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ARTICLE INFO ABSTRACT

Objectives: To evaluate antipyretic, anti-inflammatory, anti-arthritic of hydroalcoholic
extract of Solanum erianthum (HAESE) root-bark and analgesic activity of HAESE leaves
in experimental animals.
Methods: Eddy’s hot plate, tail immersion, acetic acid 0.6% (10 ml/kg i.p.) induced
writhing, brewer’s yeast 20mg/kg (1ml/100gm) induced fever model, Carrageenan (0.1 ml)
induce inflammation and arthritis induced by 0.1 ml Freund’s Complete Adjuvant (FCA)
were used for evaluation of analgesic, antipyretic, anti-inflammatory and anti-arthritic
activity of HAESE at two dose level (100 and 400 mg/kg p.o.). Mean basal reaction time to
pain, latency to flick tail, number of abdominal constriction, body weight, paw volume,
ankle diameter, haematological , bio-chemical parameters and radiological studies of right
hind paw of rats were evaluated in various models used in the study.
Results: The HAE of SE leaves at both doses (100 and 400 mg/kg, p.o.) showed increase in
the mean basal reaction time, latency to flick tail and decrease number of abdominal
constriction compared to control group in Eddy’s hot plate, tail immersion and acetic acid
induced writhing respectively. The HAESE also showed significant reversed the changes in
temperature and paw volume induced by brewer’s yeast and carrageenan respectively. HAESE
root-bark at both doses also significantly reversed FCA induced changes in body weight, paw
volume, ankle diameter, WBC, serum BUN, SGPT, SGOT, RBC count, hemoglobin content,
serum albumin and total protein levels.
Conclusion: In conclusion, the HAESE root-bark and leaves at both doses (100 and 400
mg/kg p.o.) possesses significant antipyretic, anti-inflammatory, anti-arthritic and analgesic
activity respectively.

INTRODUCTION
The Prostaglandins (PGs) are a group of oxygenated,
polyunsaturated, C20 fatty acids containing a characteristic
cyclopentane ring between C8 and C12. PGs are not stored in
tissues but they are bio-synthesized from fatty acid precursors
such as phospholipids.  High levels of PG were found in
inflammatory exudates. PGs are reported to induce vasodilatation,
increased vascular permeability, mast cell degranulation and
leukocytic accumulation.1 PGD2 major metabolite of the cyclo-
oxygenase pathway in mast cells, it causes vasodilation and
potentiate edema formation.2 PGE2 and PGI2 play a major role in
the production of edema, erythma and pain of inflammation by
mediators such as histamine, bradykinin and complement
component C5a. This marked potentiation of the response to
histamine and bradykinin has been observed in several species
viz., guinea pig, rat, rabbit and man.3 PGE2 is also one of the most
potent pyretic agent known.4 PGI2 can potentiate the carrageenan
induced edema and hyperalgesia in rats. Polymorphonuclear
leukocytes appear to be responsible for the local release of

thromboxane (TXA2) during carrageenan induced inflammation
in rats.5 For the treatment of certain human ailments which are
prostaglandin mediated like pain, fever, inflammatory and
diarrhoea conditions more frequently Non-Steroidal Anti-
inflammatory Drugs (NSAIDs) are used. Since, these drugs act by
inhibition of prostaglandin biosynthesis. These drugs have many
adverse effects like (paracetamol) hepatic necrosis, (diclofenac,
indomethacin) gastric irritation and ulceration, dyspepsia and
heart burn due to ulceration of stomach or duodenum ,some time
with fatal outcome. Although central analgesics like morphine,
pethidine, pentazocine are available for relief of severe pain (non
prostaglandin mediated), their use is discouraged due to their
euphoric and other drug dependence liabilities. Hence, overall
there is an immediate need to explore the “natural medicines” in
this direction for relatively safe treatment/management of afore
mentioned disease conditions. Further natural remedies are
believed to be safe and economical.

Solanum erianthum (D.Don) [Family: Solanaceae] is a species of
nightshade, native of southern North America & northern South
America. It is also cultivated in tropical and subtropical regions of
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south India and the Andaman. Solanum erianthum (D.Don) root
bark possess a host of pharmacological properties. It has anti-
inflammatory property and hence is used to treat arthritis. Further,
the root decoction is used to treat dysentery, fever, diarrhoea,
digestive problems and violent body pains. Similarly the leaves
also endowed with several pharmacological properties consisting
of haemorrhoids, scrofula, vertigo and pain.6 However, to our
knowledge ,there are no published scientific studies on antipyretic,
anti-inflammatory anti-arthritic and analgesic activity of Solanum
erianthum (SE) root bark and leaves respectively. The present
study was undertaken to evaluate the antipyretic, anti-
inflammatory and antiarthritic activities of hydroalcoholic extract
(HAE) of SE root bark as well as analgesic activity of  HAE of SE
leaves in validated animal models.

