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Abstract: Phyllanthus niruri L., Euphorbiaceae, spray-dried standardized extract was
studied for its anti-inflammatory and antinociceptive activities in adult albino rats and
mice. The anti-inflammatory effect of spray-dried standardized extract was observed in
carrageenan-induced paw edema and thioglycolate-induced leukocyte migration, while
antinociceptive effects were observed using Randall & Selitto, tail flick, and hot plate
tests. This study showed that intraperitoneal spray-dried standardized extract at 100,
200, 800, or 1600 mg/kg reduced the vascular response in the inflammatory process
of paw edema induced by 1% carrageenan. Oral spray-dried standardized extract at
100 or 200 mg/kg inhibited leukocyte migration to the site of inflammation induced
by 3% thioglycolate. In rats, at 100 and 200 mg/kg intraperitoneally, the extract
exhibited a marked peripheral analgesic effect in a Randall & Selitto assay and showed
significant central analgesic activity in a hot plate and tail flick assay. In conclusion,
this study suggested that Phyllanthus niruri spray-dried standardized extract has potent
inflammatory and antinociceptive activities and that these activities are not modified
by standard drying process, making it feasible to use the dry extract standardized to
obtain a phytotherapic preparation and thus validating its use for the treatment of pain
and inflammation disorders.

B (Calixto et al., 1995). Phytochemicals isolates of P.
niruri exhibit different structural characteristics with

Phyllanthus niruriL.,Euphorbiaceae,popularly
known as “stonebreaker,” is a small plant widely
distributed throughout the tropical and subtropical
regions of various countries, including Brazil. Due to
its impressive preclinical therapeutic potential, extracts
of species of the genus Phyllanthus have been evaluated
to treat hypertension, jaundice, diabetes, hypercalciuria,
urolithiasis, intestinal infections, diabetes, and hepatitis
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various pharmacological actions. For example, lignans
have excellent hepatoprotective (Chang et al., 2003;
Yan et al., 2009) and anti-viral properties (Gnabre et al.,
1996), whereas terpenes exhibit anti-microbial activities
(Popova et al., 2009). Flavonoids from Phyllanthus
niruri have been shown to have anti-oxidant (Hayashi et
al., 2012), antileishmanial (Muzitano et al., 2006), and
anti-inflammatory properties (Guardia et al., 2001).
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P amarus, P. orbiculatus, P. fraternus, P.
stipulates and P. niruri have long-lasting antinociceptive
properties when tested in nociceptive models such as acetic
acid-induced abdominal contortions, and formalin and
capsaicin-induced paw-licking; however, the underlying
mechanisms of their analgesic effects remain unknown
(Santos et al., 1995, Santos et al., 2000). Several bioactive
molecules such as lignans, phyllanthin, hypophyllanthin,
flavonoids and tannins have been found in P niruri
(Rajeshkumar et al., 2002).

Acute toxicity studies of aqueous leaf extracts
of P. niruri found an LD50 greater than 5000 mg/kg
b.w. with no adverse effect of this dose after a single
administration (Asare et al., 2011). Cytotoxicity and
genotoxicity studies confirmed that P. niruiri extract
is generally nontoxic for acute oral administration of P.
niruri whole plant extract in mice, at 300 mg/kg body
weight (Asare et al., 2012).

Regarding the advantages of solid dosage
forms such as content uniformity, stability and the
production possibilities; several authors has studied
the development of herbal dried products. However,
the drier process can provide chemical instabilities
and/or pharmacological inactivation (De Souza et al.,
2006; Soares et al., 2003). Therefore, in view of the
standardization process for obtaining of Phyllanthus
niruri spray-dried extract, the aim of this study was to
evaluate, using animal models of inflammation and pain,
if the activities anti-inflammatory and antinociceptive
this plant, are not inactivated by standard drying
process.

