 countries annually (Korenromp, 2004).
Resistance of Plasmodium falciparum to antimalarial
agents is an important and increasing problem (Wellems
and Plowe, 2001). In India, apart from a few pockets,
malaria is a major health problem, resulting in a large
number of deaths and high morbidity. According to the
data provided by the NAMP  (National Anti-Malarial
Programme), an average of 2 million cases has been
reported every year. Out of the 27 States and 7 union
territories of India, most cases of malaria were reported
from Madhya Pradesh (17%), Gujarat (16%), Orissa
(15%), Rajasthan (11%), Maharashtra (9%) and others
(32%) (Source 1, 2000). Most deaths due to malaria in
India occur in Orissa (45%) and in Madhya Pradesh
(24%) (Source 2, 2003). Thus it is important to search
for new antimalarial compounds, either synthetic or
natural. The ethnopharmacological approach for the
search of new antimalarial agents from plant sources
has proved to be predictive and very signi“cant due to
the success of the antimalarial drug quinine and the
recent discovery of artemisinin from antimalarial plants,
Cinchona sp. and Artemisia annua L. respectively
(Wright, 2005). The practice of herbal healing has
evolved strong roots in Indian culture and folklore. For
the people inhabiting the deep forests in the State of
Orissa, the reliance on healing through plants is pre-

valent, even to this day. Therefore, the aim of this study
was to collate information from some indigenous groups
of people living in the forests located near Bhubaneswar,
the capital city of Orissa (India), about their current
traditional uses of plants for the treatment of malaria.

MATERIALS AND METHODS

Description of study area. Orissa is one of the south-
eastern states of India which constitutes a part of the
Eastern Ghats and has diverse topography consisting
of hills, valleys, dense evergreen forests and scrub jungles.
The forest area of the State is approximately 38% of its
geographical area.

Chandaka and Nayagarh forests are located at a dis-
tance of about 25 km (west) and 100 km (south-west)
by road from Bhubaneswar (20° 15� N, 85° 50� E)
respectively. These are moist, variable, semi-evergreen
forests, demarcated as wildlife sanctuaries. Therefore
wildlife guidelines were strictly followed during course
of this study.

Method of database preparation. The information about
plants used for treating malaria was gathered by inter-
viewing different tribes during the period March…
August 2004 with a series of predetermined questions
and discussions. Questionnaires were used to obtain
the following information on medicinal plants used
traditionally: (1) local name of the plants used in the
treatment of severe fever with symptoms such as
headache, joint pain, shivering, feeling cold, sweating,
nausea and vomiting; (2) preparation and administra-
tion; (3) part(s) of the plant used; (4) how the plant
was collected; and (5) how the plant material was stored.
All communication was conducted in native language
(similar to Oriya) by Mr S. M. Kommula.
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House-to-house and person-to-person interviews were
carried out irrespective of sex and age during the initial
visit to select informants based on their folk-knowledge
for self-medication or for treating others. In most cases
they were interviewed on more than one occasion.
A total of 12 men aged 25 to 65 years agreed to share
their folklore information. On subsequent visits, the
informants (two/three) were accompanied by us to the
“eld where they normally collected the medicinal plants.
After selecting a plant, they consulted among them-
selves about the antimalarial uses of the plant. Local names
and the mode of preparation were recorded on the spot.
The plants referred by these people were authentically
identi“ed by taxonomists, Mr S. M. Kommula (Survey
of Medicinal Plants Unit, Central Research Institute,
Bhubaneswar), and Dr S. Parida and Dr N. K. Dhal
(Natural Product Department, Institute of Minerals and
Materials Technology, Bhubaneswar). The herbarium
specimens were deposited in the School of Pharmacy,
University of Bradford, UK. The data obtained is pre-
sented in Table 1, which is arranged in alphabetical
order of the family name. The local name(s), part(s)
used and the mode of preparation given to each plant
were collated by us.

