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Methanol extracts (ME) of Cleome spinosa obtained from plants of natural growing areas (NP) and
acclimatized plants (AP), as well as from the lipophilic mass containing beta-carotene (LMBC) produced
from callus cultures were evaluated for their anti-inflammatory and antinociceptive potentials. These
properties were studied using carrageenan-induced paw edema and acetic acid-induced writhing
animal models. The ME from leaves of NP and AP 10 mg/kg, intraperitoneally (i.p.) caused a significant
inhibition of carrageenan-induced paw edema. Antinociceptive activity was observed in extracts from
leaves of AP, leaves and stems of NP and LMBC, at 50 mg/kg (i.p.), corresponding to half concentration
of the standard drug dipyrone (100 mg/kg). The extracts did not present toxicity as determined by
Artemia salina bioassay. Our results demonstrated that C. spinosa has anti-inflammatory and
antinociceptive properties, confirming its popular use, and also served to extend the use of plant
biotechnology tools for investigations on the pharmacological potential and phytochemical exploitation
of this species.
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INTRODUCTION

Many species of the genus Cleome have been investi-
gated for medicinal properties and some of them were
evaluated for anti-inflammatory (Selloum et al., 1995;
Nagaya et al., 1997; Fushiya et al., 1999; Bouriche et al.,
2003, 2005; Simdes et al., 2006; Sharma et al., 2010a)
and analgesic (Singh and West, 1991; Parimaladevi et
al., 2003; Bose et al., 2007) activities.

Cleome spinosa Jacq. is a shrub known in Brazil as
“mussambé-de-espinho” or “sete-marias” used in
Northeastern Brazil among herbal medicine practitioners
for the treatment of diseases related to respiratory tract,
and several inflammatory disorders. Leaf and flower
infusions and syrups are usually prepared for treatment
of fever, influenza, cough, bronchitis and asthma, while

*Corresponding author. E-mail: albarellopereira@yahoo.com.br. Tel: 55 021 23340273. Fax: 55 021 23340595.




1044 J. Med. Plants Res.

the whole plant shows digestive and cicatrizing effects
(Cabral and Agra, 1998; Agra et al., 2007).

There is little information about the medicinal properties
of C. spinosa in the literature. Chemical studies led to the
isolation  of  glucosinolates  (glucocapparin  and
glucocleomin) and cembranes. Both groups are related to
antineoplasic activity, and the latter is known to display
several biological activities, including anti-human
immunodeficiency virus (HIV) and neuroprotection
(Ahmed et al., 1972; Germano et al., 2002; Collins et al.,
2004).

During the last few years, many plants used in
phytopharmaceutical preparations are being
overexploited, and several species are disappearing at
an alarming rate. In addition, medicinal plants can be
associated with a broad variety of microbial contaminants
and the main prerequisite for the development of high-
quality phytopharmaceutical products is a consistent
source of high-quality plant material.

Hence, advanced biotechnological methods for
culturing plant cells and tissues should provide
alternatives for propagating valuable and endangered
medicinal plants and their metabolites (Murch and
Saxena 2001; Kneifel et al., 2002; Nalawade and Tsay,
2004). In fact, these strategies contribute to the
conservation and the sustainable use of biodiversity.
Tissue culture technologies have been intensively used in
afforestation and plantation programs, but also for plant
improvement and in vifro production of metabolites.
Considering the medicinal plants, the possibility of
exploring bioactive compounds without commercial
harvesting based on wild populations, represent the most
efficient strategy to maintain the natural resources
(Paunescu, 2009; Sharma et al., 2010b, 2011).

As part of our investigations on plant materials with
medicinal interest obtained via tissue culture, the present
study was undertaken to investigate the anti-inflammatory
and antinociceptive potentials of C. spinosa cultured
under in vivo and in vitro conditions and to support the
traditional use of this species.

