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Abstract:

Background:

The  standardized  extracts  of  P.  fraternus  were  previously  reported  by  us  for  its  anti-inflammatory,  analgesic,  and  anti-arthritic  biological
potentials. However, we have not reported for a consequence of P. fraternus  on chronic inflammatory muscle hyperalgesia. Herein, we have
demonstrated chronic pain modulating effect of standardized extracts of P. fraternus.

Materials and Methods:

Firstly,  we  have  collected  various  parts  of  P.  fraternus  plant  including  the  dried  stems,  leaves,  and  roots.  In  order  to  produce  chronic
inflammations, we further allowed injection to the left gastrocnemius muscle belly of rats with a freshly prepared solution of 3% carrageenan in
normal  saline  (100µL).  Thermal/heat  hyperalgesia,  mechanical  hyperalgesia  and  muscle  circumferences  were  determined  in  the  current
experimental model. In order to estimate, chronic pain modulating potential of P. fraternus, we have also studied histopathological studies and
measurement of prostaglandin E-2 (PGE2).

Results:

After  administration  of  3%  carrageenan  intramuscular  injection,  we  investigated  the  chronic  thermal  and  mechanical  hypersensitivity  of
aforementioned test sample i.e. standardized extracts of P. fraternus in terms of adopting 2 gradual dosings of 200 and 400 mg/kg (administered
intraperitoneally)  from  day  14th  to  22nd.  From  our  study,  we  observed  significant  antihyperalgesic  activity;  when  we  allowed  administering
standardized extracts of P. fraternus intraperitoneally.

Conclusion:
To conclude, we have investigated the antihyperalgesic and anti-inflammatory potentials of standardized extracts of P. fraternus. These effects
might be having mediation via supraspinal or spinal neuronal mechanisms, and mainly observed due to evidence of PGE2 inhibitions.
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1. INTRODUCTION
Many  clinically  defined  conditions  occurring  throughout

the  world  are  having  major  representing  a  symptom  of  pain
originating  from muscle  [1].  In  literature,  a  large  number  of
experimental animal models were reported and investigated for
pathological mechanisms of chronic pain for many years [2, 3].
Khanna et al., 2007 reported modulation of the expression of
chronic  pain  inflammatory  signals  by  plant  based  natural
agents [3]. Various experimental and clinical studies have been
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implemented and studied so far in order to investigate the roles
of  various  Ayurveda  and  traditional  medicinal  plants  for
possible  efficacy  in  chronic  pain  disorders  [4].  A  broad
spectrum  of  pharmacological  activities  and  medicinal
properties has been demonstrated for phytoconstituents isolated
from Phyllanthus fraternus Webster (Family: Euphorbiaceae)
[5  -  15].  There  has  been a  large  number  of  scientific  studies
reported  in  traditional  system  of  medicine  for  medicinal
properties  of  various  phyllanthus  species  [10  -  12].  For
evaluating test compounds on chronic hyperalgesia induced by
muscle inflammation, studies conducted by Radhakrishnan et
al. are found to be useful to give an animal model for same [13,
14]. It has also been proposed to have greater face validity to
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the pain of musculoskeletal origin arising in humans [14]. In
our previous studies, we reported the potential of Phyllanthus
amarus extracts as a chronic pain modulator [11]. Previously,
we  have  also  explored  the  anti-inflammatory,  analgesic,
anxiolytic and anti-arthritic potentials of standardized extracts
of  P.  fraternus  [10  -  12].  However,  in  our  current  study,  we
tried  to  explore  the  effects  of  P.  fraternus  on  chronic
inflammatory  muscle  hyperalgesia  in  terms  of  its  chronic
inflammatory  pain  modulation  potentials.

2. MATERIALS AND METHODS

2.1.  Collection  Details  of  P.  Fraternus  (Webster  Family:
Euphorbiaceae)

The  whole  plant  of  P.  fraternus  (Euphorbiaceae)  was
collected  from  Karad  tehsil  situated  in  the  state  of  Western
Maharashtra, India. The identification and authentication of the
plant  of  P.  fraternus  Webster[Reference  No.
BSI/WC/Tec./2012/644]  were done by officials of Botanical
Survey of India, Pune.