RESULTS AND DISCUSSION

The Chandaka and Nayagarh tropical forests are very
rich in medicinal plants and the communities living in
these forests are dependant on medicinal plants for their
health care. These communities are strong, assiduous
and hospitable tribes, viz. Saora and Kondh respec-
tively. Normally these tribes are reserved and prefer to
keep their distance from people of other communities
(living in developed areas) as they are very shy. Among
them, very few culture-conscious individuals are able
to preserve their social customs and digni“ed values
and even today some of this traditional knowledge is
unrevealed to the modern world. A perusal of the litera-
ture revealed that a lot of ethnomedical work has been
done in this region, but the present survey was carried
out distinctively to collect the information on plants
used in the treatment of malaria for the “rst time.

The data collected in this study is based on “rst-hand
information and altogether 35 plants of 33 genera be-
longing to 25 families have been documented for their
therapeutic properties for treating malaria of which 16
species were newly recorded from the region around
Bhubaneswar (Table 1). These species are indicated
with an asterisk (* ) in Table 1. Alangium lamarckii  and
Vitex pinnata have been recorded for the “rst time as
used for the treatment of malaria in India.

The information collected in this survey was cross-
checked with available databases generated on Indian
ethnobotany and medicinal plants (Chopra et al., 1956;
Ambasta et al., 1992; Warrier et al., 1995…1997). Similar
uses were found, i.e. to treat either malaria or fever,
but the data obtained in the present study is very
speci“c for malaria treatment, particularly with respect
to the mode of preparation and plant parts used. There-
fore, this study has provided new information in these
areas. The species most commonly used to treat malaria
are A. lamarckii, Barringtonia acutangula, Nyctanthes
arbor-tristis, Ocimum canum and Vitex negundo which

are used extensively. However, the use of these plants
in the treatment of malaria does not necessarily imply
ef“cacy, but it does give a list of species that can be
studied pharmacologically for their active principles and
bioactive effects.

Different parts of plants, such as leaves, roots, stems,
barks, ”owers, and fruits, and in some cases the whole
plant were used. It was observed from the data obtained
that remedies are derived from single-plant sources. This
could be because the preparation of remedies from
single plants may be easier. Most of the medicines are
prepared from fresh material collected from the wild
and water is used as the medium. Some of the plant
materials, such as ”owers and fruits, are collected
during periods of availability, sun dried and stored for
use as and when necessary. The dried plant materials
are mostly powdered and used for preparation of the
medicines. For juice extraction, the plant materials
collected, such as root, bark, leaf or whole plant, are
thoroughly washed, especially the hard materials, such
as root and bark, which are crushed manually using
traditional equipment like hemadasta or besana (simi-
lar to mortar and pestle); a small amount of water
is sprinkled onto the material to facilitate pounding.
The crushed material is then placed on a clean piece
of cotton cloth and squeezed to collect the juice. The
squeezed material is again crushed after adding water,
and the process is repeated (3…4 times) till the maxi-
mum amount of juice is extracted.