MATERIALS AND METHODS
Plant

Aerial parts of C. spinosa were collected after fructification at “Morro
do Sampaio”, Rio de Janeiro, Brazil. The species was identified by
Dr. Maria Bernadete Costa e Silva (Herbarium of IPA -Pernambuco,
Brazil), and a voucher specimen (HRJ 7639) is kept at the
Herbarium of Rio de Janeiro State University.

Plant tissue culture
Production and acclimatization of in vitro plants

Shoots obtained through direct organogenesis induced on MS
medium (Murashige and Skoog, 1962) supplemented with 1.0 mg/L
BA were transferred to flasks containing MS medium devoid of
growth regulators (MSO0) for elongation and root induction (Albarello
et al., 2006). Cultures were maintained at 26 + 1°C and 16 h

photoperiod under an irradiance of 45 pmol m?s™ supplied by cool
white fluorescent and Grolux lamps (3:1). Whole plants were
transferred to plastic pots containing a mixture of garden soil and
sand (1:1) covered with plastic cloches for hardening, and were
kept at 28 + 3°C and 12 h photoperiod. During the second week,
the cloches were gradually perforated with a style and were totally
removed after the third week. Plants established under ex vitro
conditions (acclimatized plants (AP)) were used for pharmacological
assays eight weeks from planting.

Callus cultures

Stem segments (5 mm) excised from axenic plants kept on MSO
medium were used as explants. The cultures were incubated at 26
+ 2°C in a culture chamber with 16 h photoperiod. Callus cultures
were established on MS medium supplemented with 1 mg/L 4-
amino-3,5,6-trichloropicolinic acid (picloram, PIC) and sub-cultured
to culture media with the same composition at 4-week intervals.
Calluses produced a lipophilic mass containing B-carotene (LMBC)
that was identified by the absorption spectrum, and through TLC
and HPLC analyses using B-carotene standard (Albarello et al.,
2007). LMBC were aseptically removed and transferred to
Eppendorf tubes for the pharmacological tests.

Chemicals and drugs

Carrageenan, acetic acid, B-carotene, indomethacin, dipyrone,
benzyladenine, and picloram (PIC) were purchased from Sigma-
Aldrich Co., St. Louis, MO, USA. Methanol and ethanol were
obtained from Merck, SP, Brazil. All the chemicals and drugs used
were of analytical grade.

Preparation of plant extracts

Samples of leaves (130 g) and stems (120 g) from plants of natural
growing areas (NP) were fragmented and dried at 45°C for 48 h
yielding 14.3 and 12.9 g, respectively. The same procedure was
performed with leaves (73 g) and stems (82 g) from AP, yielding 8.6
and 8.9 g, respectively. The samples were extracted with MeOH
p.a. for 14 days at room temperature, with agitation on a rotary
shaker (90 rpm). The extracts were filtered and evaporated to
dryness under vacuum to give a semi-solid residue, resulting in 1.0
g (NP leaf), 0.52 g (NP stem), 0.60 g (AP leaf), and 0.33 g (AP
stem). The extracts were stored at 4°C and subsequently diluted in
15% ethanol for use in the pharmacological tests.

Pharmacological procedures
Animals

Experiments were conducted using Swiss Webster (SW) mice of
either sex (25 to 35 g), housed at 26 + 1°C under a 12 h light/dark
cycle and with access to food and water ad libitum until 1 h before
the experiments. Animals were maintained and handled according
to standard procedures. All experiments were performed under the
consent and surveillance of the Biomedical Center Ethics
Committee of the Rio de Janeiro State University for the use of
animals in research.

