
Journal of Ethnopharmacology 95 (2004) 399–404

In vitro antiplasmodial activity of callus culture extracts and fractions
from fresh apical stems ofPhyllanthus niruriL. (Euphorbiaceae): part 2

R.K. Cimangaa,∗, L. Tonab, N. Luyindulac, K. Mesiab, M. Lusakibanzab, C.T. Musuambab,
S. Apersa, T. De Bruynea, S. Van Mierta, N. Hermansa, J. Tott́ea, L. Pietersa, A.J. Vlietincka

a Department of Pharmaceutical Sciences, University of Antwerp (UA), Universiteitsplein1, B-2610 Antwerp, Belgium
b Faculty of Pharmacy, University of Kinshasa, B.P. 212, Kinshasa XI, Democratic Republic of Congo

c Regional Center of Nuclear Studies, B.P. 834, Kinshasa XI, Democratic Republic of Congo

Received 19 June 2003; received in revised form 4 July 2004; accepted 16 August 2004

Abstract

dium
s pared
w onth-old
c
a y the
e d with
s ial
a ns
w e
p
©

K

1

m
p
m
t
t
u
f
r
i
C

is be-

alz

nt
at-
hole
tom-
ina-
titis
diar-

o-
y of

0
d

The ethanolic extracts from fresh apical stems ofPhyllanthus niruriL. (Euphorbiaceae) cultured on Murashige and Skoog (MS) me
upplemented with IBA/BAP/Coco nuciferaL. milk for 1, 2, 4 and 6 months were phytochemically and biologically investigated and com
ith intact plant part and whole plant extracts. Results from the in vitro antiplasmodial testing indicated that the EtOH extract of a 1-m
allus culture (IC50 = 16.3± 2.5�g/ml) exhibited a higher activity than the ethanolic extracts of the fresh apical stem (IC50 = 18.2± 2.4�g/ml)
nd callus cultures of 2-, 4- and 6-months-old (25�g/ml < IC50 < 40�g/ml). These activities were however lower than that displayed b
thanolic extract of the whole plant (IC50 < 3�g/ml). The EtOH extract of 1-month-old callus culture (the most active) was fractionate
olvents of different polarities. Its CH2Cl2 fraction rich in terpenic constituents (IC50 = 9.2± 3.4�g/ml) exhibited a higher antiplasmod
ctivity than its isoamylic alcohol fraction obtained at pH 2–3 (IC50 = 25.6± 2.3�g/ml) rich in flavonoids. The activity of these two fractio
as lower than that displayed by the same fractions from the whole plant (2�g/ml < IC50 < 3�g/ml). Alkaloidic fractions from the whol
lant and 1-month-old callus culture of fresh apical stem were considered as inactive (IC50 > 100�g/ml).
2004 Published by Elsevier Ireland Ltd.
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. Introduction

It is well known that plant species synthesize and accu-
ulate various secondary metabolites belonging to different
hytochemical groups. In intact plants, the formation of these
etabolites is regulated in a coordinated fashion. Differentia-

ion of plant cells or tissues during development is implied in
his process. On the other hand, plant cell cultures are widely
sed for the comparison of biological activities of extracts,

ractions or isolated compounds from the intact plant mate-
ial to that of cultured plant material obtained in some exper-
mental conditions (Santos et al., 1994; Sokmen et al., 1999).
allus cultures are also initiated for analytic and quantitative

∗ Corresponding author. Tel.: +32 3 820 27 42; fax: +32 3 820 27 09.
E-mail address:kanyanga.cimanga@ua.ac.be (R.K. Cimanga).

comparative studies of secondary metabolites synthes
tween the intact plant material and callus extracts (Bahorun
et al., 1994; El-Bahr et al., 1997; Rady and Nazif, 1997; B
et al., 1999; Zhentian et al., 1999).

Phyllanthus niruriL. (Euphorbiaceae) is a medicinal pla
widely used in different regions in the world for the tre
ment of various diseases. An aqueous infusion of the w
plant, which is a typical preparation, is employed as a s
achic, aperitive, antispasmodic, laxative, diuretic, carm
tive, against constipation, fever including malaria, hepa
B, dysentery, gonorrhea, syphilis, tuberculosis, cough,
rhea and vaginitis (Olive-Bever, 1986; Paranjape, 2001). The
in vitro and in vivo antiplasmodial activity of the ethan
lic and dichloromethane extracts as well as the toxicit
the lyophilized aqueous extract fromPhyllanthus niruriwas
previously reported (Tona et al., 1999, 2000).