Materials and Methods
Plant material

The aerial parts of Phyllanthus niruri
L., Euphorbiaceae, were supplied by the ‘Centro
Pluridisciplinar de Pesquisas Quimicas e Bioldgicas
from the Campinas State University, Brazil. The plant
was dried at 40 °C for a week in an air oven. Separated
leaves and branches were reduced in a knife mill
(Retsch SK1). A voucher specimen is deposited at the
Herbarium of the Federal University of Rio Grande do
Sul under number ICN 111765.

Dry product preparation

The dried and ground aerial parts from P. niruri
were used to prepare aqueous extracts by decoction,
using raw material in distilled water (7.5%; w/v).
The aqueous extract was dried using a Niro Atomizer
Production Minor spray drier to obtain the dried product
(SDEPN). Colloidal silicon dioxide (Aerosil®200) was
used as a drying agent at 30% (w/w) based on the dry

residue of the extracted solution. The SDEPN was
standardized as 12.33 mg/g of gallic acid by HPLC, for
De Souza et al., 2006 and as 99.4 mg/g total flavonoids
by UV/VIS for Soares et al. (2003).

Animals

Mus musculus Swiss male mice (18-30 g),
and Rattus norvegicus albinus Wistar rats (150-350 g)
were obtained from the breeding colony of the Federal
University of Rio Grande do Norte. Animals were held
in a temperature-controlled room at 25+2 °C in 12 h
light-12 h dark cycles, with ad libitum access to food
and water. They received only water for 12 h before
each experiment. All efforts were made to minimize
discomfort and the number of animals used. Animal
care and research protocols were based on principles
and guidelines approved by the Guide for the Care and
Use of Laboratory Animals (NIH publication No: 85-23,
revised in 1985) and the protocols used were previously
approved by the local Animal Ethics Committee.

Carrageenan-induced paw edema

Male mice (n=6) were treated with PnSDE
(100, 200, 800, 1600 mg/kg, i.p.). After 60 min an acute
inflammatory process was induced in the subplantar
region of the right paw with carrageenan (1% w/v, 50
pL). The positive control group (n=6) received a sterile
saline solution (5 mL/kg, i.p.) before induction of the
inflammatory process, while the negative control group
(n=6) received only intraperitoneal saline solution
injection without inflammatory induction. The standard
group (n=6) was treated with diclofenac sodium (100
mg/kg, i.p.) before inflammation induction. After 4 h,
paw volume was measured with an analytical balance
(as described by Freire et al., 2003) and the weight
difference between right and left paws indicated the
degree of inflammation.

Leukocyte migration

The leukocyte migration test was conducted
in mice as previously described (Ribeiro et al., 1991).
Test group animals (n=6) received the PnSDE (100
or 200 mg/kg) orally, 60 min before induction of
inflammation by thioglycolate (3% w/v, 100 pL) into
the peritoneal cavity. The standard group was treated
with dexamethasone (0.7 mg/kg) subcutaneous, 60 min
before induction of inflammation. The positive control
group received sterile saline solution (5 mL/kg, i.p.), 60
min before induction of inflammation by thioglycolate.
The negative control group received only saline (5 mL/
kg, i.p.). Thioglycolate was injected into the peritoneal
cavities, 60 min after administration of the substances,
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and leukocyte migration was evaluated 4 h after the
stimulus. Animals were sacrificed and peritoneal cavity
cells were harvested with 3 mL of PBS. The number of
total cells was counted in a Neubauer chamber. Results
were expressed as number of neutrophils/cavity.

Randall Selitto assay

The pain threshold of the inflamed, edematous
right hind paw of the rats subjected to constant force was
examined by the Randall Selitto assay (1957). Initially,
animals (male Wistar rats, n=6) received an intraplantar
injection of carrageenan (1% w/v, 0.1 mL) in sterile
saline solution. After 60 min of inflammation induction,
100 or 200 mg/kg of PnSDE was administered in the
test groups while the saline solution (5 mL/kg, p.o.) was
given to the control group and diclofenac sodium (100
mg/kg, i.p.) was administered to the standard group. At
1, 3, and 4 h, pressure was applied to the inflamed paw
using an analgesiometer (model EFF 440, Insight Brazil),
generating linearly increasing force, until the animal
produced a response characterized by removal of the paw,
interpreted as mechanical hypernociception.