In this study, plants were derived from a diverse range
of plant families and the most predominant family
in terms of the number of species was the Verbenaceae
with six species (Table 1). A literature search revealed
that 13 species: Ailanthus excelsa (bark, IC 50 �  2.8� g/mL;
Dell•Agli  et al., 2008), Andrographis paniculata (Whole
plant, IC50 �  50� g/mL; Rahman et al., 1999), Ficus hispida
(leaf, IC50 �  5.8� g/mL; Nguyen-Pouplin et al., 2007),
Gmelina arborea (stem, IC50 �  36� g/mL; Simonsen et al.,
2001), Holarrhena antidysenterica (bark, IC 50 �  28 � g/
mL; Simonsen et al., 2001), Hyptis suaveolens (leaf,
IC50 �  2.5� g/mL; Chukwujekwu et al., 2005), Lantana
camara (root bark, IC 50 �  9 � g/mL; Weenen et al., 1990),
Nyctanthes arbor-tristis (leaf, IC50 �  38� g/mL; Simonsen
et al., 2001), Ocimum canum (ariel, IC 50 �  24� g/mL;
Simonsen et al., 2001), Pergularia daemia (bark, IC 50 �
50 � g/mL; Kohler  et al., 2002), Soymida febrifuga (twig
bark, IC50 �  35� g/mL; Simonsen et al., 2001), Toddalia
asiatica (root bark, IC 50 �  0.78� g/mL; Gakunju  et al.,
1995) and Vitex negundo (leaf, IC 50 �  17.3� g/mL;
Nguyen-Pouplin et al., 2007) had been previously inves-
tigated for antiplasmodial activities against Plasmodium
falciparum; of these 12 species showed positive results.
Antiplasmodial constituents, such as 1,2-dihydroxy-6,8-
dimethoxy-xanthone (IC 50 �  4 � g/mL; Dua et al., 2004),
13� -epi-dioxiabiet-8(14)-en-18-ol (IC50 �  0.1� g/mL;
Chukwujekwu et al., 2005) and nitidine (IC50 �  0.05� g/
mL; Gakunju  et al., 1995), were reported from A.
paniculata, H. suaveolens and T. asiatica respectively.
Also, two antiplasmodial quassinoids viz. ailanthone
and 6� -tigloyloxychaparrinone were reported from
Ailanthus Sp. (IC50 �  0.003 and 0.061� g/mL respectively;
Okunade et al., 2003) and weakly active antiplasmodial
triterpenoids, such as betulinic acid, lupeol, ursolic
acid, oleanolic acid, etc., were noted in most of the
abovementioned plants. Among the above, nitidine,
ailanthone and 6� -tigloyloxychaparrinone are the most
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Table 1. List of medicinal plants used by the people of Orissa State (India) in the treatment of malaria

Family name
Species name

Acanthaceae
Andrographis paniculata (Burm.f.) Nees
Alangiaceae
Alangium lamarckii  Thw. *
Apocynaceae
Holarrhena antidysenterica (Roth.) Wall.ex A.DC.
Asclepiadaceae
Pergularia daemia (Forsk) Chiov. *
Asteraceae
Elephantopus seaber  L.
Sphaeranthus indicus L.
Barringtoniaceae
Barringtonia acutangula  L.*
Combretaceae
Calycopteris ”oribunda  (Roxb.) Poir.
Combretum roxburghii  Spreng. *
Fabaceae
Caesalpinia pulcherrima  (L.) Swart.
Lamiaceae
Hyptis suaveolens  L.*
Ocimum canum  Sims
Leguminoceae
Cassia obtusifolia L.*
Lythraceae
Woodfordia ”oribunda  Salisb *
Magnoliaceae
Magnolia champaca  (L.) Baill. ex Pierre *
Meliaceae
Melia azadirach  L.
Soymida febrifuga (Roxb.) A.Juss.
Menispermaceae
Tinospora sinensis  (Lour.) Merrill
Mimosaceae
Mimosa Pudica  L.*
Moraceae
Ficus hispida  L.f.*
Oleaceae
Nyctanthes arbor-tristis  L.
Oxalidaceae
Oxalis corniculata L.*
Rhamnaceae
Ziziphus jujuba  L.*
Rubiaceae
Adina cordifolia (Roxb.) Hook.f.ex Brandis *
Rutaceae
Murraya exotica  L.
Toddalia asiatica (L.) Lam.*
Sapindaceae
Schleichera oleosa  (Lour.) Oken.
Scrophulariaceae
Bacopa monnieri  (L.) Wettstein
Simaroubaceae
Ailanthus excelsa Roxb.
Verbenaceae
Clerodendrum indicum (L.) Kuntze*
Clerodendrum viscosum Vent.*
Gmelina arborea  Roxb.
Lantana camara  L. var aculeate (L.) Moldenke
Vitex negundo  L.