378-8741/$ – see front matter © 2004 Published by Elsevier Ireland Ltd.
oi:10.1016/j.jep.2004.08.014
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The present phytochemical and biological investigation
deals with the definition of some callus culture conditions
of fresh apical stems of this medicinal plant, the comparison
of the chemical composition and the in vitro antiplasmodial
activity of callus extracts obtained after different times of
cultivation to that of the intact fresh apical stem, whole plant
extracts and fractions.

2. Materials and methods

2.1. Plant material

Whole plant and fresh apical stems ofPhyllanthus niruri
L. (Euphorbiaceae) were collected in Kinshasa, Democratic
Republic of Congo in January 1999. The plant was botan-
ically identified by M.N. Nlandu of the Institut National
d’Etudes et de Recherches en Agronomie (INERA) at the
University of Kinshasa where a voucher specimen has been
deposited (INERA 994244). The whole plant was dried un-
der 40◦C and reduced to powder whereas apical stems were
used in fresh state for callus cultures.

2.2. Callus culture conditions
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extracts denoted as PNT (2.873 g) and WP (5.376 g), respec-
tively. Four callus cultures were initiated starting from 16.2 g,
16.5 g, 15.4 g, and 15.1 g of fresh explants, and cultivated
for 1, 2, 4 and 6 months, respectively. Five grams of extract
from each callus culture were separately treated in the same
manner as described above yielding corresponding dried ex-
tracts denoted as PNC1 (0.2887 g), PNC2 (0.3024 g), PNC4
(0.3081 g) and PNC6 (0.2379 g), respectively. On the one
hand, 150 mg of PNC1 was dissolved in 50 ml distilled wa-
ter and filtered. The filtrate was exhaustively extracted with
CH2Cl2, which was evaporated under reduced pressure to
give dried extract denoted as PCN1.1 (42.3 mg). The aqueous
phase was acidified (HCl 1N, pH 2–3), exhaustively extracted
with isoamylic alcohol and treated as described above to give
dried extract denoted as PNC1.2 (32.6 mg). The remaining
aqueous phase was also evaporated under reduced pressure
yielding a dried extract denoted as PNC1.3 (46.5 mg). On the
other hand, 50 mg of PNC1 was dissolved in 25 ml distilled
water and filtered. The filtrate was made basic (10 ml NH4OH
25%, pH 10) and the mixture was exhaustively extracted with
CHCl3, which was evaporated under reduced pressure to give
a dried extract denoted as PNC1.4 (16.2 mg). 200 mg of the
ethanolic extract ofPhyllanthus niruriwhole plant (WP) was
also fractionated in the same manner as described for the
EtOH extract PNC1 yielding dried extracts denoted as WP1
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Fresh apical stems ofPhyllanthus niruririnsed with dis
illed water and were sterilized in 70% ethanol for 1 min,
hen in calcium hypochlorite 9% (w/v) solution for 30 m
hey were finally washed five times with sterile distilled w

er and aseptically cut in segments of 0.5 cm long. T
xplants were cultured in sterile polystyrene flasks con

ng 40 ml of Murashige and Skoog medium (MS) (Murashige
nd Skoog, 1962), according to the nature of the plant grow

actors and the time of cultivation. The medium was sup
ented separately with 2,4-dichlorophenoxyacetic acid
, 4 mg/l), a mixture of indolebutyric acid (IBA) and benz

aminopurine (BAP, 2 mg/l each), a mixture of kinetine (
mg/l) and albumen liquid ofCoco nuciferaL. (100 ml/l),
nd a mixture of IBA/BAP (2 mg/l each) and albumen liq
ve ofCoco nuciferaL. milk (100 ml/l). Prior to autoclavin
t 120◦C (1.5 Kg/cm2) for 30 min, the pH of all media wa
djusted to 5.8 with 0.1N NaOH. All flasks were plugg
ith sterile cotton and cultures incubated at 27◦C in light
r in darkness, or by alternative cycles of light for 12 h
arkness for 6 h in a phytotron incubator. The initiated
ere routinely subcultured onto a fresh medium during
eeks, not only to produce large amounts of calli, but

o ensure a normal growth and to prevent deterioratio
xplants characterized by the appearance of a brown c