MATERIALS AND METHODS
Collection of plant materials

Root bark and leaves of Solanum erianthum (D.Don) was
collected in the month of December 2010 from kanakur,
Dharwad. The plant of Solanum erianthum (D.Don) was
identified and authenticated by the renowed botanist Professor.
Mr. L.B.Kulkarni, Department of botany, J.M.Bohra Science
College, Shorapur, Yadgiri, Karnataka.

Preparation of the plant extract

Dried root bark and leaves of Solanum erianthum (D.Don)
powdered and subjected to batch-wise extraction in a Soxhlet
apparatus using solvent hydroalcoholic mixture [methanol and
distilled water in the ratio of 70:30 respectively]. The solvent was
then taken in a china dish and evaporated on a thermostat
controlled water bath till it forms a thick paste. The obtained
masses were dried and then stored in an air tight container in
refrigerator until use (yields of root bark and leaves were 4 % w/w
and 3.46% w/w respectively).

Preliminary phytochemical testing of extract

The freshly prepared extract was qualitatively tested for the
presence of chemical constituents such as alkaloids, flavonoids
and sterols and/or triterpenes. They were identified by
characteristic colour changes using standard procedures.7

Experimental animals

Albino rats weighing between (150-200 g) and albino swiss mice
(20-25g) either sex were procured from central animal house of
N.E.T. Pharmacy College, Raichur and kept in 12:12 hr light and
dark cycle for experimental purpose. The animals were
acclimatized to laboratory conditions for 7 days. The animals
were supplied with commercially available standard diet from
Amrut laboratories and Pranav Agro industries Ltd. Sangali and
water was allowed ad libitum under hygienic conditions. All
animal studies were performed in accordance to guidelines of
CPCSEA and Institutional Animal Ethical Committee
(576/2002/bc/IAEC/CPCSEA).

Acute oral toxicity study

The acute oral toxicity of Solanum erianthum (D.Don) root bark
extract was determined in female albino rats(150-200 gm) using
revised OECD guidelines No.425.Animals were devoid of any
normality at the highest dose of 2000 mg/kg. Hence, the 1/5th of
maximum and 1/20th of minimum tested doses i.e.400 mg/kg and
100 mg/kg were respectively selected as experimental doses.8

Drugs and chemicals used

Methanol (S.D. Fine Chemicals Ltd. Mumbai),Anesthetic ether
(Sigma solvents and Pharmaceuticals - Mumbai), Pentazocin
(Fortwin.Ranbaxy laboratories Ltd, Ahmedabad),Acetic acid
(S.D. fine chemicals, Mumbai),  Aspirin (Research Lab, Mumbai)
Brewer’s yeast (S.D. Fine Chemicals Ltd. Mumbai), Paracetamol
(SGS pharmaceutical PVT Ltd., India),Carrageenan (Himedia
Ltd., Mumbai, India) ,Mercury (S.D. fine chemicals, Mumbai),
Freund’s Complete Adjuvant (Merck specialties Pvt. Ltd,
Mumbai ), Indomethacin (Newlife Healthcare, Surat), R.B.C
diluting fluid (S.D. fine chemicals, Mumbai), W.B.C diluting fluid
(Nice Chemicals, Cochin), Chem. Kit for Total protein ,Albumin,
Blood Urea Nitrogen ,SGPT,SGOT estimation (Erba Diagnostics,
Mannheim GmbH, Germany)

Antinociceptive activity

Central analgesic activity

Hot plate Method 9

In this method, mice were divided in four groups of six in each
group. The animals were pretreated with drugs 60 minutes before
experimentation. The first group served as control and received
normal saline. The second group was administered pentazocin
(17.5 mg/kg p.o.) as the standard drug. The third and fourth group
received HAE of SE leaves low dose (100mg/kg  p.o.) and high
dose (400mg/kg p.o.) respectively. They were placed on a hot
plate maintained at a temperature of 55±0.5 0C.The latency to
flick the hind paw or lick or jump from the hot plate was the
reaction time. The reaction time was noted at 0,15,30,45,60,90
and 120 min. The cut off time was considered as 15 seconds.

Tail immersion method 9

In this method, mice were divided in four groups of six each. The
animals were pretreated with drugs 60 minutes before tail
immersion. The first group served as control and received normal
saline. The second group was administered pentazocin (17.5
mg/kg p.o.) as the standard drug. The third and fourth group
received HAE of SE leaves low dose (100mg/kg  p.o.) and high
dose (400mg/kg p.o.) respectively. The distal 2-3 cm portion of
mouse-tail was immersed in hot water maintained at 55±1 0C
.The time taken by the mouse to withdraw the tail from hot water
was noted as reaction time. The cut off time was considered 10-12
sec.