Anti-inflammatory activity

Anti-inflammatory activity was evaluated using A-carrageenan-
induced paw edema assay (Levy, 1969). Groups of 6 animals were



pre-treated intraperitoneally (i.p.) with methanol extracts (ME) from
NP and AP leaves (1 - 50 mg/kg), NP and AP stems (10 mg/kg) and
LMBC (10 mg/kg). Indomethacin in Na,COs 0.2% (10 mg/kg, i.p.)
was used as reference anti-inflammatory drug and the control group
received only the vehicle (15% ethanol, 10 ml/kg, i.p). One hour
after the treatments, acute inflammation was produced by
subplantar administration of 50 pl of 0.6 g% (w/v) carrageenan
suspension in physiological saline into the right hind paw of each
mouse. The edema was measured immediately prior to the
carrageenan injection and after 1, 3, and 4 h wusing a
plethysmometer (7150 Ugo Basile) and was compared with the
volume of the same paw at the time of carrageenan challenge
(edema index) according to the following formula:

t1- to
El =— %100
to

where to = initial volume of the paw, and t; = final volume of the
paw. The percentage of edema inhibition was calculated in
comparison to the control animals.

Antinociceptive activity

The antinociceptive effect was evaluated by the writhing test as
previously reported by Koster et al. (1959). Abdominal constrictions
were induced by intraperitoneal injection of diluted acetic acid (10
ml/kg, 0.6% v/v). Animals were pre-treated i.p., thirty minutes before
acetic acid injection, with the C. spinosa extracts at 50 mg/kg and
with the standard analgesic drug dipyrone (100 mg/kg, s.c). Control
groups were pre-treated i.p. with NaCl 0.9% (10 ml/kg) or with the
vehicle (15% ethanol, 10 ml/kg). After acetic acid injections, mice
were placed individually in polyethylene boxes (40 x 30 x 25 cm)
and were maintained in a quiet and illuminated room. The number
of resulting writhes was cumulatively counted over a period of 10
min, starting 5 min after the administration of the acetic acid
solution. Antinociceptive activity was expressed as the reduction in
the number of writhes.

Cytotoxicity assay

The evaluation of cytotoxicity was performed using the brine shrimp
(Artemia salina) lethality assay according to Meyer et al. (1982) with
small modifications. Eggs of A. salina were incubated in a hatching
chamber with seawater, at temperatures from 25 + 2°C and natural
illumination. The eggs were hatched within 24 to 48 h producing a
large number of larvae (nauplii). Ten nauplii were transferred with a
Pasteur pipette into vials containing different concentrations of
extracts (0.1, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mg/ml) in 5 ml of
seawater. The experiments were carried out in triplicate and were
repeated twice. Controls were prepared in vials containing only
seawater and the number of survivors was counted 24 h later.

Statistical analysis

The results are reported as the mean + standard error of mean
(SEM). Statistical significance was determined by one-way analysis
of variance (ANOVA) and treatments means were separated using
Dunnett’s test (Graph Pad in Stat, version 3.01), considering P <
0.05.

RESULTS AND DISCUSSION

This is the first study related to anti-inflammatory and

Albarello et al. 1045

antinociceptive effects of extracts from C. spinosa using
the material obtained from natural growing areas and
from plant cell and tissue culture technology. Exploration
of the biosynthetic capabilities of plant material obtained
through in vitro cultures has been carried out for many
scientific groups and promising findings have been
reported for a variety of medicinally valuable substances,
including anti-inflammatory and antinociceptive activities
(Macedo et al., 1999; Catapan et al., 2000; Kuhimann
and Roéhl, 2006; Gyurkovska et al., 2011). The possibility
to control physical and chemical parameters under in
vitro conditions can result in a standardized production of
bioactive compounds (Rao and Ravishankar, 2002;
Vanisree et al., 2004).

