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Potent Antinociceptive Activity of a Hydroalcoholic 
Extract of Phyllanthus corcovadensis 
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Abstract-This study analyses the analgesic effect of a hydroalcoholic extract (HE) from Phyllanthus 
corcovadensis in several models of pain in mice. HE (3-60 mg kg-I, i.p.) or (100-500 mg kg-I, p.0.) caused a 
graded and potent analgesic effect against the abdominal constriction response caused by acetic acid and 
acetylcholine with an ID50 of about 3 and 100 mg kg-I, respectively. In the tail-flick model HE (up to  500 
mg kg-I, p.0.) was without effect, while morphine (1-10 mg kg-l, s.c.) caused a graded increase in pain 
latency (ID50,3 mg kg- I). HE (1-300 mg kg-I) given both intraperitoneally and orally caused a potent and 
graded inhibition of the second phase of formalin-induced persistent pain in mice with an ID50 of I and 80 
mg kg-I, respectively. In contrast, morphine (1-5 mg kg-I, s.c.) inhibited both phases of formalin-induced 
pain with an ID50 of 2.5 mg kg-I. Indomethacin (1-10 mg kg-I, i.p.) only inhibited the second phase of 
formalin-induced pain with an ID50 of about 3 mg kg-I. The analgesic effect of indomethacin, but not that 
caused by morphine and HE was accompanied by a graded inhibition of formalin-induced mouse paw 
oedema. In addition, HE up to  1 g kg- '  failed to prevent carrageenan- and dextran-induced rat hindpaw 
oedema. It is concluded that H E  exhibits a potent antinociceptive profile, either when given intraperito- 
neally or orally. The mechanisms that underly its analgesic effect are unclear a t  present, but appear to be 
unrelated to inhibition of synthesis of arachidonic acid via cyclo-oxygenase or to activation of opioid 
receptors. 

The genus Phyllanthus (Euphorbiaceae) is composed of a 
great number of species that are widely distributed in many 
countries. In Brazil, the leaves, stems and roots of some 
species of this genus have been widely reported in folk 
medicine as traditional remedies for the treatment of kidney 
and bladder calculi. Infusions of Phyllanthus species have 
been popularly employed in many other countries for the 
treatment of diabetes, hepatitis, dysentery and against 
infections of the intestines (Morton 198 I ; Oliver-Bever 
1983). 

More recently, an increasing number of experimental and 
clinical studies, carried out with the extracts or with purified 
compounds from some plants of the genus Phjdanthus, have 
confirmed some of the most relevant medicinal uses of these 
plants reported in traditional meiicine (Calixto et al 1984; 
Venkateswaran et al 1987; Thyagarajan et al 1988, 1990; 
Tempesta et al 1988; Blumberg et a1 1989; Santos 1990; 
Unander 1991; Unander et al 1991; Shead et al 1992; for 
review see Unander et al 1990, 1992). 

The purpose of the present study was to examine whether 
the hydroalcoholic extract (HE) from P .  corcozudensis 
exhibits antinociceptive activity in several models of nocicep- 
tion in mice. In addition, we haveevaluated the possibility of 
the antinociceptive activity of P. corcouadensis being second- 
ary to  an anti-inflammatory effect by comparing its actions 
against carrageenan- and dextran-induced rat hindpaw 
oedema. 

Materials and Methods 

Drugs 
Drugs used were: indomethacin, carrageenan iL grade IV, 
dextran (Sigma Chemical, USA), morphine (Merck). All 
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reagents used were high grade purity. Indomethacin was 
prepared in 0.9% w/v NaCl containing 5%) NaHC03.  All 
other drugs were dissolved in 0.9% w/v NaCl or in physiolo- 
gical buffer solution (PBS). 

Preparation qf the crude extract 
The dried leaves, stems and roots of P.  corcouadensis were 
minced and extracted with 50'X ethanol-water in the propor- 
tion of 1 : 3 (w/v), stirred mechanically at room temperature 
(21 C) for 24 h. The ethanol was evaporated and the extract 
was concentrated to the desired concentration. 