2.2. Preparation of Standardized Extracts of P. Fraternus

The  shade  dried  plant  components  such  as  dried  leaves,
stems  and  roots  were  collected  and  further  utilized  in  the
current  study.  Further,  these  components  were  subjected  for
mincing  and  extraction  with  70%  Ethanol:water  (70:30
proportions). Then, we allowed the extracted marc to stir and
further macerated at room temperature conditions (22-28oC) for
a period of 15 days. In order to get the desired semisolid level,
we evaporated ethanolic portion and further concentrated the
extract (yield 5-7%) and stored in a refrigerator. We dissolved
the standardized extract of P. fraternus  in DMSO in order to
achieve desired concentrations just before all experiments [13].

2.3. Drugs and Chemicals

A  gift  sample  of  Aceclofenac  from  Alembic
Pharmaceuticals,  Vadodara  was  utilised  in  the  current  study.
Analytical  solvents  and  necessary  chemicals  such  as
Carrageenan, anaesthetic ether, Potassium hydroxide, methanol
and formalin were procured from a commercial source (Merck,
Mumbai).

2.4. Experimental Animals

We have subjected male Wistar rats throughout the current
study which were weighing approx. 200-340 g. We have taken
precautions  to  feed  animals  with  standard  diet  and  water  ad
libitum.  We  have  also  maintained  the  necessary  standard
environmental  conditions  for  them.  Facilities  and  required
things  such  as  water  and  food  were  made  freely  available
during  the  entire  conduction  of  experiments.  All  necessary
approvals  for  the  current  study  were  taken  from  the  Animal
Ethics  Committee  of  Govt.  College  of  Pharmacy,  Karad
(GCOPK) [Reference: CPCSEA / IAEC- 2012-MAR/01]. All
necessary  experiments  were  carried  as  per  the  guidelines
suggested by CPCSEA for the care of laboratory animals and
corresponding the  ethical  guidelines  for  animals  as  specified
[15, 16].

2.5.  Induction  of  Chronic  Inflammatory  Muscle
Hyperalgesia.

To produce chronic inflammations in rats, we have made
injections to the left gastrocnemius muscle belly with (100µl)
dose  of  3%  carrageenan  in  normal  saline  solution  [14].  A
spontaneous  pain  behavioural  signals  were  witnessed  in  rats
after 24 hours of post intramuscular injection of carrageenan.
We have recorded the  Paw withdrawal  latencies  (PWL’S)  to
stimuli  such  as  heat  and  mechanical  on  daily  bases  in  all
groups  considered  under  current  study,  after  unstill  the
decrease in PWL’s of the contra lateral paw (non carrageenan
injected side) which was an indication of setting of the chronic
model which consumed duration of 2 weeks [17].

2.6.  Experimental  Protocol  [Dosages  of  P.  Fraternus
Extract].

The procedure described in above section 2.5 was used for
induction  of  chronic  inflammatory  muscle  pain  in  all  the
animals  except  normal  control.  In  order  to  examine  the
pharmacological  potential  of  P.  fraternus  extract  on
hypersensitivity  (mechanical  and  thermal),  we  tried  to
administer  all  animals  considered  under  this  study  with  P.
fraternus extract by subjecting them with intraperitoneal route
from  14th  day  to  22nd  day,  after  confirmation  of  chronic
inflammatory pain P. fraternus extract was administered with
approximately  12  hours  apart  for  a  period  of  7  days  twice  a
day.  We  have  utilized  Aceclofenac  as  a  preferential  COX-2
selective  inhibitor  as  a  standard  at  a  dose  of  10  mg/kg,
intraperitoneally  was  administered  for  comparison.  The
treatment was interrupted for two days such as on the 18th and
19th  day.  For  assessment  of  the  probable  development  of
tolerance, we had reinitiated dosing again on 20th day. After 60
to 80 minutes of the first day of treatment (the time when the
maximal inhibition was seen during the acute treatment),  we
evaluated  the  nociceptive  responses.  Control  groups  (the
hyperalgesic rats) were treated alone only with vehicle DMSO
0.2 ml intraperitoneally and they were used for the comparative
purpose  along with  the  Aceclofenac  and  P.  fraternus  extract
treated rats. For normal control, we have utilized healthy rats
and  kept  parallel  to  another  group  of  healthy  rats,  such  as
normal  control  was  kept  parallel  to  estimate  the  extent  of
muscle  inflammation,  foe  differentiating  histopathological
features  and  changes  in  concentration  of  PGE2  after
inflammation.  Paw  withdrawal  latencies  to  heat  and
mechanical  stimuli  were  observed  and  noted  before
carrageenan  injection.  Further,  the  recording  of  PWL’S  to
stimuli was continued until the end of the chronic study. For
examination of the muscle histology at the site of injection, we
sacrificed animals on the 22nd day of the study [17].