.3. Preparation of extracts and fractions

Fifty grams of fresh intact apical stems and powdered d
hole plant were separately macerated with 300 ml E

3 × 24 h). The mixture was filtered and the filtrate eva
ated under reduced pressure yielding corresponding
CH2Cl2 fraction: 64.5 mg), WP2 (isoamylic alcohol fra
ion: 37.40 mg), WP3 (aqueous fraction: 32.4 mg) and W
CHCl3 fraction, pH 10: 23.4 mg), respectively.

.4. Measurements

Fresh weights of the calli were recorded immediately a
he cultivation time and dried weights were determined
rying to a constant weight at 105◦C in an oven for 24 h.

.5. Phytochemical analysis of extracts and fractions

Different extracts and fractions from the partition of W
nd PNC1 were subjected to phytochemical analysis u
onventional protocol (Harborne, 1974). TLC was carried ou
n silica gel F254 plates (layer thickness 0.25 mm, Merck

.6. Antiplasmodial testing

The in vitro antiplasmodial screening of ethanolic
racts ofPhyllanthus niruriwhole plant, of its fresh apic
tems and callus cultures, and their respective fractions
ased on a modified Rieckman’s methodRieckmann et a
1968) as reported byTona et al. (1999). Briefly, 2 mg of
ach dried extract and fraction was separately dissolv
ml EtOH (stock solution). Each stock solution was dilu
ith liquid culture medium (RPMI 1640) supplemented w
3 mM NaHCO3 and 25 mM HEPES [N-2(-hydroxylethyl)-
iperazine-N-2-ethanesulfonic acid] (Sigma Chemical C
ach 96-well test microtitre plate contained human infe
lood from male and female adult patients diagnosed
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acquiredPlasmodium falciparuminfection malaria at the
Bondeko Clinic (Limete, Democratic Republic of Congo)
(5% hematocrit and 1% parasitaemia), test sample (concen-
trations varying from 1.25 to 100�g/ml) and culture medium.
They were tested in triplicate. Control microtitre plates con-
tained infected blood in culture medium mixed with EtOH
without test sample (negative control) to ensure normal de-
velopment of the parasite. All microtitre plates were gently
stirred and then incubated for 48 h at 37◦C in an atmosphere
of 4% CO2, 5% O2 and 92% N2. Giemsa-stained thick blood
films were prepared from each well. The number of schizonts
with three or more nuclei per 200 asexual parasites were mi-
croscopically noted and compared with control plates for the
determination of percentage inhibition of parasite growth.
The IC50 value of each test sample was derived from linear
curves of concentration versus percentage (%) inhibition.

2.7. Statistics

Data are expressed as mean± standard deviation. Statis-
tical analysis was performed using Student’st-test.P values
lower than 0.05 were statistically considered as significant.

3. Results and discussion
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and ethylbrevifolin have been shown to be inhibitors of aldose
reductase (Shimizu et al., 1989).

Results from callus cultures elaborated in our experimen-
tal conditions showed that no development was observed in
MS medium containing no growth factors while in differ-
ent culture media supplemented with some growth factors,
a development or/and a germination was observed at differ-
ent levels (results not presented). Among these trial com-
binations of plant growth factors, MS medium containing
IBA/BAP/Coco nuciferaL. milk was the best callus intitia-
tior in light as well as in darkness. Fresh apical stem explants
horizontally cultured showed a better development than that
vertically cultured probably due to their direct contact with
growth factors in the medium. The cellular multiplication
started at the extremities before invading the complete ex-
plant surface. The proliferation was faster in light than in the
dark. The physical appearance of all calli was friable and
ranging from yellow to brown. For calli cultured in light,
the presence of small green structures resembling plantlets
that emerged individually suggesting the occurrence of pho-
tosynthesis was observed. This was not observed in calli cul-
tured in the dark. Calli containing other growth factors in MS
medium were neglected because of their bad development
and their poor production. The growth of different cultures
(1, 2, 4 and 6 months) expressed as the increase or decrease
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A review on the chemistry, the pharmacology and the t
peutic potency of differentPhyllanthusspecies has bee
eported (Calixto et al., 1998). Phyllanthus nirurihas par
icularly shown some interesting biological activities rela
o its worldwide uses in traditional medicine. An aque
xtract of the whole plant has been reported to inhibit the
ogenous DNA polymerase of hepatitis B virus in vitro

