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Abstract: The anti-inflammatory and antiallodynic effects of spray dried powders  
starting from leaves, stems, roots, the mixture of leaves and stems, as well as the 
whole plant aqueous solutions of Phyllanthus niruri L., Phyllanthaceae, were 
assessed. Gallic acid, used as chemical marker, was quantified by HPLC in the 
spray dried powders. Carrageenan-induced inflammatory and allodynic responses in 
the mouse paw were used as pharmacological models. Quantitative and qualitative 
differences among chemical composition of different herb parts were observed. 
The oral administration of leaves or leaves plus stems spray dried powders (100 
mg/kg) significantly inhibited the carrageenan-induced allodynic effect (42±5 and 
54±3%, respectively). Additionally, the spray dried powders of leaves significantly 
reduced carrageenan-induced paw oedema (35±6%). The spray dried powders of 
roots, stems, or the mixture of leaves, stems and roots (100 mg/kg, p.o.) did not 
exhibit antiallodynic or antioedematogenic effect in the same model. In conclusion, 
differences in the chemical composition of spray dried powders from P. niruri are 
reflected in their in vivo pharmacological actions. Despite of a direct relationship 
of anti-inflammatory and antiallodynic effects with the gallic acid content had been 
observed, especially in the spray dried powders of leaves, the use of spray dried 
powders of leaves plus stems showed to be more effective, suggesting a synergic 
effect between their constituents. 
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Introduction

 Phyllanthus niruri L., Phyllanthaceae, is a 
little shrub found both in tropical and subtropical 
countries. Several species from this genus are used 
worldwide in folk medicine for diverse therapeutic 
purposes. Pre-clinical pharmacological studies carried 
out with extracts and purified compounds from 
Phyllanthus species support most of their reported uses 
in folk medicine (Calixto et al., 1998). The popular 
uses of Phyllanthus species reported the treatment 
of dysentery, gonorrhea, urinary discharges, kidney 
and bladder stones (Unander et al., 1995). Besides its 
traditional use, other pharmacological properties were 
also investigated such as hypoglycemic (Hukeri et al., 

1988; Navarro et al., 2004), anti-hepatotoxic (Prakash 
et al., 1995; Naaz et al., 2007), antimalarial (Tona et 
al., 1999), antinociceptive (Santos et al., 1995), anti-
inflammatory (Kassuya et al., 2003, 2005, 2006), 
antiviral (Ogata et al., 1992; Qian-Cutrone et al., 1996), 
hypolipidemic (Khanna et al., 2002), antihyperuricemic 
(Murugaiyah & Chan, 2009) and as wound healing 
(Shanbhag et al., 2010). 
 Most pharmacological properties for P. 
niruri have been reported using the whole plant, 
since Phyllanthus species are commonly small 
herbs and they are employed in this manner in folk 
medicine, and several actives constituents that have 
been identified and isolated from P. niruri, such as 
flavonoids, alkaloids, terpenes and lignans (Calixto et 
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al., 1998; Kassuya et al., 2003, 2005, 2006). However, 
the Brazilian Pharmacopoea Comission published a 
Monograph describing the aerial parts as the official 
drug (Farmacopéia Brasileira, 2003) and gallic acid as 
one of its chemical markers. 
 Gallic acid has been successfully used as a 
chemical marker for the quality control of aqueous extracts 
of P. niruri, through a validated method using HPLC (De 
Souza et al., 2002). Taking into account the best stability 
and the highest technological value of the spray dried 
powder derivative, which was earlier reported by Soares 
(1997) and Soares et al. (1998), this type of herb extract has 
been studied as an intermediate product for granulation, 
tableting and coating technologies (Couto et al., 2001; De 
Souza et al., 2007; 2009a,b; Spaniol et al., 2009). 
 Considering that aqueous infusions of P. niruri 
whole plant are reported by traditional medicine (Navarro 
et al., 2004; Sumathi & Parvathi, 2010), as well as the 
best quality usually associated to a spray dried product, 
in the present study it was attempted to evaluate the anti-
inflammatory and antiallodynic properties of aqueous 
spray dried powders derived from leaves, stems, roots, 
aerial parts and whole plant aqueous solutions. 