2.7. Evaluation of Thermal/Heat Hyperalgesia.
Paw withdrawal latencies were determined by dipping the

paw in the water bath maintained at 47o ± 1o C for recording the
response to inflammatory hyperalgesia.  Baseline latency was
established  thrice,  5  min  apart  and  average  was  taken  for
statistical comparisons. To avoid any injury or damage to the
paw,  a  cut-off  time  of  15  seconds  was  kept.  While  in  the
chronic model the paw withdrawal latency specifically for the
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contralateral paw was seen at a duration of 60-80 minutes after
drug administration after subsequent dosing. We have recorded
all  responses  to  heat  stimuli  and  they  were  measured  before
and post 3% carrageenan intramuscular injection till the end of
current study on 22nd day [17].

2.8. Evaluation of Mechanical Hyperalgesia.
First,  all  animals  were  subjected  for  placing  them on  an

elevated metal grid for a period of 15 min, so that they could
adapt  to  their  environment  [14  -  17].  In  order  to  produce
mechanical stimuli, we used a series of von Frey nylon hairs or
filament from 2–20 g, which were then applied in increasing
force until  there was the withdrawal of rat’s hind paw. After
simultaneous  applications  for  5  minutes,  we  assessed  the
presence  of  mechanical  hyperalgesia  for  each  hair  and  the
threshold  in  grams  (g)  was  observed  and  recorded.  For  final
readings, we noted the lowest force that causing minimum of 3
withdrawals out of 5 consecutive stimuli. We used to calibrate
Von Frey nylon hairs throughout the entire study to ensure the
consistency  of  bending  forces  of  them.  Von  Frey  stimuli
generated  mechanical  responses  were  recorded  for  prior  and
post  carrageenan  intramuscular  injection  until  there  was  the
end of chronic study (till 22nd day).

2.9. Evaluation of Muscle Circumference
Circumference  in  centimetres  of  inflamed  and  the  non-

inflamed gastrocnemius muscle was measured after 14 days. It
was  measured  by  using  a  measuring  tape  over  the  skin  of
gastrocnemius  muscle  belly  for  confirming  the  initiation  of
inflammation  and  subsequent  hyperalgesia.  In  all  the
subsequent  groups  after  drug  treatments,  we  measured  the
circumference of muscle for better assessment and correlation
between  the  PWL’S  and  simultaneous  inflammation.  For
muscle  circumference  measurement,  we  used  to  wrap  the
gastrocnemius muscle of each rat with the help of a piece of
cotton thread around it and then further measurements with a
metered ruler [14].

2.10. Histopathological Studies
After  completion  of  each  study,  minimum  of  2  animals

from each group were sacrificed. 10% formalin solution was
utilised  for  fixing  their  dissected  ipsilateral  knee  joints  as
reported by Radhakrishnan et al.,2003 [14]. For sectioning the
tissue, we used to do embedding for dissected gastrocnemius
muscle  in  paraffin  and  same  were  further  stained  with
hematoxylin and eosin (H and E). All sectioning were allowed
to visualize under light microscopy. Pathologist helped us in a
blinded  fashion  for  analysis  of  histological  findings,  which
were descriptive.