Vitex pinnata  L.*

*  Remedies to treat malaria recorded for the “rst time from the forests located near Bhubaneswar, Orissa, India.

Part & mode of preparation

Water-extract of wholeplant

Water-extract of bark

Water-extract of bark

Water-extract of dry leaf

Juice of leaf by expression
Water-extract of wholeplant

Root-juice by grinding

Water-extract of dry leaf
Water-extract of root

Leaf-juice expressed

Juice of fresh root
Fresh leaf-juice

Water-extract of whole plant

Water-extract of dry leaf

Water-extract of dry bark

Water-extract of bark
Juice of fresh bark

Juice of fresh stem

Juice of fresh stem

Fruit-juice by grinding

Juice of fresh-leaf expressed

Juice of whole plant

Expressed juice of leaf

Bark-juice by grinding

Root juice
Root juice

Bark juice

Expressed juice of whole plant

Leaf-juice or bark-juice

Fresh leaf-juice
Leaf-juice
Root-juice
Fresh leaf-juice
Leaf-decoction (as a tea form)
or juice of fresh ”ower
Water-extract of leaf

Area

Chandaka

Chandaka

Nayagarh

Chandaka

Nayagarh
Chandaka

Nayagarh

Nayagarh
Nayagarh

Chandaka

Nayagarh
Nayagarh

Chandaka

Nayagarh

Chandaka

Nayagarh
Nayagarh

Chandaka

Chandaka

Chandaka

Chandaka

Nayagarh

Chandaka

Chandaka

Chandaka
Chandaka

Nayagarh

Chandaka

Chandaka

Chandaka
Chandaka
Nayagarh
Chandaka
Chandaka

Nayagarh

Local name in Oriya
(Specimen Number)

Chiraita (040302)

Ankul (040801)

Kherwa (040710)

Utrail (040501)

Mayurchulia (040708)
Bui kadanb (040701)

Hinjal (040701)

Atundi (040704)
Kala Atundi (040705)

Krishnachura (040601)

Ban tulasi (040711)
Gonga tulasi (040714)

Chakunda (040301)

Dhatuki (040720)

Champa (040401)

Mahalimb (040304)
Rohini (040718)

Guluchi (040303)

Lajakuli (040803)

Dimiri (040507)

Gangaseoli (040607)

Ambiliti (040715)

Barakuli (040402)

Haldu (040305)

Ban mallika (040606)
Tundpora (040403)

Kusum (040717)

Brahmi (040307)

Mahala (040506)

Nagri (040306)
Komutia (040505)
Gambari (040709)
Nagaboiri (040712)
Begunia (040504)

Majurgudia (040719)
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promising compounds for further studies as they
were reported to have relatively low toxicity in vitro
(Okunade et al., 2003; Wang et al., 2007).

These data lend support to the traditional usage of
these plants as antimalarials. In addition, ethnobotanical
information has been gathered in this study which
may be signi“cant. Hence, further investigations are
anticipated for the isolation of potential antimalarial
compounds from the species identi“ed in this study.
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Investigation of Indian Diospyros Species for Antiplasmodial
Properties
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Despite decades of intense research, malaria remains a deadly disease worldwide and new
antimalarials are urgently needed due to increasing drug resistance ofPlasmodium falciparumto
existing drugs. This article reports the evaluation of four Indian Diospyros species viz.,
Diospyros melanoxylon, D. peregrina, D. sylvatica, D. tomentosafor antiplasmodial activities
against chloroquine-sensitive (3D7) and chloroquine-resistant (K1) strains ofP. falciparum. Six
of eight methanolic extracts were found to have significant activity, (IC50¼16.5…92.9mg ml� 1),
against strain 3D7 and five of these showed similar activities against strain K1
(IC50¼20.5…121.6mg ml� 1). Diospyros sylvatica was found to be the most active species
(IC50¼16.5…29.4mg ml� 1) and is worthy of further investigation.