Tail flick test

The tail flick test (Analgesiometer model EFF
300, Insight Brazil) was performed as described by
Kuraishi et al. (1983), with slight modifications. Room
temperature was maintained at 23+2 °C. Animals
(male Wistar rats, n=6) were placed with the tail over
a metal filament where radiant heat was applied using
a flick unit. The time before the tail was removed from
the metal filament was recorded. Two readings were
taken every 30 min. The first determine the animal’s
adaptation to the apparatus; the second was used to rule
out animals with a baseline latency of over 15 s. The
test group received PnSDE (100 or 200 mg/kg, i.p.),
the standard group received morphine (5 mg/kg, i.p.),
and the control group received saline solution (5 mL/
kg, i.p.) after the second reading, and latency time to
withdraw the tail from the metal filament was recorded
at 0.5, 3, 4, and 5 h after substance administration.

Hot plate test

The hot plate test used in this study was
as described by Kuraishi et al. (1983), with slight
modifications. A hot plate (model EFF 361, Insight
Brazil) was used to determine the analgesic effect of
morphine (5 mg/kg, i.p.) or PnSDE (100 and 200 mg/
kg, i.p.). Plate temperature was maintained at 5+1
°C. Male mice (n=6) were placed individually onto
the hot plate to obtain a nociceptive response to the
radiant heat. Paw licking or jumping was interpreted
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as a nociceptive response to thermal stimulation. The
time before the animal licked its paws or jumped was
recorded (response time). Two readings were taken
every 30 min. The first reading was determined the
animal’s adaptation to the apparatus and the second was
used to exclude animals with a baseline latency of over
15 s. The test group received PnSDE (100 or 200 mg/
kg, i.p.), the standard group received morphine (5 mg/
kg, i.p.), and the control group received saline solution
(5 mL/kg, i.p.) after the second reading. Response time
was recorded at 0.5, 2, and 3 h.

Statistical analysis

Control group data were treated as basal values.
All experimental data were recorded as meantSEM.
Results were statistically evaluated by one-way analysis
of variance (ANOVA) and using Student’s #-test. The level
of statistical significance was p<0.05. The analysis of
results and construction of graphs were performed using
GraphPad Prism version 5.04.

Results

Carrageenan-induced paw edema and leukocyte
migration inhibition

As shown in Figure 1, PnSDE at doses of
100, 200, 800, or 1600 mg/kg significantly inhibited
carrageena-induced edema (p<0.001, p<0.001, p<0.01
and p<0.001, respectively), compared to the positive
control group (carrageena-1% w/v, 50 pL). The
animals that received diclofenac (100 mg/kg) showed
a significant reduction in edema production compared
to the positive control group (p<0.001). As shown in
Figure 2, pretreatment with PnSDE at doses of 100 or
200 mg/kg inhibited leukocyte migration compared to
the positive control group (p<0.001).

0.020+

0.0154 fazs

Increase of paw’s edema weight

WO
o o PnSDE (mg/kg)

Figure 1. Effects of Phyllanthus niruri spray-dried
standardized extract (PnSDE) on the carrageenan-induced
paw edema. ANOVA and Student’s t-test were used. *p<0.05,

#4p<0.01, **%p<0.001.
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Figure 2. Effects of Phyllanthus niruri spray-dried standardized
extract (PnSDE) on the treatment of thioglycolate-induced
neutrophil migration to peritoneal cavity. ANOVA and Student’s
t-test were used. *p<0.05, **p<0.01, ***p<0.001.