2.11. Estimation of Prostaglandin E-2 (PGE2)
Initially, to 2 mL of KOH:Methanolic (0.5 mol/L) solution,

we  added  ½ mL supernatant  inflammatory  immersion  of  the
left muscle. After keeping for 20 min isomerization in a water
bath  at  50°C,  we further  made the  addition of  methanol  to  a
total capacity of 5 mL. Thereafter, we mixed it thoroughly [16
- 18]. The absorbance was measured at 278 nm by utilization of
Shimadzu  1800  UV  spectrophotometer,  after  standing  for  5
min. For an indication of PGE2 content, we have investigated
with  per  ml  of  inflammatory  exudates  corresponding  to  the

optical density values. Difference between the volumes of the
right muscle before and the left muscle after the scheduled drug
treatments can be expressed by the capacity of inflammatory
exudates (in ml) [17].

2.12. Statistical Analysis
For  performing  the  statistical  calculation  of  the  present

study  Graph  pad  Prism  software  version  6.01©,  1992–2012
was  utilized.  We  have  expressed  all  data  mentioned  in  this
study in terms of mean ± SEM (standard error of the mean).
We  have  conducted  one  way  ANOVA  (one-way  analysis  of
variance) for analysis  of  statistical  data along with treatment
with  Dunnett’s  multiple  comparison  test.  We  have  set
statistical  significance  (Pvalue  <  0.05)  by  following
comparison  made  to  the  inflammatory  control.

3. RESULTS

3.1.  Carrageenan  Induced  Inflammatory  Muscle
Hyperalgesia

It  has  been noted that  the  production of  inflammation of
the  muscle  was  developed  after  24  hours  of  carrageenan
injection in the gastrocnemius muscle and it was observed to
occur continuously until chronic transformations one after 13
days. Figs. (1-3), showed details of a significant reduction in
paw  withdrawal  latency  to  heat  and  mechanical  stimuli
respectively  which  was  accompanied  by  the  occurrence  of
inflammation. For the first two days, we observed spontaneous
behavioural pain signs in animals such as guarding the injected
paw and weight-bearing on the contra lateral  side.  We noted
that there were no further signs of spontaneous pain signs, after
48 hours, except curling of the injected limb.

3.2. Effects of P. Fraternus Extract on Heat Hyperalgesia
We  have  found  that  there  was  a  remarkable  reduction

occurred  for  carrageenan  induced  heat  stimuli  when  treated
with  P.  fraternus  extract.  BPWL’s  (Basal  paw  withdrawal
latencies) were found to be similar (8.42 ± 0.14 seconds) prior
to carrageenan injection for all experimental groups and these
were further reduced (to 2.87 ± 0.12 seconds) after duration of
2  weeks.  It  has  been  also  observed  that  there  was  a  rapid
reduction  in  hyperalgesia  occurred  which  was  returned  to
normal  within  1  hour  when  we  gave  The  intraperitoneal  P.
fraternus extract administration. There was an observation of
significant  difference  for  PWL’s  to  the  heat  stimuli  for  the
groups injected with extracts and inflammatory control groups.
The maximum response was achieved within a duration of 60
to  90  minutes  after  the  administration  of  the  extracts  of  P.
fraternus.  Fig.  (2)  shows  the  representation  of  the  effects  of
extraction  muscle  hyperalgesia.  We  have  achieved  and
recorded the maximum decrement in thermal response latency
(TRL’s) in DMSO vehicle treated animals. The results indicate
that both the doses of P. fraternus  extract have the ability to
reduce  thermal  hyperalgesia  significantly  P<0.01  vs.
inflammatory  control.  P.  fraternus  extract  significantly  and
dose dependently attenuated thermal hyperalgesia. Our current
findings,  demonstrated  the  similar  efficacy  of  aceclofenac
(P<0.01  vs  vehicle)  with  respect  to  inhibition  of  thermal
hyperalgesia (P<0.01 vs  inflammatory control),  when we did
intraperitoneal  administrations  of  extract.  We  have  also
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achieved  the  attenuation  of  thermal  hyperalgesia  (P<0.05  vs vehicle) with a lower dose of extract (200mg/kg).