The antiedematogenic properties of C. spinosa extracts
were evaluated during the first phase of the carrageenan-
induced edema 2 to 4 h after injection. The time course of
the inflammatory process showed the edema peak at 3 h.
Reduction of carrageenan-induced edema by leaf
extracts from both NP and AP was similar to that
observed in response to the standard drug indomethacin
(Figure 1). Then, leaf extracts from NP and AP were
tested in order to determine the most effective
concentration to reduce the inflammatory response. A
significant decrease (P < 0.01) of edema was observed in
extracts from both origins at concentrations between 10
and 50 mg/kg. This effect was not significantly different
from that caused by indomethacin at 10 mg/kg (Figure 2).
Based on these results, the concentration of 10 mg/kg
was chosen for further studies on the anti-inflammatory
activity. On the other hand, no significant reduction of the
edema peak was observed when using stem extracts
from both NP and AP or LMBC after the same period
(Figure 3). Carrageenan-induced edema has been
frequently used as an experimental model for acute
inflammation. It evokes a potent local acute response
(Levy, 1969) with a biphasic profile (Henriques et al.,
1987) and is mainly mediated by histamine, serotonin,
and prostaglandins (Perazzo et al., 2005).

In the present study, from the values observed during
edema formation, it appears that C. spinosa leaves are
more efficient in inhibiting the mediators involved in the
anti-inflammatory process. This activity was also
observed from leaf extracts in other species of the genus
Cleome. Bouriche et al. (2003) reported the efficiency of
leaf extracts from Cleome arabica to inhibited paw edema
formation in a dose-dependent manner. Moreover, these
authors found that the extract was beneficial for the
treatment of inflammatory conditions, particularly those
characterized by excessive leukotriene generation
(Bouriche et al., 2005). Anti-inflammatory activity was
also reported for the leaf extracts of Cleome gynandra
(Narendhirakannan et al., 2005) and extracts of aerial
parts of C. rutidosperma (Bose et al., 2007). However,
leaf extracts from C. spinosa significantly inhibit the paw
edema at low concentration (10 mg/kg) when compared
with other Cleome species (Bouriche et al., 2003; Bose et
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Figure 1. Time course effect of extracts from C. spinosa on
carrageenan-induced mouse paw edema. ME-NP, ME-AP,
and lipophilic mass containing beta-carotene produced from
callus culture (LMBC) were evaluated at 10 mg/kg (i.p.)-
Control group received the vehicle (15% ethanol).
Indomethacin (10 mg/kg, i.p.) was used as standard drug.
Paw volumes were measured plethysmographically before
and 1, 3, and 4 h after intraplantar carrageenan injection (50
ul of 0.6 g%). Each point represents the edema in relation to
the same paw at to. *P < 0.01 versus control group.
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Figure 2. Effect of methanol extracts of leaves from C. spinosa on carrageenan-
induced mouse paw edema. Extracts obtained from the natural growing areas
(NP) and from acclimatized plants (AP) were tested at different doses (i.p).
Indomethacin (Ind) at 10 mg/kg, i.p. was used as standard drug. Each point
represents the inhibition index at 3 h in relation to control group (vehicle). *P <
0.01 (Dunnett’s post-hoc test) was calculated from de edema of each group
versus mean of control group.
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Figure 3. Comparison of the inhibition effect of extracts from C. spinosa on
carrageenan-induced mouse paws edema. Methanol extracts obtained from plants
of natural growing areas (NP) and from acclimatized plants (AP), as well as the
lipophilic mass containing B-carotene produced from callus culture (LMBC) were
evaluated at 10 mg/kg (i.p). Indomethacin (Ind) at 10 mg/kg, i.p. was used as
standard drug. Each point represents the inhibition index in relation to control
group (vehicle) at 3 h. *P < 0.01 versus control group (Dunnett’s post-hoc test).

al., 2007).

The anti-inflammatory properties of plant extracts are
associated to diverse bioactive substances, however,
several phytochemical studies have shown that phenolic
compounds present antioxidant properties and play an
important role in the prevention of various pathological
conditions and chronic diseases associated with oxidative
stress, including inflammatory processes (Khansari et al.,
2009; Oskoueian et al., 2011; Singab et al., 2011).
Recent studies on the genus Cleome have reported anti-
inflammatory activity of coumarino-lignoids from Cleome
viscosa (Sharma et al, 2010a), and antioxidant
properties were detected on C. spinosa extracts, which
were considered a rich source of flavonoids (Leal et al.,
2007).