n vivo (Venkateswaran et al., 1987). Bioassay-guided fra
ionations of extracts fromPhyllanthus niruriresulted in the
solation and characterization of some active constitu
or example, the inhibition of angiotensin-converting
yme was attributed to geraniin (Ueno et al., 1988). This
ompound was also isolated from the leaves ofPhyllanthus
ellowianusand showed a potent analgesic effect (Miguel
t al., 1996). It can be also considered as the compo
esponsible for the same activity exhibited by the totalPhyl-
anthus niruriextract (Santos et al., 1995), but not for callus
ulture extractsSantos et al. (1994)because it was not d
ected there (Ishimaru et al., 1992). OtherPhyllanthus nirur
onstituents such as ellagic acid, brevifolin carboxylic

able 1
eights extracts (mg) of intact apical stem and callus cultures after 1

PNC1 P

resh callus 2468.0± 3.1
ried callus 142.5± 2.7
oss on drying (%) 94.0± 3.9*

umber of samples 7 9

NC1, PNC2, PNC4 and PNC6: ethanolic extracts from callus culture
∗ P > 0.05.
nd 6 months in MS supplemented with IBA/BAP/Coco nuciferaL. milk

PNC4 PNC6

2.3 2624.0± 1.7 2669.0± 3.4
1.8 162.0± 2.0 127.0± 2.7
4.3* 94.0± 4.1* 95.0± 1.3*

6 11

, 2-, 4- and 6-months-old, respectively.P < 0. 001.

n fresh and dry weights was determined. Results pres
n Table 1indicate that the weights of fresh callus extra
ignificantly increased with the duration of cultivation (P <
.01). Except for the dried ethanolic extract PNC6, this
bservation is also valid for dried ethanolic extracts PN
NC2 and PNC4. In spite of the variation in weight of dr
allus extracts, no significant difference in loss on drying
bserved (P > 0.05).

Phytochemical analysis was carried out by TLC
ndicated the presence of alkaloids, steroids, terpe
oumarins, polyphenolic compounds such as phenolic
nd flavonoids in the ethanolic extracts of whole plant.
ept for alkaloids which were detected only in traces,
emaining phytochemical groups cited above were also
ected in the ethanolic extracts of the intact fresh apical s
nd callus cultures of 1-, 2-, 4- and 6-months-old. Tan
ere only detected in the whole plant extract. In gen

heRf values of the detected compounds on TLC were
he same (chromatograms not shown) suggesting that su
entation of culture media with some phytohormones i

mportant factor affecting the qualitative and to some ex
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Table 2
Phytochemical screening of whole plant, intact fresh apical stem and callus extracts ofPhyllanthus niruri

Extracts Alk.
(alkaloids)

Anth.
(anthocyanins)

Phen. (phenolic
compounds, FeCl3

positive)

Anthr.
(anthraquinones)

Flav.
(flavonoids)

Tan.
(tannins)

Sap.
(saponins)

Terp/Ster.
(terpenes/steroids)

WP + − + − + + − +
PNT ± − + − + − − +
PNC1 ± − + − + − − +
PNC2 ± − + − + − − +
PNC4 ± − + − + − − +
PNC6 ± − + − + − − +

WP, PNT, PNC1, PNC2, PNC4, and PNC6: ethanolic extracts of whole plant extract, intact fresh apical stem extract, callus extracts of 1-, 2-, 4- and 6-months-old,
respectively, +: positive test;−: negative test in our experimental conditions.