Fig. (1). Effects on Paw withdrawal thresholds to heat after injection of carrageenan into the muscle on the ipsilateral (A) and contra lateral side (B).
The mean thermal withdrawal latency (in seconds) was measured for both the paws ipsilateral and contralateral in rats (n=5 for each group). Each
point represents mean ± standard error of mean of the paw withdrawal threshold (in seconds) to stimulation by heat.

Fig. (2). Effects of Phyllanthus fraternus extract on paw withdrawal latency to heat in chronic inflammatory muscle hyperalgesia.
The mean thermal withdrawal latency (in seconds) was measured for both the paws ipsilateral and contralateral in rats (n=5 for each group). Each
point represents mean ± standard error of mean of the paw withdrawal threshold (in seconds) to stimulation by heat. Data were analyzed by one-way
analysis of variance using Dunnett’s multiple comparison test. p<0.05 was considered significant as compared with the inflammatory control.
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Fig. (3). Effects on Paw withdrawal thresholds to mechanical stimuli after injection of carrageenan into the muscle on the ipsilateral (A) and contra
lateral side (B).
The mean thermal withdrawal latency (in seconds) was measured for both the paws ipsilateral and contralateral in rats (n=5 per group). Each point
represents mean ± standard error of mean of the paw withdrawalthreshold (in grams) to mechanical stimulation by von Frey filaments.

3.3.  Effect  of  P.  Fraternus  Extract  on  Mechanical
Hyperalgesia

Fig.  (4)  displays  the  effect  of  currently  investigated
extracts of P. fraternus on mechanical hyperalgesia in chronic
inflammatory  muscle  hyperalgesia.  We  have  obtained
reduction  in  mechanical  response  threshold  as  seen  in
ipsilateral  as  well  as  contralateral  paws  for  vehicle  treated
rodents. Mechanical hyperalgesia would significantly attenuate
(P<0.05 vs inflammatory control) with dosing of 200 and 400

mg/kg of P. fraternus extracts. Our data also demonstrated the
fact of similar efficacy of inhibition of mechanical hyperalgesia
(P < 0.01 vs inflammatory control) to Aceclofenac (P<0.01 vs
vehicle).  There  was  re-establishment  of  mechanical
hypersensitivity occurred when we interrupted the P. fraternus
extract  treatment  for  two days (on the 18th  and 19th  day).  On
continuation of P. fraternus extract treatment on 20th day, we
started our  study again .  Significant  reduction of  mechanical
hyperalgesia  was  observed  again,  excluding  any  probability
tolerance development.
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Fig. (4). Effects of Phyllanthus fraternus extract on paw withdrawal latency to mechanical stimuli in chronic inflammatory muscle hyperalgesia on
the ipsilaterally (A) and contra lateral side (B).
The mean thermal withdrawal latency (in seconds) was measured for both the paws ipsilateral and contralateral in rats (n=5 per group). Each point
represents mean ± standard error of mean of the paw withdrawal threshold (in grams) to mechanical stimulation by von Frey filaments. Data were
analyzed  by  one-way  analysis  of  variance  using  Dunnett’s  multiple  comparison  test.  p<0.05  was  considered  significant  as  compared  with  the
inflammatory control.

3.4. Effects of P. fraternus Extract on Muscle Inflammation
Development  of  distinct  muscular  inflammation  in  the

control inflammatory group by carrageenan indicated the sign
of inflammatory response as compared to the normal animals.
We  have  noticed  a  decrease  in  circumference  of  muscle

compared to the inflammatory control group, which was also
an  indication  of  decremental  inhibition  of  muscle
inflammation;  when  we  loaded  consecutive  dosing  of  the
extracts  of  P.  fraternus,  for  details  Fig.  (5).
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Fig. (5). Effect of Phyllanthus fraternus extract on muscle inflammation in chronic inflammatory hyperalgesia.
Effect of administration of Phyllanthus fraternus extract, Aceclofenac, or vehicle administered on muscle edema induced by carrageenan. Muscle
diameter was measured only ipsilaterally. Each point represents the mean ± standard error of mean of muscle thickness/diameter (in centimeters)
before carrageenan injection (baseline) or at the times (13th and 22nd day) after intramuscular injection of Carrageenan.