Keywords: Diospyros melanoxylon…Diospyros peregrina…Diospyros sylvatica…Diospyros
tomentosa… Ebenaceae … Malaria …Plasmodium falciparum

Introduction

Malaria is one of the most devastating diseases in the
world responsible for more than 2.5 million deaths (1)
and at least 300 million clinical cases per annum (2).
Resistance ofPlasmodium falciparumto chloroquine and
some other antimalarial drugs continuous to increase.
Efforts are now being directed towards the discovery and
development of new chemically diverse antimalarial
agents. Diospyros is one of the most important genera
of the Ebenaceae andDiospyros species are well-known
for their medicinal uses since ancient times in many
traditional medicinal systems such as Ayurveda,
Traditional Chinese Medicine and the African folklore
(3…9). About 41Diospyrosspecies occur in India of more
than 350 species identified (10,11). These are mostly trees
and rarely shrubs. The literature revealed that these
plants contain pentacyclic triterpenes and juglone-
based 1,4-naphthoquinones and about 130 species have

undergone some phytochemical and/or pharmacological
investigations (8).

Two in-vivo studies by different groups revealed that the
methanolic extracts ofDiospyros mespiliformis(bark) and
D. variegata (stem) possessed potent antipyretic properties
supporting their folkloric use in relieving fevers (12,13)
suggesting that species ofDiospyrosmay be worth screen-
ing for antimalarial properties. Diospyros melanoxylon,
D. peregrina, D. sylvatica, D. tomentosahave been used
extensively in Indian traditional medicine to treat for a
variety of diseases including diarrhea, cholera, dysentery,
intermittent fevers, bleeding gums, bronchitis, carbuncles,
cough, cramps, pneumonia, syphilis, tumors, etc. (8,14)
and are widely available in the forests of Orissa (North East
India). Therefore, these species have been collected and
used for antiplasmodial screening.

Methods

Plant Collection

Plant materials were collected from the local forest,
Bhubaneswar (20� 150 N, 85� 500 E), Orissa, India during
June…August 2004. The identity of these plants was

For reprints and all correspondence: V. S. Satyanarayana Kantamreddi,
University of Bradford, Bradford West Yorkshire BD7 1DP, UK.
Tel: þ 44 0 1274 234745; Fax:þ 44 0 1274 234660;
E-mail: v.s.s.kantamreddi@bradford.ac.uk; vssn_k@yahoo.com

� 2007 The Author(s).
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/2.0/uk/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited.

 by on M
ay 5, 2010 

http://ecam
.oxfordjournals.org

D
ow

nloaded from
 



confirmed by taxonomist, Mr Murty K.S. (Ayurvedic
Research Institute, Bhubaneswar, India) and the voucher
specimens (040511…040518) are kept available in The
School of Pharmacy, University of Bradford, UK.

Extraction

Method 1. Dried pulverized plant material (10 g) was
extracted with methanol at room temperature; the
methanol was decanted after 24 h and the extraction
repeated three times. The pooled extracts were filtered
and then concentrated under vacuum using a rotary
evaporator at 40� C.

Method 2. Powdered stem bark (10 g) ofD. peregrina,
D. sylvatica and D. tomentosawere extracted (separately)
in a Soxhlet apparatus successively withn-hexane, ethyl
acetate and methanol and the extracts concentrated under
vacuum.

Sample Preparation

Crude extracts and control drugs stock solutions
(1 mg ml� 1) were prepared by weighing 1 mg accurately
and dissolving in 50ml of dimethyl sulphoxide (DMSO)
or ethanol and made up to 1 ml with double distilled
water. Later these solutions were diluted in complete
medium.

Chemicals and Reagents

All the materials for the antiplasmodial assays were
purchased from Sigma Chemical Co, Poole, UK, except
for artemether which was a gift from Aventis Pharma.