Antinociceptive activity 
Acetic acid-induced abdominal constriction. Male Swiss mice, 
25-30 g, were kept in a temperature controlled environment 
(23'C) with a 12 h light-dark cycle. Food and water were 
freely available. Abdominal constrictions to  acetic acid 
(0.60/0, i.p.) o r  acetylcholine (6 mg kg-', i.p.) were monitored 
as described previously (Collier et a1 1968; Bentley et al 
1981). The animals were pretreated with HE intraperito- 
neally (3-60 mg kg- I )  30 min beforehand or orally (100-500 
mg kg-I) 60 min before injection of irritants. H E  was 
dissolved in a physiological buffer solution. Control animals 
received a similar volume of buffer solution (10 mL kg- I ) .  All 
experiments were carried out at 20-22-C. After challenge, 
pairs of mice were placed in separate boxes and the number 
of constrictions were cumulatively counted over a period of 
20 min for acetic acid and 10 min for acetylcholine. Analgesic 
activity was expressed as the inhibition of the number of 
constrictions between control animals and mice pretreated 
with HE. 

Formalin-inducedperipheral pain. Male Swiss mice, 20-30 g, 
were injected under the dorsal surface of the skin in one 
hindpaw with 20 pL of 0.5"/0 formalin solution, made up in 
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Table 1. Effect ofthe hydroalcoholic extract of Phyllunfhus corcoou- 
densis given intraperitoneally or orally on acetic acid-induced 

constrictions mice. 

Table 3. Effect of morphine and the extract of Phyllunthus corcovu- 
densis on the tail-flick test. 

Morphine 
(mg kg-9 

0 
I 
3 

10 
HE concn 
(mg W ' )  
0 

500 

Latency 
6)  

4.3+ 1.2 
5.4 * 0.9 

10.0* 1.1** 
19.4+0.6** 

5 .7+ 1.4 
4.9 f 1.6 

Number of 
constrictions HE (mg kg-') 

Intraperitoneal 
0 
3 

10 
30 
60 

0 
100 
300 
500 

Oral 

43f4  
19*2** 
10f2** 
3f2** 
1 +2** 

44*2 
24+2** 
18*2** 
19*2** 

Each group represents the mean* s.e.m. of 6-8 experiments. 
** PiO.01 compared with control (Dunnett's test). 

c 

Each point represents the mean+s.e.m. of six experiments. 
**pcO.OI compared with control (Dunnett's test). Table 4. Effect of the hydroalcoholic extract of Phyllunthus corcovu- 

densis given either intraperitoneally or orally against the first 0 to 5 
min or the second phase, 20 to 30 min, in the mouse formalin test. 

Table 2. Effect of the hydroalcoholic extract of Phyllunrhus corcovu- 
densis given intraperitoneally or orally on acetylcholine-induced 
abdominal constrictions in mice. 

Licking (s) 
HE (mg kg-l) 
lntraperitoneal 

0 
1 

20-30 rnin 0-5 min 
63+3 

53*5 
51 + 7  
41 f 6 *  

- 
72+7 
36 + 5** 
18&8** 
14+5** 
2+2** 

Number of 
HE (mg kg-l) constrictions 
Intraperitoneal 

0 7.7k0.7 
3 4.8 + 0.6** 

10 I .8 + 0.4'; 
30 0.2 f 0.1 ** 

Oral 

3 
10 
30 

Oral 
0 

50 
I00 
200 
300 

50 f4  
4 4 * 3  
4s*5 
52+6 
42+8 

70+5 
43 +4** 
33 + 5** 
17+6** 
8 * s** 

0 
100 
200 
300 

9.1 f 1.2 
7.5 * I . 7  
6.0 f 0.8* 
6. I f 0.8* 

Each group represents the mean + s.e.m. of 6-8 experiments. 
* P<O.OS, * * P  <0.01 compared with control (Dunnett's test). 

Each point represents the mean +s.e.m. of 6-8 experiments. 
*P<0.05, ** P<O.OI compared with control (Dunnett's test). 

Table 5. Effect of indomethacin and morphine against the first 0 to 5 
min and the second phase, 20 to 30 min in the mouse formalin test. 

Indomethacin 
(mg kg-') 
0 
I 
3 

10 

Morphine 
(mg kg-'1 
0 
1 
2.5 
5.0 

Licking (s) physiological buffer. Two mice (control and treated) were 
observed simultaneously for 0 to 30 min following formalin 
injection. The amount of time spent licking the injected paw 
was timed with a chronometer and was considered as 
indicative of pain. Nociceptive scores normally peaked about 
5 rnin after formalin injection (first phase) and 20 to 30 rnin 
after formalin injection (second phase), representing the 
tonic pain response; this is accompanied by an inflammatory 
response and the release of algesic mediators. Animals were 
treated with 50-300 mg kg-I HE orally or  1-30 mg kg-I 
intraperitoneally, 60 and 30 min before injection of formalin, 
respectively. Indomethacin (1-10 mg kg-I, i.p.) and mor- 
phine (1-5 mg kg-I, s.c.) were given 30 and 60 min before 
formalin injection, respectively, and were used as positive 
controls. A separate group of mice received only the vehicle 
(10 mL kg-I) used to dilute HE o r  drugs. 