3.5.  Effects  of  P.  Fraternus  Extract  on  Concentration  of
PGE2

There was a significant decrease in levels of PGE2 in the
edema exudates as compared with the control that was noticed
when  we  allowed  treatment  with  P.  fraternus.  We have  also
obtained  better  inhibitory  potency  of  P.  fraternus  extract-
treated groups as observed from (Fig. 6). When we increase the
dose  of  P.  fraternus  extract,  there  was  a  gradual  decrease  in
PGE2  concentration  achieved.  As  the  0.186  ±  0.26  was
obtained  as  basal  PGE2concentration  of  normal  control
animals (without inflammation) when compared with 8.736 ±
0.18 in the inflammatory control animals. Dosing of 400 mg/kg
of  P.  fraternus  extract  parallel  to  the  Aceclofenac  group,
caused  significant  attenuation  of  PGE2  concentration  [17].

3.6. Histopathological Studies

Histopathological  study  of  the  inflamed  tissues  in  the
current study shows inhibition of inflammatory changes in P.
fraternus  extract  treated  animals.  Inflammatory  changes  are
parallel  to  the  long  lasting  hyperalgesia  observed  in
inflammatory  control.  Acute  inflammation  was  severe  in  the
hyperalgesic control which was accompanied by myonecrosis.
Neutrophils  were  present  in  large  numbers.  The  chronic
inflammation was epimysial and perimysial. Few macrophages
and  scattered  mast  cells  were  also  observed.  Aceclofenac

treated animals showed a decrease in the chronic macrophagic
response as few macrophages were seen and without fibrinous
exudates.  The  decrease  in  neutrophil  count  and  absence  of
macrophages  and  mast  cells  was  seen  in  the  P.  fraternus
extract-treated rats  as  compared to  hyperalgesic  controls,  for
details Fig. (7). P. fraternus extract treatment shows inhibition
of the macrophagic response to less extent.

4. DISCUSSION

4.1.  Antihyperalgesic  and  Pain  Modulating  Effects  of  P.
fraternus Extract

In  the  present  study,  we  have  checked  the  effects  of
extracts of P. fraternus on carrageenan induced mechanical as
well as thermal hyperalgesia by doing systemic administrations
in chronic model of inflammatory muscle hyperalgesia. In the
previous study, which was demonstrated in Freund’s complete
adjuvant induced arthritis model and showed significant anti-
arthritic activity, which may be due to the contribution of anti-
inflammatory potential of standardized P. fraternus extract [19,
20].Various  pharmacological  potentials  such  as  antioxidant,
anti-inflammatory, and anti-apoptotic effects were reported by
Kandhare  et  al.  [21,  22]  for  phyllanthus  extracts  in  acolitis
model of inflammatory bowel disease; which was induced by
acetic acid. Herein, we have demonstrated the potentials of P.
fraternus  extract  on  a  previously  reported  and  established
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muscle  hyperalgesia  in  preclinical  model.  Due  to  series  of
central  and  peripheral  changes  happening  particularly  at  the
site  of  injury;  which obviously believed to be maintained by
spinal or supraspinal neuronal mechanisms was responsible for
observations of chronic thermal and mechanical hyperalgesia
in the current model [21 - 24]. Herein, we observed that there
was  a  reversion  of  chronic  hyperalgesia  when  there  was  the
administration  of  P.  fraternus  extract.  It  has  also  been
concluded  from  our  histopathological  studies  that  no
observations occurred for contra lateral signs of inflammation
during  our  study.  The  probable  contra  lateral  spread  of
hyperalgesia may be supported by the neuronal role (spinal or
supraspinal).  Herein from our current findings,  we could say
that  there  may  be  alleviation  of  pain  threshold  of  muscle
mediated inflammatory hyperalgesia by extracts of P. fraternus
and  there  will  be  no  contribution  to  inflammatory  pain,
although there will establishments of ongoing inflammation. It
has also be noted that phyllanthus extracts maintain its efficacy
although we repeated intraperitoneal administrations of same
and  the  anti-hyperalgesic  effects  were  not  susceptible  to
tolerance. We know the importance of that spinal COX-2 in the
maintenance of carrageenan induced muscle hyperalgesia [25].
It has been observed that there were occurrences of allodynia