Material and Methods

Chemicals, drugs and reagents 

 Colloidal silicon dioxide (Aerosil 200®) were 
purchased from Evonik-Degussa (São Paulo, Brazil); 
acetonitrile (HPLC grade), phosphoric acid and gallic 
acid (R. Ph. Eur.) were obtained from Merck (São 
Paulo, Brazil); water was obtained from Milli-Q system 
(Millipore, USA) with resistivity above 18.0 Ω.m. 
Carrageenan, dexamethasone, phosphate buffered saline 
(PBS), hexadecyltrimethyl ammonium bromide (HTAB), 
N,N-dimethylformamide and 3,3,3 tetramethylbenzidine 
(TMB) were purchased from Sigma (St. Louis, USA); 
hydrogen peroxide (H2O2) and anhydrous sodium acetate 
was obtained from Vetec (Rio de Janeiro, Brazil) and 
Tween 80® was purchased from Labsynth (São Paulo, 
Brazil).

Plant material

 The separated leaves, stems and roots of 
Phyllanthus niruri L., Phyllanthaceae, were purchased 
from Quimer Ltda (São Paulo, Brazil), dried at 40 oC for 
a week in an air oven and reduced in a knife mill (Retsch 
SK1). A voucher specimen (ICN 111765) of P. niruri is 
deposited in the herbarium of the UFRGS Botanical 
Department. 

Spray dried powders (SDP)

 Dried and ground leaves (L), stems (S), roots 
(R), leaves plus stems (L+S) or the whole plant (L+S+R) 
from P. niruri L. were used as starting materials for 
aqueous extraction (7.5% w/v) by decoction for 15 min 
under reflux (Soares et al., 1998). After cooling, the 
extract was pressed (Hafico 5L, Germany) and filtered 
under vacuum. Each solution plus 30% (w/w) colloidal 
silicon dioxide in relation to its dried residue (1.97, 
0.85, 0.56, 1.60 and 1.10% from L, S, R, L+S and 
L+S+R solutions, respectively) was spray dried using 
a Mini-spray Dryer (Büchi 190, Flawil, Switzerland) 
with two components nozzle and co-current flow, 
nozzle aperture of 0.7 mm, spraying pressure of 200 
kPa, flow of 3 mL/min, inlet temperature of 145±2 oC 
and outlet temperature of 105±2 oC (Soares, 1997).

HPLC analysis 

 The analysis was concluded using a Shimadzu 
(Kyoto, Japan) liquid chromatograph equipped with a 
pump (LC-10AD), a gradient controller (FCV-10AL), 
an auto sampler (SIL-10A) and a UV/VIS detector 
(SPD-10A), controlled by CLASS LC-10 software. 
The column was a RP-18 LiChrospher 250 x 4 mm i.d., 
5 μm particle diameter (Merck, Darmstadt, Germany). 
A pre-column Shimadzu (10 x 4 mm i.d.) packed with 
Bondapak C18 125 Å (Waters, Milford, USA) was 
employed. The chromatographic separation was carried 
out using a mobile phase with phosphoric acid 1% 
(w/w) as solvent A and acetonitrile:phosphoric acid 1% 
(w/w) (50:50 (v/v)) as solvent B at a flow rate of 0.6 
mL/min. The gradient program was as follows: 22-24% 
B (7 min), 24-40% B (10 min), 40-100% B (8 min), 
100-22% B (15 min). The peaks were detected at 275 
nm and identified by comparison of the retention time 
with standard gallic acid (De Souza et al., 2002).
 Gallic acid was dissolved in acetonitrile:water 
(20:80 v/v) to produce concentrations and filtered 
through 0.45 μm membrane (Millipore, Bedford, USA) 
prior to injection. The calibration curve was fitted by 
linear regression.
 Amounts of 116.30, 426.78, 726.87, 94.59 and 
65.43 mg of L, S, R, L+S and L+S+R SDP respectively 
were weighed and dissolved in 100 mL of distilled 
water. The assay samples were prepared diluting 3 mL 
of each SDP solution to 25 mL with acetonitrile:water 
(20:80 v/v). Each sample (20 μL) was injected three 
times.
 The concentration of gallic acid in the SDP 
(CGASDP) was calculated using equation 1:

  
   

mL)(mgC
DFmLgC=mggC

SDP

GA
GASDP /

// μμ

 
     (1)

where CGA is gallic acid concentration from the 

mg GA mL DF
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calibration curve, DF is the dilution factor (833.33) and 
CSDP is the concentration of each SDP in the sample.

Pharmacological studies

 Animals

 Male Swiss mice (25-35 g) were kept in 
chambers with controlled temperature (22±1 oC), under 
a 12 h light-dark cycle (lights on at 6:00 am), humidity 
60-80% and free access to food and water. The studies 
were carried out in accordance with the demands of the 
Ethical Committee for Animal Experimentation of the 
Federal University of Santa Catarina (263/CEUA).

 Drug and extract administration

 Animals received oral administration of 
SDP extract (100 mg/kg) 1 h before or subcutaneous 
injection of dexamethasone 4 h before carrageenan 
injection. Control animals were treated with 30% of 
Aerosil 200® in saline (10 mL/kg, p.o.). 

 Induction and measurement of paw oedema

 Mice were injected intraplantarly (50 μL) 
with carrageenan (1%) into the right hind paw. The 
contralateral paw was injected with 50 μL of sterile 
phosphate buffered saline (PBS) and was used as control. 
Paw oedema development was measured at different 
time intervals (3, 4, 8, and 24 h) by plethysmometry 
(Ferreira, 1979; Henriques et al., 1987), in a digital 
plethysmometer (Ugo Basile, Comerio, Italy). The 
difference between the right and left paws was 
quantified as oedema volume (μL).

 Myeloperoxidase activity

 Neutrophil infiltration into the mouse plantar 
tissue was evaluated indirectly by measuring the 
myeloperoxidase activity (MPO) (De Young et al., 1989; 
Kassuya et al., 2003). Briefly, 4 h after carrageenan 
injection, the subcutaneous tissue of the injected paws 
was removed and homogenized in 5% (w/v) of 80 mM 
phosphate buffer (pH 5.4) containing 0.5% HTAB. The 
homogenate was centrifuged at 12,000 × g and 4 oC 
for 20 min. Aliquots (30 μL) of each supernatant were 
mixed with 100 μL of phosphate buffer 80 mM, 85 μL 
of phosphate buffer 0.22 M and 15 μL of 0.017% H2O2 
in a 96-well plate. The reaction was triggered with 20 
μL of TMB (dissolved in dimethylformamide). The 
plate was kept at 37 oC for 3 min, after it was put on 
ice and the reaction was stopped by adding 30 μL of 
sodium acetate 1.46 M (pH 3.0). The enzymatic activity 
was determined by measuring the optical density at 630 

nm and was expressed as mOD/mg of protein in the 
sample.

 Carrageenan-induced mechanical allodynia

 Mechanical allodynia was measured by using 
0.4 g von Frey filaments which produces a response 
frequency of about 15%. Mice were further acclimatized 
in individual clear Plexiglas boxes on an elevated wire 
mesh platform to allow the access to the ventral surface 
of the hind paws. The frequency of withdrawal was 
determined before and after carrageenan (1%) injection 
at appropriate time points. In order to obtain data 
purely derived from the treatments on the allodynia 
induced by carrageenan, the maximal inhibition (MI) 
values were calculated as the difference between the 
basal values of vehicle or drug-treated animals and its 
respective controls (Kassuya et al., 2003).