Taik/kk rest. Male Swiss mice, 25-30 g, were used. 
A radiant-heat tail-flick analgesiometer was used to measure 
'esPonse latencies, according to the procedure described 
Previously by D'Amour & Smith (1941) with minor modifi- 
cations. Animals responded to a focused-heat-stimulus by 
flicking or removing their tail, exposing a photocell located in 
the apparatus immediately below the tail. The reaction time 

0-5 min 
63.5 * 5 
61.0*4 
56.5 + 6 
70.0 f 5 

66*6 
39 * 3** 
22 f 2** 

8*1* *  

20-30 min 

75*5** 
60*5** 
27+6** 

106k6 

100+6 
68f4** 
44+3** 
2f  I**  

Each group represents the mean* s.e.m. of 6-8 experiments 
**P<O.OI compared with control (Dunnett's test). 

was recorded for control mice or for animals pretreated with 
HE or morphine. 

An automatic 8 s cut-off was used to prevent tissue 
damage. Each animal was selected on the basis of its 
reactivity in the model. On the test day, each subject was 
given four base-line tail-flick tests before drug or vehicle 
injection. A latency period of 20 s was defined as complete 
analysis. HE was administered orally (up to 500 mg kg-') 60 
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Table 6. Effect of indomethacin and the hydroalcoholic extract from 
Phyllunthus corcouadensis on formalin-induced paw oedema in mice. 

Dose Increase in paw 
(mg kg-') weight (mg) Inhibition (X,) 
- 65+2 - Saline (i.p.) 

Indomethacin (i.p.) 1 66+5 0 
3 56*4 14* 

10 47*3 26** 
P. corcooudensis (i.p.) 3 64k 5 I 

10 57+3 12 
30 60+3 6 

Saline (p.0.) 62+2 0 

p .  corcovadensis (p.0.) 50 
I00 
200 

54+5 13 

59+5 6 
65+6 0 

Each group represents the mean of 6-8 animals. *Pi0 .05 ;  
**P<0.01 (Dunnett's test). 

min before experiments. Control animals received the same 
volume of vehicle. 

Anti-irlflammatory octioity. Rat paw oedema. Male rats, 130- 
180 g, were pretreated with different doses of HE (0.5 and 1 g 
kg I) orally I h before receiving an intraplantar injection of 
0.1 mL of either carrageenan (300 &paw) or  dextrdn (300 
pg/paw) into hindpaws. The contralateral paw received an 
equal volume of PBS and was used as control. The oedema- 
togenic response was evaluated by the use of a plethys- 
mometer at 0.5, I ,  2 and 4 h after intraplantar injection of the 
phlogistic agents. Oedema was reported in mL as the 
difference between the value of the irritant-injected and the 
saline-injected paw. 

Statist i r d  una1.vsi.s 
The results are presented as the meanks.e.m. and were 
analysed by analysis of variance followed by Dunnett's test 
or by unpaired Student's [-test, as appropriate. P values less 
than 0.05 were considered as significant. When appropriate, 
the ID50 (i.e. the dose of HE or drugs that reduced the 

* 

" 
0 2 4 0  2 4 

Time (h) 

FIG. I ,  Effect of hydroalcoholic cxtract of Ph~~llunthus corcoradensis 
against dextran (A) and carrageenan (B)-induced rat hindpaw 
oedcma. Each point represents the mean of six experiments and thc 
vertical lines indicate the s.e.m. 0 Control. 0 0.5 g kg '. 0 1.0 g 
kg I. *Pc0.05 compared with control (unpaired /-test). 

response by 50%) was estimated by graphical interpolation 
from individual experiments. 

Results 

Tables 1, 2 show that HE (3-60 mg kg-') caused a graded 
and potent analgesic effect against abdominal constrictions 
elicited by acetic acid and acetylcholine. The calculated ID50 
was about 3 mg kg I and the maximal inhibition of the 
nociceptive response was 100%. Given orally, HE (100-500 
mg kg-I) also caused a significant inhibition against acetic 
acid- and acetylcholine-induced constrictions. 

In the tail-flick model, H E  (500 mg kg-I, p.0.) was 
virtually ineffective as a n  analgesic agent, while morphine 
(1-10 mg kg-I, s.c.) caused a graded increase in pain latency 
with an ID50 of 3 mg kg-I (Table 3). 