Randall and Selitto test

As shown in Figure 3, PnSDE induced a strong
peripheral analgesic effect compared to the positive
control group at administered doses or 100 or 200 mg/
kg after 1 (p<0.001 and p<0.05, respectively) 3, and 4 h
(»<0.001). The standard group, which received diclofenac
(100 mg/kg), provoked an analgesic activity compared to
the control group, at 1 (»p<0.01), 3, and 4 h (p<0.001) after
drug administration.
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Figure 3. Effects of Phyllanthus niruri spray-dried

standardized extract (PnSDE) on the Randall & Selitto test.
ANOVA and Student’s t-test were used. *p<0.05, **p<0.01,
**%p<0.001.

Tail flick test

Compared to the control group, 100 mg/kg of
PnSDE exhibited significant central analgesic activity
after 0.5 and 5 h (p<0.001), and 3 and 4 h (p<0.01).
Administration of 200 mg/kg of PnSDE provoked
analgesic activity after 0.5, 3, 4, and 5 h (p<0.05)
compared to the control group. The standard group,
which received 5 mg/kg of morphine, showed strong

analgesic activity compared to the control group, 0.5
(p<0.001) at 3, 4, and 5 h (p<0.05) after administration
(Figure 4).
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Figure 4. Effects of Phyllanthus niruri spray-dried
standardized extract (PnSDE) on the tail flick test. ANOVA
and Student’s t-test were used. *p<0.05, **p<0.01,
**%p<0.001.

Hot plate test

Administration of 100 mg/kg PnSDE induced
central analgesic activity at 0.5 (p<0.05), 2 (p<0.05),
and 3 h (p<0.05) compared to the control group.
Administration of 200 mg/kg of PnSDE provoked
a strong analgesic activity after 0.5 h (p<0.05), 2 h
(p<0.01) and 3 h (p<0.05) compared to the control
group. The standard group, which received 5 mg/kg of
morphine, exhibited analgesic activity compared to the
control groupat 0.5 h (»p<0.01), 2 h (p<0.05), and 3 h
(p<0.01) after administration (Figure 5).
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Figure 5. Effects of Phyllanthus niruri spray-dried

standardized extract (PnSDE) on a hot plate test. ANOVA and
Student’s t-test were used. *p<0.05, **p<0.01, ***p<0.001.

Discussion

This study try established a scientific basis for
the use of the Phyllanthus niruri L., Euphorbiaceae, spray-
dried standardized extract, with the aim of evaluate, using
animal models of inflammation and pain, if the activities
anti-inflammatory and antinociceptive are not inactivated
by standard drying process.

Actually, dried extract are often used as
therapeutically active material in the manufacture
of phytopharmaceuticals. Several advantages are
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attributed to this procedure of extract manufacture such
as, chemical and physical stabilities; ease to handle, and
use as intermediary to produce solid dosage forms such
as capsules and tablets (De Souza et al., 2006; Soares et
al., 2003). The assessment of stability of such extracts
plays an important role on the product effectiveness.
The chemical analysis is the procedure of choice to
evaluate the stability of pharmaceutical products.
However, unlike synthetic drugs, the pharmacological
activity from herbal drugs or Phytopharmaceuticals is a
result of joint action of a group of substances, and can
be affected by transformations procedures of the raw
material (Weerakkody et al., 2011; Wagner, 2011).

This study showed that administration
of PnSDE produced consistent anti-inflammatory
and antinociceptive effects in different models of
inflammation and pain. The anti-inflammatory effect
of PnSDE was observed in carrageenan-induced paw
edema and thioglycolate-induced leukocyte migration,
while antinociceptive effects were observed using
(Randall & Selitto), tail flick, and hot plate tests.

The subcutaneous administration of
carrageenan provokes an acute and progressive increase
in the mouse paw volume in response to the production
of diverse inflammatory mediators. This edema,
which is proportional to the intensity of the response
to inflammation, is a useful parameter for evaluating
anti-inflammatory activity in new compounds.
Experimental data obtained in the paw edema test must
be compared with data from another anti-inflammatory
activity assessment model, considering that vasoactive
substances devoid of anti-inflammatory effects may
interfere with this process (Di Rosa et al., 1971).