 Data analysis

 Results are expressed as the mean±SD or 
SEM. The statistical difference between groups were 
determined by analysis of variance (ANOVA) followed 
by Student-Newman-Keul´s, Dunnett’s multiple 
comparison tests, or by means of Student’s t-test when 
appropriate. Statistical significance was defined as 
p<0.05. 

Results and discussion

 The previous developed HPLC method for 
aqueous extracts of Phyllanthus niruri L., Phyllanthaceae  
(De Souza et al., 2002) also showed to be suitable for the 
analysis of the spray dried powders (SDP). This could be 
seen through the reproductions of the chromatographic 
pattern of the chosen markers (Figure 1). Gallic acid (peak 
1), the flavone (peak 2), and the gallic acid derivative (peak 
3) were detected in all samples (Figure 1). The retention 
times of 6.58±0.02, 19.73±0.09 and 21.16±0.07 for gallic 
acid, peak 2 and 3, respectively, and chromatographic 
profiles (Figure 1) were in agreement with results found 
by Lionço et al.  (2001) and De Souza (2004). In previous 
work, authors demonstrated the chromatographic profiles 
of the aqueous extract of leaves, stems, their mixtures 
and roots. Therefore, neither the drying process nor 
the adding of colloidal silicon dioxide interfered in the 
qualitative composition of the SDP components. The 
unique qualitative differences were caused by the plant 
part used as starting material for the SDP, suggesting also 
quantitative modifications among the different SDP.
 For quantitative purposes, the chromatographic 
parameters (k’, α, Rs and N) were evaluated to validate the 
method previous developed by De Souza et al. (2002) also 
for the SDP samples.
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 Independent of the origin of the sample (L, S, 
R, and their mixtures) the chromatographic parameters 
matched the required acceptation criteria established by 
international validation recommendations (FDA-CDER, 
2001; ICH, 2005). The capacity factor values (k’) were 
greater than 1 and smaller than 5; selectivity factors (α) 
were greater than 1 demonstrating adequate separation 
of the peaks; resolution values (Rs) between peaks 1 
an 2 and peaks 2 and 3 indicated poor overlapping and 
consequently less loss of area among subjacent peaks, 
which allow an efficient quantitative evaluation.

Figure 1. HPLChromatographic profiles of Phyllanthus 
niruri spray dried powders of leaves (L), stems (S), mixture 
of aerial parts (L+S), roots (R), and the whole plant (L+S+R), 
as previously diluted samples yielding final concentrations 
of 139.60, 512.15, 113.51, 872.24, and 78.51 μgmL-1 of L, S, 
L+S, R and L+S+R respectively.

 From the statistical evaluation of the calibration 
curve for the external standard gallic acid resulted the 
equation A (mV•s)=138.85 (mV s)+92050.25•CGA (mV 
s/mg mL-1), where A=peak area and CGA=concentration 
of gallic acid (r2=0.9999), confi dence intervals=-1032.74 
to 1310.44. The response was throughout linear to the 
concentration and no deviations due to inherent errors were 
detected (ANOVA and residue test results not shown).
 The SDP from leaves (L) and stems (S), 
as well their mixture (L+S), presented very similar 
chromatographic profiles (Figure 1), but the SDP from 
leaves (L) expressed the highest yield of gallic acid and 
other major substances (Table 1), as already previously 
demonstrated (Lionço et al., 2001).
 The SDP from leaves plus stems were originated 
from a mixture of the aerial parts containing 80% by weight 
of the leaves. The measured concentration of gallic acid in 
this SDE could be considered equivalent to the calculated 
value from the separated parts (difference=8.54%).
 Although the proportion of roots in the 

purchased plant material was not controlled, it seems 
clear that the quantity of marker substances is dependent 
on the presence of leaves.

Table 1. Concentration assay of gallic acid, flavone (peak 2) 
and gallic acid derivative (peak 3) in the spray dried powders 
(SDP) from the leaves (L), stems (S), roots (R) or mixtures of 
leaves and stems (L+S) and whole plant (L+S+R).