Cultivation of P. falciparum

Chloroquine sensitive (3D7) and resistant (K1) strains
were kindly supplied by Professor D. C. Warhurst
(London School of Hygiene and Tropical Medicine).
The strains were maintained in human Aþ erythrocytes
suspended in RPMI 1640 medium supplemented with
A þ serum and D-glucose according methods of Trager
and Jensen, 1976 (15) and Fairlambet al. 1985 (16).

Antiplasmodial Assay

Cultures containing predominantly early ring stages of
P. falciparum were used for testing. After adding sample
solutions to 96-well microtiter plates in duplicate, 2-fold
serial dilutions were made with RPMI 1640 medium and
infected erythrocytes were added to give a final volume
of 100ml with 2.5% hematocrit and 1% parasitemia.
Chloroquine diphosphate and artemether were used as
positive controls, and uninfected and infected erythro-
cytes without sample solutions were incubated in each
test. Plates were placed into a modular incubator gassed

with 93% nitrogen, 3% oxygen and 4% carbon dioxide
and incubated at 37� C for 48 h. Parasite growth was
assessed by measuring parasite lactate dehydrogenase
activity (pLDH) as described by Makler et al. 1993 (17).
The reagent used contained the following in each micro-
litre acetylpyridine adenine dinucleotide (APAD),
0.74 mg; lithium lactate, 19.2 mg; diaphorase, 0.1 mg;
Triton X-100, 2 ml; nitroblue tetrazolium, 1 mg; and
phenazine ethosulfate, 0.5 mg. Fifty microliters of this
reagent was added to each well and mixed, and plates
were read at 550 nm using a Dynatech Laboratories
MRX microplate reader, and per cent inhibition of
growth was calculated by comparison with control
values. Optical densities were read at 550 nm using
a Dynatech Laboratories MRX microplate reader and
percentage inhibition of growth was calculated by
comparison with control values. IC50 values were
determined using linear regression analysis (Microsoft
Excel). A minimum of three separate determinations was
carried out for each sample.

Results

The antiplasmodial activities of the extracts and control
drugs are shown in Tables 1 and 2. Data are expressed
as the mean� standard deviation of the IC50 of three
independent experiments on different days for each
strain. The IC50 values ranged from 16.5 to
4 500mg ml� 1. The effect of the methanolic extract of
root, D. sylvatica on growth of P. falciparum strain K1
is shown in Fig. 1. No significant difference was found
in IC 50 values against strains 3D7 and K1 in the case
of artemether (0.008 and 0.014mg ml� 1, respectively), but
� 20-fold difference was found in CQ between the
strains 3D7 and K1 (0.02 and 0.38mg ml� 1, respectively)
showing that, as expected strain K1 is resistant to CQ,
but not to artemether. The effect of CQ on growth of
P. falciparum strain K1 is shown in Fig. 2.

Discussion

Six of the eight methanolic extracts from the four
Diospyros species were found to have significant
activities against strain 3D7 (IC50� 93mg ml� 1; see
Table 1) and five extracts were active in case of strain
K1 (IC 50� 122mg ml� 1; see Table 1) suggesting that the
latter do not exhibit cross-resistance with chloroquine.
Interestingly, the extracts of D. sylvatica possessed very
good activity (IC 50¼16.5…29.4mg ml� 1; see Table 1)
against both strains 3D7 and K1 and were the most
active of theseDiospyrosextracts.Diospyros melanoxylon,
stem heartwood and root possessed significant activities
against strain 3D7 (IC50¼55.6 and 78.4mg ml� 1, respec-
tively), but the heartwood extract was 2-fold less
active against strain K1 compared with strain 3D7
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(IC50¼201.7 and 121.6mg ml� 1, respectively). Diospyros
peregrina stem bark possessed activity against both
strains 3D7 & K1 (IC 50¼92.9 and 120.2mg ml� 1,
respectively). Methanolic extracts of the stem barks

of D. melanoxylon and D. tomentosa were inactive
(IC504 500mg ml� 1). Stem barks of D. peregrina,
D. sylvatica and D. tomentosa were fractionated
successively withn-hexane, ethyl acetate and methanol