the quantitative production of some secondary metabolites
according to the time of cultivation. This finding corrob-
orates with the observations deduced by other authors on
the influence of some plant growth factors on the produc-
tion of some metabolites in callus cultures of some medicinal
plant parts (Kartnig et al., 1993; Bahorun et al., 1994; Saker
and El Ashal, 1995; El-Bahr et al., 1997). Anthocyanins, an-
thraquinones and saponins were not detected in any extract
and fraction (Table 2). Ishimaru et al. (1992)have reported
the presence of phenolic compounds such as gallic acid, (+)-
catechin, (−)-epicatechin, (−)-epigallocatechin-3-O-gallate,
(−)-epigallocatechin, (−)-epigallocatechin 3-O-gallate and
(+)-gallocatechin in tissue culture ofPhyllanthus nirurion
MS medium containing 30 g/l sucrose. In our experimental
conditions, it was observed that the phytochemical compo-
sition of callus cultured in the light and in the dark in MS
medium supplemented with IBP/BAP/Coco nuciferamilk
was similar. They were thus combined for the biological test-
ing according to their cultivation time.

Concerning the antiplasmodial activiy ofPhyllanthus
species, aqueous extracts from the leaves and stem of
Phyllanthus reticulatusPoir have been reported to be active
againstPlasmodium falciparumchloroquine-sensitive K67
(20�g/ml < IC50 < 25�g/ml) and chloroquine-resistant
ENT36 strains (1�g/ml < IC50 < 10�g/ml) in vitro while the
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In the present investigation, the ethanolic extract of the
callus cultures of fresh apical stems ofPhyllanthus niruri
in MS medium supplemented with IBA/BAP/Coco nucifera
L. milk after 1-, 2-, 4- and 6-months-old (PNC1, PNC2,
PNC4 and PNC6, respectively) were evaluated in vitro for
their potential antiplasmodial activity. Results of the antiplas-
modial testing indicated that all extracts exhibited a dose-
dependent inhibitory effect on the development of tropho-
zoits to schizonts when tested at a concentration from 11.5
to 18.75�g/ml. At these concentrations, the ethanolic extract
PNC1 produced 39 and 69% inhibition ofPlasmodium falci-
parumgrowth, respectively, an activity which was higher (P
< 0.05) than that of the ethanolic extracts PNT (37 and 61%
inhibition), PNC2 (32 and 43% inhibition), PNC4 (32 and
34 % inhibition), and PNC6 (15 and 28% inhibition) tested
at the same concentrations. To appreciate more, the antiplas-
modial activity of these extracts, the IC50 values resulting in
50% inhibition of the parasite growth in vitro were derived
by a linear curve concentration versus percentage (%) inhi-
bition. The results showed that the intact fresh apical stem
ethanolic extract (PNT, IC50 = 18.2± 2.4�g/ml) exhibited
a lower activity (P < 0.05) than the same extract from callus
cultures of 1-month-old (PNC1, IC50 = 16.3± 2.5�g/ml)
(Table 3). This activity was however significantly higher (P
< 0.001) than that of PNC2, PNC4 and PNC6 ethanolic ex-
t ith
I
± t the
a va-
t ents
i ith a
l ced
b the
m

t
( ial
a NT)
a acts
( one
p NC1
e . The
C
P a
queous extract of the root was less active against both s
IC50 > 100�g/ml) (Omulokoli et al., 1997). The CHCl3
xtract from the partition of the aqueous extract of the
ark ofPhyllanthus decipiensvar. antsihanakensisLeandri
as been reported to exhibit a good antiplasmodial ac

n vitro againstPlasmodium falciparumFCM 29/Camerou
hloroquine resistant strain (IC50 < 5�g/ml) (Rasoanaiv
t al., 1999). A preliminary study conducted byDhar et al
1968) demonstrated that an 50% ethanol extract ofPhyl-
anthus niruriwhole plant failed to reduce the parasitae
n mice infected withPlasmodium berghei bergheiwhile
ona et al. (1999, 2000)reported a good in vitro and in viv
ntiplasmodial activity of the ethanolic and dichlorometh
xtracts ofPhyllanthus niruriwhole plant, the latter extra
eing more active than the first one.Usha et al. (2001)have
lso described a dose-dependent suppressive effect
arasitaemia in mice infected withPlasmodium berghe
ergeiof an aqueous extract from the whole plant.
racts which showed a very low antiplasmodial effect w
C50 values of 27.5± 3.1�g/ml, 34.7± 2.9�g/ml and 36.2