SDP Gallic acid
Concentration (±sd) μg mg-1

Peak 2 Peak 3
L 6.20±0.09 15.25±0.54 19.18±0.52
S 2.15±0.04 6.70±0.17 5.99±0.15
R 0.61±0.01 0.590±0.004 0.55±0.05
L + S 4.80±0.12 14.85±0.38 18.02±0.43
L + S + R 3.39±0.03 10.62±0.25 10.10±0.21

 
 Stronger qualitative and quantitative differences 
were especially observed in the chromatographic profi le 
of the roots (Figure 1). This fact is probably assigned to 
the presence of other relevant compounds for specifi c 
physiological function in the root. 
 Intraplantar injection of carrageenan (1%) 
produced a time-dependent mechanical allodynia 
associated with oedema formation at the ipsilateral 
paw. At the same dose that induced paw oedema, 
carrageenan enhanced significantly the mechanical 
withdrawal response, an effect that started at 3 h and 
persisted for up 24 h post injection (Figures 2 and 3).
 Figure 2 also shows that the oral pretreatment of 
animals with SDP of leaves (L) or leaves plus stems (L+S) 
(100 mg/kg), 1 h before the test or carrageenan injection, 
resulted in a signifi cant inhibition of the allodynic effect 
induced by carrageenan injection. Inhibitions of 42±5% 
and 54±3% were observed, respectively. In contrast, 
the SDP prepared from the leaves plus stems plus roots 
(L+S+R), stems (S), or roots (R) of P. niruri did not 
signifi cantly alter the allodynia induced by carrageenan 
after 3 h (Figure 2). 
 The treatment with SDP of leaves plus stems 
(L+S) from P. niruri also signifi cantly decreased the 
mechanical allodynia (48±6%) in the von Frey test, 
after 4 h. However, the other SDP did not reveal any 
anti-allodynic properties. Additionally, not signifi cant 
inhibition of allodynia after the treatment with SDP was 
observed, both at 8 and 24 h after carrageenan injection 
(Figure 2).
 At the same dose, only the SDP with leaves (L) 
was effective in inhibiting the paw oedema formation 
(35±6.0%), when evaluated 3 h after intraplantar injection 
of carrageenan (Figure 3). No signifi cant inhibition of 
paw oedema was observed at 4, 8 and 24 h following 
carrageenan injection (Figure 3). In addition, the inhibition 
observed in dexamethasone-treated group was 41±5.0% 
after 3 h of the injection of carrageenan in the paw (results 
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Figure 2. Effect of p.o. administration of SDP from the leaves (L), stems (S), roots (R) or mixtures of leaves and stems (L+S) and 
whole plant (L+S+R) of Phyllanthus niruri on carrageenan induced-mechanical allodynia in mice. Groups of mice treated with 
extracts one hour before carrageenan were observed before (basal values) and at 3, 4, 8 and 24h after carrageenan injection. Each 
column represents the mean of seven animals and vertical lines show the SEM. Asterisks denote the significance levels. *p<0.05, 
**p<0.01, compared with the Cg plus vehicle-injected mice, ###p<0.001 vs baseline values (one-way ANOVA followed by 
Student-Newman-Keuls’ test).