Table 1. In vitro activities of MeOH extracts and antimalarial drugs againstP. falciparum

S. No. Species and control Ext. Part IC50 mg ml� 1 against Pf [Mean � SD]

Strain 3D7 Strain K1

1. D. melanoxylon Root 78.4� 1.2 121.6� 0.9

2. St. heartwood 55.6� 1.7 201.7� 2.1

3. St. bark 4 500 4 500

4. D. peregina St. bark 92.9� 1.8 120.2� 2.3

5. D. sylvatica Root 27.3� 0.6 29.4� 1.3

6. St. heartwood 16.6� 0.4 20.5� 0.7

7. St. bark 16.5� 0.2 21.9� 0.3

8. D. tomentosa St. bark 4 500 4 500

9. Positive controls Chloroquine 0.02� 0.001 0.38� 0.03

10. Artemether 0.008� 0.002 0.014� 0.01

Note. Pf : P. falciparum; SD: Standard deviation; St.: Stem; Ext.: Extract;n¼3.

Table 2. In vitro activities of successive extracts againstP. falciparum

S. No. Species and control Ext. of St. bark IC50 mg ml� 1 against Pf [Mean � SD]

Strain 3D7 Strain K1

1. D. peregina Hexane 4 500 4 500

2. Ethyl acetate 4 500 4 500

3. Methanol 44.7� 0.7 66.7� 1.6

4. D. sylvatica Hexane 4 500 4 500

5. Ethyl acetate 19.4� 1.1 29.3� 0.8

6. Methanol 51.5� 1.6 81.5� 1.3

7. D. tomentosa Hexane 4 500 4 500

8. Ethyl acetate 4 500 4 500

9. Methanol 4 500 4 500

Note. Pf : P. falciparum; SD: Standard deviation; St.: Stem; Ext.: Extract;n¼3.
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Figure 1. Effect of extract of D. sylvatica on growth of P. falciparum
strain K1.
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Figure 2. Effect of chloroquine diphosphate on growth of P. falciparum
strain K1.
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and screened against both parasite strains (Table 2).
Only the methanolic fraction from D. peregrina was
active while in the case ofD. sylvatica the ethyl acetate
fraction was the most active, but some activity remained
in the methanol fraction. No activity was seen in the
fractions from D. tomentosa, consistent with the lack of
activity found in the cold methanolic extract.

A literature study of Diospyros species revealed that
only the leaves ofD. melanoxylon have previously been
tested against P. falciparum (3D7) and the ethanolic
extract was found to be active (IC50¼97mg ml� 1) (18).
Diospyros peregrina, D. sylvatica, D. tomentosaand the
root, heartwood and stem bark of D. melanoxylon have
been screened for the first time in this study.

A large number of compounds have been reported
from D. melanoxylonand D. peregrina including lupeol,
betulin, betulinic acid, ursolic acid, oleanolic acid,
b-sitosterol, etc. (8). A few studies have been carried
out with D. sylvatica. Lupeol, betulin and betulinic
acid have been isolated from the bark (19) and
2-methylanthraquinone, plumbagin, diosindigo,
diospyrin, iso-diospyrin and microphyllone reported
from roots by Ganapaty et al. 2004 (20). The
antiplasmodial activities of some of these compounds
have been reported (21…27); plumbagin (25) and
diospyrin (26) have been shown to have potent activities
against P. falciparum in vitro (IC50¼0.27 and
0.21mg ml� 1, respectively) while betulinic acid and
lupeol, ursolic acid and oleanolic acid were only weakly
active. The presence of these compounds, especially
plumbagin and diospyrin may explain the antiplasmodial
activities of the extracts tested in this study but further
studies will be needed in order to confirm this.

Conclusion

Extracts of three of the four species of IndianDiospyros
tested in this study showed antiplasmodial activities,
with the best activity shown by D. sylvatica. This species
especially is worthy of further investigation to determine
which of its constituents are responsible for the activity.
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