4.5�g/ml, respectively. The results also showed tha
ctivity significantly decreased with the duration of culti

ion. This suggested that the production of active constitu
n some experimental conditions decreases not only w
ong time of the cultivation, but also seems to be influen
y the nature of growth factors and their concentration in
edium.
The ethanolic extract ofPhyllanthus niruriwhole plan

WP, IC50 2.5± 0.2�g/ml) exhibited a higher antiplasmod
ctivity (P < 0.001) than the intact fresh apical stems (P
nd callus culture of 1-month-old (PNC1) ethanolic extr
Table 3). To locate active fractions containing at least
hytochemical group as major constituent, WP and P
thanolic extracts were fractionated as described above
H2Cl2 fraction (WP1, IC50 = 1.3 ± 0.3�g/ml) from the
hyllanthus niruriwhole plant ethanolic extract exhibited
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Table 3
Antiplasmodial activity of ethanolic extracts and fractions fromPhyllanthus
niruri whole plant and callus cultures of 1-month-old from fresh apical stems

Samples IC50 (�g/ml)

Whole plant
EtOH (WP) 2.5± 0.2*

CH2Cl2 (WP1) 1.3± 0.3
Isoamylic alcohol (WP2) 2.3± 0.5*

Residual aqueous fraction (WP3) n.t.
CHCl3 (WP4) >100

Intact fresh apical stem
EtOH (PNT) 18.2± 2.4

Fresh apical stem cultured of 1-month-old
EtOH (PNC1) 16.3± 2.5
CH2Cl2 (PNC1.1) 9.2± 3.4
Isoamylic alcohol (PNC1.2) 25.6± 2.3
Residual aqueous fraction (PNC1.3) n.t.
CHCl3 (PNC1.4) >100

Quinine dihydrochloride 0.25± 0.02

All isoamylic alcohol and chloroformic fractions were obtained at pH 2–3
and 10, respectively. n.t.: not tested.P < 0.001.

∗ P > 0.05.

higher antiplasmodial activity (P < 0.001) than the corre-
sponding fraction (PNC1.1, IC50 = 9.2 ± 2.4�g/ml) from
the parent extract PNC1. The same observation is also valid
(P < 0.001) for the isoamylic alcohol WP2 (IC50 = 2.3
± 0.5�g/ml) compared to the same fraction from PNC1
(PNC1.2, IC50 = 25.6± 2.3�g/ml). The total alkaloid frac-
tions from WP (WP4) and PNC1 (PNC1.4) did not show a sig-
nificant antiplasmodial activity (IC50 > 100�g/ml) (Table 3).
From these results, the activity of the ethanolic extract from
the whole plant and that of the callus cultures of 1-month-
old from fresh apical stems was found to be located in the
CH2Cl2, isoamylic alcohol and CH2Cl2 fractions, respec-
tively. TLC analysis of these different fractions revealed the
presence of terpenes and/or steroids in CH2Cl2 fractions,
flavonoids as aglycones in isoamylic alcohol fractions and
alkaloids in the CHCl3 fractions obtained at pH 10 as their re-
spective major constituents. Coumarins and/or phenolic acids
were also detected in the parent extracts. Some constituents
such as quercetin, lupeol, and ellagic acid were unambigu-
ously identified by TLC and co-chromatography in the pres-
ence of reference products in extracts WP and PNC1 as well
as in fractions according to the case, except lupeol which was
not identified in the PNC1 extract and its CH2Cl2 fraction.
These known compounds have already been reported to ex-
hibit an antiplasmodial activity in vitro and/or in vivo (Alvez
e
b rved
a ther
h ified
s ical
a con-
s to ex-
h ;
C y
a at of

quinine dihydrochloride used as a reference product (IC50 <
1�g/ml).

On the basis of the results reported here, it was con-
cluded that the phytohormone mixture IBA/BAP/albumen
liquid Coco nuciferamilk introduced onto the media for the
callus cultures of fresh apical stems fromPhyllanthus niruri,
seems to be able to produce secondary metabolites with some
antiplasmodial activity. Although, the activity of the EtOH
extract and fractions from the whole plant was higher than
that of the callus cultures of 1-month-old from fresh apical
stems, the possibility to increase this activity by modifying
the relative proportions of these plant growth regulators or
by adding or removing one could not be excluded, and are
being investigated.
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