Figure 3. Effect of p.o. administration of SDP from the leaves (L), stems (S), roots (R) or mixtures of leaves and stems 
(L+S) and whole plant (L+S+R) of Phyllanthus niruri carrageenan-induced paw oedema in mice. Groups of mice treated with 
extracts one hour before carrageenan were observed 3, 4, 8 and 24 h after carrageenan injection. Each column represents the 
mean of six animals and vertical lines show the SEM. Asterisks denote the significance levels. *p<0.05 compared with the Cg 
plus vehicle-injected mice (one-way ANOVA followed by Student-Newman-Keuls’ test).
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was not shown).
 The intraplantar injection of carrageenan (1%) 
produced a significant (about 5-fold) increase in the 
myeloperoxidase activity levels (4 h post-injection) 
when compared with the myeloperoxidase values in 
PBS-injected paws. Dexamethasone (0.5 mg/kg, s.c), a 
drug known to produce marked properties was used as 
positive control and reduced increase in myeloperoxidase 
activity (Table 2). The acute oral treatment with SDP 
of leaves (L) or leaves plus stems (L+S) (100 mg/kg) 
did not significantly alter the myeloperoxidase activity 
when compared with saline-treated animals (Table 2). 
The MPO is an enzyme present, mainly, in neutrophils. 
So, the notably increasing in the MPO activity 
reflects the neutrophil migration into the tissue during 
inflammation and is an indirect evidence for neutrophil 
influx. Furthermore, dexamethasone, but not SDP of 
leaves (L) or leaves plus stems (L+S), inhibited the Cg-
induced leukocyte migration into the paw mice. These 
results showed that dexamethasone interfere in signs 
of inflammatory process while SDP of leaves (L) or 
leaves plus stems (L+S) only reduced oedema but not 
leukocyte migration. 

Table 2. Effect of spray dried powders (SDP) from leaves 
(L) and leaves plus stems (L+S) of Phyllanthus niruri on 
myeloperoxidase activity in the paw of carrageenan-injected 
mice (time point of 4 h). 
Group mOD•103/mg of protein
Naïve 144±5.6
Dexametasone 180±7.5**

Control 689±3.0#

SDP (L) 653±8.6
SDP (L + S) 750±10.8

Data are expressed as Optic Density units (mOD) means±SEM; n=5 mice per group. 

**p<0.01 vs control, Dunnett’s multiple comparison test; #p<0.001 vs normal paw, Student’s 

t- test.

 As it was observed in the present study, the 
different composition among the SDP related to their 
herb part origin influenced significantly on their in vivo 
pharmacological action. In a first moment, it seems that 
there is a direct relationship among the pharmacological 
effects and the yield of gallic acid. Gallic acid is already 
known to have analgesic activity, especially related to the 
o-dihydroxy group of gallic acid, which is involved in 
the scavenging of superoxide anions (Kroes et al., 1992; 
Krogh et al., 2000).
 The qualitative differences observed in the 
chromatographic profiles of roots SDP did have no 
positive effect on the pharmacological action. It is 
reasonable that the poor pharmacological response 
after administration of the SDP containing roots (R or 
whole plant) is assigned to the dilution effect caused by 

the lowest proportion of leaves and consequently the 
lowest gallic acid concentration.
 Our results show that both the leaves and the 
stems extracts of P. niruri contain higher concentrations 
of gallic acid. It is important to observe that the same 
rapid onset pattern of response was observed by the 
extract from the leaves of P. niruri on Cg-induced 
allodynia (Figure 2) or against Cg-induced oedema 
formation (Figure 3). As shown in Figure 3, the extract 
from the leaves P. niruri only inhibited at 3 h, but not 
at 4 h time-points, in Cg-induced oedema formation or 
in Cg-induced allodynia response. 
 In conclusion, the results presented in this 
study showed that different botanical origin parts of P. 
niruri L., Phyllanthaceae, exhibited quantitative and 
qualitative differences among chemical composition 
that directly influence in anti-inflammatory and 
antiallodynic actions of this plant. Single oral 
administration of SDP from leaves or aerial parts, but 
not roots, stems, or the mixture of leaves, stems and 
roots, significantly inhibited the allodynia and oedema 
formation in Cg model. These activities should be 
related to the gallic acid concentration, which is higher 
in the leaves SDP (6.20 μg/mg). However, despite the 
lower gallic acid content, the use of SDP of leaves 
plus stem prolonged this action over 4 h, being more 
effective than SDP of leaves itself, suggesting the 
occurrence of synergism, which corroborates the use of 
aerial parts together as starting materials for analgesic 
phytopharmaceutical purposes. 
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