The method of leukocyte migration is an
acute inflammation model frequently used in studies
of new anti-inflammatory drugs, in which leukocyte
migration to the inflammation site occurs. Quantifying
this migration enables the evaluation of new drugs that
could interfere with the inflammatory process (Ribeiro
et al., 1991). This method was chosen for this study
since it is the most prominent experimental model
used to evaluate anti-inflammatory effects of natural
products in the search for new drugs (Sugishita et al.,
1981; Posadas et al., 2003).

In carrageenan-induced paw edema, PnSDE
at doses of 100, 200, 800, or 1600 mg/kg injected
intraperitoneally,  evoked  considerable edema
reduction, suggesting that PnSDE inhibited different
chemical inflammation mediators. This finding
was comparable to that obtained for drugs such as
dexamethasone and diclofenac, which are widely used
for anti-inflammatory purposes. Confirming the anti-
inflammatory action of PnSDE, leukocyte migration to
the peritoneal cavity was greatly reduced with 100 and
200 mg/kg of extract. Inhibition of leukocyte migration
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in inflammation models is considered a strong indicator
of anti-inflammatory activity (Faurschou & Borregaard,
2003).

Many methods for assessing central
antinociceptive and peripheral activity in animals have
been used. These involve the application of painful
stimuli to observe animal response time. Thus, we
observed the ability of PnSDE to eliminate or reduce
pain intensity or delay the stimulus response. Randall
& Selitto (1957), tail flick and hot plate tests are used
to evaluate the level of peripheral and central action of
analgesic drugs.

In the Randall & Selitto (1957) method, pain
is caused by the production of inflammatory mediators
induced by intraplantar carrageenan injections and
intensified by mechanic pressure exerted by an
analgesiometer. In the tail flick and hot plate methods,
pain is mediated by central mechanisms, where
nociceptive stimuli trigger spinal reflexes (Archana
et al., 2005). The tail flick method allows collection
of information on the mechanism and location of the
antinociceptive activity detected, since the tail flick
reflex is spinally integrated (Gianni et al., 2007).

In the Randall & Selitto (1957) test, after
administration of PnSDE at doses of 100 mg/kg and 200
mg/kg, peripheral analgesic activity with an increased
nociceptor threshold to painful stimuli compared to the
control group was observed. These results were similar
to those obtained with the diclofenac, a widely used
analgesic. In the tail flick and hot plate methods, PnSDE
at doses of 100 and 200 mg/kg showed significant
central analgesic activity compared to the control
group, as evidenced by an increase in response time
to thermal stimulus. These results were comparable
and even higher than those obtained with morphine, a
standard, widely used drug.

Studies performed by members of our group
found that PnSDE is rich in phenolic compounds,
especially flavonoids (Soares et al., 2003; De Souza
et al., 2002). These compounds exhibit known
pharmacological activities, such as anti-inflammatory
and antinociceptive (Ramesh et al., 1998; Toker et al.,
2004; Kupeli & Yesilada, 2007; Aquilaetal.,2009; Dong
etal., 2010); antioxidant and cytotoxic effects (Heim et
al., 2002; Susant et al., 2007; Dong et al., 2010). Thus,
pharmacological activities displayed by PnSDE seem
to be related to the presence of flavonoids, especially
quercetin (Soares et al., 2003). Many flavonoids have
been studied for their anti-inflammatory activities in
various experimental models, both in vitro and in vivo.

In conclusion, this study suggested that
Phyllanthus niruri spray-dried standardized extract
(PnSDE), has potent inflammatory and antinociceptive
activities and that these activities are not modified
by standard drying process, making it feasible to use
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the dry extract standardized to obtain a phytotherapic
preparation and thus validating its use for the treatment
of pain and inflammation disorders.
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