Table 4 shows that HE (1-30 mg kg-I, i.p.) caused a 
marked and dose-dependent inhibition of formalin-induced 
peripheral pain. However, its analgesic effect was more 
pronounced against the second phase of the pain model, with 
an ID50 ofabout 1 mg kg-l and maximal inhibition of 100'%. 
Given orally, HE (50-300 mg kg-l, 60 min before) caused 
dose-dependent inhibition of the second phase of formalin- 
induced pain in mice, with an ID50 of about 80 mg kg- I and 
maximal inhibition of 90% (Table 4). In the same experi- 
mental conditions, morphine ( I  -5 mg kg I, s.c.), inhibited in 
a graded manner and with similar potency both the first and 
the second phases of formalin-induced pain (ID50 2.5 mg 
kg I) (Table 5). In contrast, indomethacin (1-10 mg kg I, 

i.p.) was effective in antagonizing only the second phase of 
formalin-induced pain (ID50 3 mg kg I, and maximal 
inhibition 80'X) (Table 5). The analgesic effect of indometha- 
cin, but not that caused by HE and morphine, was accompa- 
nied by a significant inhibition of formalin-induced paw 
oedema (Table 6). Similarly, HE (0.5 and 1 mg kg-I, p.0.) 
failed to prevent both dextrdn- and carrageenan-induced rat 
hindpaw oedema but caused a slight, but significant, increase 
of hindpaw oedema induced by either agent (Fig. I ) .  

Discussion 

The results of the present study show that H E  obtained from 
the leaves, stems and roots of P .  corcoradensis, given either 
intraperitoneally or orally, caused a potent antinociceptive 
effect in mice. Of particular interest were the results demon- 
strating that HE, given either intraperitoneally or  orally, was 
extremely active in antagonizing the second phase of the 
persistent pain produced by peripheral administration of 
formalin in mice. These results strongly support the view that 
the active principle present in HE is much more effective in 
attenuating hyperalgesic or  persistent pain, than the neuro- 
genic pain caused by formalin. It has been widely reported 
that formalin-induced persistent pain in mice paw involves 
two distinct phases; a neurogenic pain which corresponds to 
the first phase, followed by an inflammatory pain that is 
accompanied by release of inflammatory mediators. desig- 
nated as second phase (Hunskaar et al 1985. 1986; Abbott & 
Franklin 1986; Hunskaar & Hole 1987: Murray et a2 1988). 
In addition, it has been postulated that formalin-mediated 
peripheral pain may be analogous to human postoperative 
pain (Abbott & Franklin 1986). 



ANALGESIC EFFECT OF P. CORCOVADENSIS 1049 

The antinociceptive potency of HE is comparable or even 
more potent than that reported for indomethacin (Dray & 
Dickenson 1991; Moore et al 1991). However, in marked 
contrast with indomethacin, H E  failed to inhibit formalin- 
induced- as well as carrageenan- and dextran-induced rat 
hindpaw oedema. These results indicate that HE produces 
analgesia by a mechanism independent of inhibition of the 
synthesis of  cyclo-oxygenase products derived from arachi- 
donic acid. 

The antinociceptive activity of HE also appears to occur 
by mechanisms independent of activation of opioid recep- 
tors, since morphine was found to be very effective in 
antagonizing both phases of formalin-induced peripheral 
pain, but there was a complete lack of analgesic effect of H E  
against radiant heat in the tail-flick test conditions where 
morphine caused a graded increase in paw latency (ED50 
3 mg kg-9. 

Concerning the chemical constituents responsible for the 
potent analgesic effect of H E  from P.  corcouadensis, recent 
unpublished results from our laboratories show the existence 
ofat  least two active principles in this plant that may account 
for this effect. However, this plant contains many other 
constituents that may also contribute to its anaIgesic activity. 

The results of the present study demonstrate that HE of 
the leaves, stems and roots of P. corcovadensis exhibits 
potent antinociceptive activity when given either intraperito- 
neally or orally to mice. The mechanisms underlying its 
analgesic effect remain unknown to some degree; however, 
they seem to be unrelated to either the inhibition of the 
synthesis of cyclo-oxygenase products of arachidonic acid or 
to activation of opioid receptors. Chemical and pharmacolo- 
gical studies are underway in order to characterize the 
constituents responsible for the analgesic effect and also to 
furnish additional evidence concerning their mechanisms of 
action. 
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