and hyperalgesia after inflammation, which was an0 indication
of  fact  of  increase  in  levels  of  PGE2  in  the  inflamed  tissue.
These attributes may be the indication of involvement of the
spinal cord for induction and activation of COX-2. In almost
all  inflammatory  pain  conditions,  there  will  be  an  active
involvement  of  COX-2  enzyme  as  a  source  of  PGE2,  and
inhibition to this enzyme ultimately leads to antihyperalgesic
activity  as  proved  and  observed  for  2-selective  inhibitory
drugs. If one wants to modulate or treat chronic inflammatory
pain [17], there should be inhibition of PGE2 synthesis (mainly
of COX-2 inhibitions) as suggested by Pulichino et al.  It has
been reported in literature for inhibition of endotoxin induced
COX-2 and cytokine production when treated with extract of
Phyllanthus  species  in  in  vitro  as  well  as  in  in  vivo  models
[20]. We have observed signifiacnt reduction of PGE2 levels in
P.  fraternus  extract  treated  edema  exudates  of  the  rats  and
groups  treated  with  standard  aceclofenac  and  it  was
comparable  with  the  chronic  inflammatory  control.  We have
also  noticed  improvements  in  inflammatory  changes  as
supported by our histopathological studies, which was thought
to  be  paralleled  to  the  long-lasting  thermal  and  mechanical
hyperalgesia.

Fig. (6). Effects of Phyllanthus fraternus extract on PGE2 concentration in muscle exudates induced by Carrageenan in rats.
Each bar represents the mean ± standard error of mean of the PGE2 concentration (in optical density/ml). Data were analyzed by one-way analysis of
variance using Dunnett’s multiple comparison test. p<0.05 was considered significant in comparison with inflammatory control.
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4.2.  Lignans  and  Tannins  From  P.  Fraternus  and  Their
Role in Modulation of Pain

The preliminary phytochemical  study showed that  the P.
fraternus  extract  was  rich  in  lignans  as  well  as  tannins.  The
phytochemical finger print analysis of the standardized extract
of  P.  fraternus  extract  clearly  indicates  that  the  observed
antihyperalgesic activity in the studied extract may be due to
presence  of  lignans  and  tannins.  From  the  HPTLC
chromatograms, we can interpret that the P. fraternus extract
contained  considerable  amount  of  lignans(phyllanthin  and
hypophyllanthin) and tannins (corilagin). HPTLC analyses of
P.  fraternus  extract  revealed  significant  peaks  distinct  for
phyllanthin, hypophyllanthin and corilagin, which are depicted

in Fig. (8). Therefore we suggest that the presence of lignans
and tannin compounds might be the reason for their bioactive
role against chronic pain. As ligans are major phytoconstituents
of  phyllanthus  species,  they  are  reported  for  a  number  of
biological activities such as immunomodulatory activity, anti-
inflammatory,  antioxidant,  anti-arthritic  and  analgesic  [24  -
28]. Kassuya et al. reported the purified lignans isolated from
extracts  of  phyllanthus  such  as  phyltetralin,  nirtetralin  and
niranthin  for  their  anti-inflammatory  effects.  Furthermore,
there are several reports for mainly niranthin, which was found
to have interference with PAF induced inflammatory response
[27  -  33].  Corilagin  present  in  extracts  of  phyllanthus  also
reported for anti-hyperalgesic activity [25].