A significant antinociceptive effect was observed in
extracts from leaves and stems of NP, leaves of AP, and
LMBC at 50 mg/kg. These materials were as effective as
dipyrone at 100 mg/kg (Figure 4). Although, leaf extracts
of AP presented similar effects when compared with
dipyrone, these extracts were less effective to reduce the
number of writhes, when compared with leaf extracts
from NP, indicating that the micropropagation process
might cause a reduction on the synthesis of
antinociceptive compounds. The most significant
reduction on the number of writhes (68%) was achieved
in response to extracts from stem of NP, and to LMBC.
The results obtained with LMBC are particularly
important, since metabolites with medicinal interest can

be provided continuously on callus cultures.

Analgesic activity has also been reported for other
species of Cleome. The effect of ME of C. viscosa in
acetic acid-induced writhing test resulted in a significant
and dose-dependent analgesic activity, showing 64% of
writhing inhibition in the highest concentration tested (400
mg/kg) (Parimaladevi et al., 2003). Similar responses
were observed with ethanol extracts of aerial parts of
Cleome rutidosperma when animals were treated orally
with 200 and 400 mg/kg (Bose et al., 2007). These
results demonstrate that the extracts of C. spinosa
presented a higher analgesic activity when compares
with the other Cleome spp., once they reached similar
wrighting inhibition at low concentration (50 mg/kg). The
brine shrimp (A. salina) lethality assay was adopted for
determining toxicity of C. spinosa extracts. This assay is
a useful tool to evaluated toxicity of medicinal plants due
to its quickness, simplicity, commercial availability, lack of
animal use, and therefore, low cost (Meyer et al., 1982).
The effectiveness of this method was studied by Parra et
al. (2001) in comparison with in vivo methodologies in
order to determine oral acute toxicity of 20 plant extracts,
resulting in a good correlation (r = 0.85 P < 0.05)
between them. The extracts of C. spinosa were evaluated
at different concentrations until 3 mg/ml. The results
showed that toxicity activity of the extracts was very low,
since the rate of mortality reached by the highest extracts
concentration tested against A. salina larvae ranged
between 15 to 30%. According to Meyer et al. (1982),
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Figure 4. Antinociceptive effect of the C. spinosa extracts (50 mg/kg) propagated under in vivo (NP)
and in vitro (AP) conditions on the acetic acid-induced writhing in mice. Dipyrone at 100 mg/kg, s.c.
was used as standard drug. *P < 0.05 versus control (saline) or vehicle (ethanol 5%).

plant extracts that present median lethal concentration
higher than 1 mg/ml are considered non-toxic. Therefore,
they can be classified as biologically safety compounds
with pharmaceutical properties. Some other studies have
shown the low toxicity of bioactive plant extracts against
A. salina (Lachumy et al., 2010; Taviano et al., 2011).

Conclusively, this work indicated that ME from leaves
of field-grown and in vitro cultured plants have potent
anti-inflammatory and analgesic activities. Stem extracts
from field-grown plants and the lipophilic material
containing beta carotene produced from callus cultures
(LMBC) also displayed analgesic activity. These results
demonstrate the significance of biotechnological methods
in the study of medicinal plants, since pharmacological
activities found on different materials obtained from C.
spinosa validated the application of tissue culture
technology for the production of plants and useful
compounds of the species. Furthermore, our results
scientifically support the therapeutic use of the species in
folk medicine.

Further research would be of interest to elucidate the
mechanism of anti-inflammatory, analgesic and protective
effects found, and studies using fractionated samples
must be carried out to determine the metabolites
correlated with these pharmacological activities.
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Murashige and Skoog’s medium; MSO0, growth regulator-
free MS medium; BA, benzyladenine; PIC, 4-amino-
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