Fig. (7). Photomicrographs of muscle pathology.
Histopathological changes in gastrocnemius muscle in normal, chronic inflammatory control, Aceclofenac and P. fraternus extract (only 400 mg/kg)
treated groups are shown. Circles show foci of muscle necrosis and arrows show group of inflammatory cell infiltrates and macrophages in chronic
hyperalgesic controls and subsequent drug treated groups. Micro photographs were taken at a magnification of 40 X 10 x. (A) Histological slide of
gastrocnemius muscle of normal healthy rat. (B) Acute inflammatory response showing hemorrhage, edema and inflammatory cell infiltrates mostly
neutrophils are seen signifying acute inflammatory response accompanied by myonecrosis. (C) Chronic inflammatory response showing primarily the
macrophages and scattered mast cells. (D) Aceclofenac treated rats (E)P. fraternus extract (400 mg/kg) treated rats.
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Fig. (8). HPTLC finger print of Phyllanthus fraternus extract.
For detection of Lignans mobile phase used was chloroform: methanol: water (7:3:0.4, v/v). For detection of Tannins mobile phase used was toluene:
Ethyl acetate: formic acid (6:4:0.3, v/v).

P. amarus extract significantly inhibited the production of
pro-inflammatory mediators (TNF-α, IL-1β, PGE2) and COX-2
protein expression in LPS-induced U937 human macrophages.
The  quantitative  amounts  of  lignans,  phyllanthin,
hypophyllahtin  and  niranthin,  and  polyphenols,  gallic  acid,
geraniin, corilagin, and ellagic acid in the Phyllaanthus extract
were attributed for anti-inflammatory activity [33]. Hemavathy
et  al.  reviewed  focusing  on  the  lignans  (phyllanthin,
hypophyllanthin,  and  niranthin),  tannins  (corilagin,  geraniin,
ellagic acid, gallic acid) of various anti-inflammatory activities
of Phyllanthus exert via  perturbation of the NF-κB, MAPKs,
PI3K/Akt, and Wnt signaling networks [34]. Jantan et al. [35]
reviewed  the  significance  of  Phyllanthus  species  and  their
bioactive  metabolites  particularly  corilagin,  phyllanthin,
hypophyllanthin and niranthin in the modulation of both innate
and adaptive immune systems through various mechanisms and
their  possible  therapeutic  benefits  for  treatment  of  immune-
related  diseases  [34].  Hemavathy et  al.  observed phyllanthin
may exert their suppressive effects on inflammatory process by
mediating the release of inflammatory signaling molecules via
the  NF-κB,  MAPKs,  and  PI3K-Akt  signal  transducing
pathways  [36].  It  is  demonstrated  that  Hypophyllanthin  and

Niranthin  downregulated  COX-2,  TNF-α,  and  IL-1β  gene
expressions  in  U937  macrophages  by  interfering  with  the
activation  of  NF-κB,  MAPKs,  and  Akt  [36].  Our  previous
studies on [10, 12] phyllanthus species also support the chronic
pain modulating potential of these species as like our current
findings. Molecular modelling studies conducted for docking
of  various  phytoconstituents  from  phyllanthus  species  also
suggested  the  docking  potentials  of  these  constituents  on
various targets proteins involved in inflammatory hyperalgesia.
Our current finding confirmed the pain modulating potential of
Phyllanthus  fraternus  species  as  it  is  rich  in  the  lignans  and
tannins.  In  order  to  develop  effective  drugs  for  chronic  pain
treatment,  further  experimental  evaluation  is  essential  for
phytoconstituents  like  phyllanthin,  hypophyllanthin  and
corilagin.  Nowadays,  we  are  more  focusing  on  synthesis,
catalysis,  molecular  modelling  studies  and  implications  to
various  biological  activities  [37  -  57].

CONCLUSION

In  our  current  study,  we  have  demonstrated  the  good
antihyperalgesic and anti-inflammatory potentials of extracts of
fraternus  in  a  chronic  pain  model.  These  activities  might  be
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contributed because of the presence of phytoconstituents like
hypophyllanthin,  phyllanthin,  and  corilagin.  These
phytoconstituents may find usefulness in treatments of chronic
inflammatory muscle pain.

LIST OF ABBREVIATIONS

PGE2 = Prostaglandin E-2

DMSO = Dimethyl sulfoxide

COX = Cyclooxygenase

P. Fraternus = Phyllanthus fraternus
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