Peripheral analgesic activity

Acetic acid induced writhing model 9

In this method, mice were divided in four groups of six each. The
animals were pretreated with drugs 45 minutes before induction or
writhing. The animals received the standard drug aspirin (20
mg/kg p.o.) which served as reference standard. Analgesic activity
of HAE of SE leaves at both doses (100 and 400 mg/kg p.o.) was
assessed by counting the number of writhes (a response consisting
of contraction of an abdominal wall, pelvic rotation followed by
hind limb extension)  induced by 0.6% acetic acid (10 ml/kg
i.p.).The number of writhes per animal was counted for the next
20 minutes. Percentage protection against abdominal constriction
was taken as an index of analgesia. It was calculated as:

Number of writhing in control group
– Number of writhing in treated group × 100

Number of writhing in control group
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Antipyretic activity

Brewer’s yeast induced fever in rats 10

The rats of either sex weighing between 150-200 gm of body
weight were divided into four groups of six rats in each. The first
group served as control and received normal saline (0.1ml/100 gm
p.o.). The second group was administered Paracetamol (150mg/kg
p.o.) as the standard drug. The third group received HAE of SE
root bark low dose (100mg/kg p.o.). The fourth group also
received HAE of SE root bark high dose (400mg/kg p.o.).
Initial rectal temperatures were recorded using digital
thermometer. Animals were fevered by injecting 20 mg/kg
(1ml/100 gm) of 20% suspension of Brewer’s yeast
subcutaneously. After 18h, animals that showed an increase of
0.3–0.50C in rectal temperature were selected. The test extracts,
reference standard drug, and control saline vehicle were
administered orally and rectal temperature was determined by
digital thermometer 30 min before and 0.5, 1–4 and 5h after
extracts/paracetamol administration.

Anti inflammatory activity
Studies on acute inflammation

Carrageenan induced paw oedema in rats 11

Pedal inflammation in male wistar rats (150-200 g) was produced
according to the method described earlier. An injection (s.c.) was
made of 0.1 ml of 1% carrageenam into the right paw of each rat
under the sub planter aponeurosis.The test groups of rats were
administered intraperitonially with 100 and 400 mg/kg (p.o.) of
HAE of SE root bark 1 h before carrageenan injection. At the
same time,the control group received normal saline and the
reference group received 10 mg/kg indomethacin (p.o.).The paw
value was measured immediately after carrageenan injection and
at 0,1/2,1,2,3,4, and 5 h intervals after the administration of
edematogenic agent using a plethysmometer-apparatus up to the
anatomical hairline on lateral malleolus  and compared with the
control animals,which received only the normal saline.The
inhibitory activity was calculated according to the following
formula.

Percentage Inhibition = [Vc – Vt] x 100
Vc

Where, Vc = paw volume in control group of rats
Vt = paw volume in treated groups of rats

Studies on chronic inflammation

Anti-arthritic activity

Freund’s complete adjuvant (FCA) induced arthritis like
inflammation in rats 12,13,14,15

Arthritis was induced by 0.1 ml injection of FCA containing 10
mg of heat killed mycobacterium tuberculosis in 1 ml of paraffin
oil in to the sub-planter surface of right hind paw. The first group
served as control and received normal saline. The second group
was administered indomethacin (0.6 mg/kg p.o.)13 as the standard
drug. The third and fourth group received HAE of SE root bark
low dose (100mg/kg  p.o.) and high dose (400mg/kg p.o.)
respectively once a day, from the day of injection of FCA and
continued up to 14th post FCA challenge day.The change in the
inflammatory reaction and change in ankle diameter was
measured using mercury plethysmometer and vernier scale
respectively on 1,3,5,9,11 and 13 from the day of FCA injection.
The animals were weighed ,using digital weighing balance, on
1,3,5,9,11 and 13 day from the day of FCA injection. At the end

of  14th day rats were anesthetized with diethyl ether. Blood was
withdrawn by puncture of retro orbital plexus, using EDTA as
anticoagulant and subjected to estimation of RBC, WBC (Total
and Differential count) and mean haemoglobin concentration.
Blood samples were collected from the retro-orbital plexus
without any anti-coagulant. After one hour serum was separated
by centrifugation and maintained at -4oC until further use. The
serum was subjected for determination of BUN, albumin,
SGPT,SGOT and Total protein by using semi auto-analyzer. X-
ray analysis of hind paw joints of the animals was carried out for
evaluating the extent of bone damage.

Statistical analysis

The values were expressed as mean ± SEM for 6 animals. The
results were subjected to 6 animals. The results were subjected to
statistical analysis by using one-way ANOVA followed by
Dunnet-‘t’- test.p < 0.05 was considered as statistically significant.

RESULTS
The results of analgesic activity indicate that, in the Eddy’s hot
plate and tail immersion model, the HAE of SE leaves at doses
(100 and 400 mg/kg, p.o.) showed significant (p<0.01) increase in
the mean basal reaction time and latency to flick tail as compared
to control group respectively. In the acetic acid induced writhing,
the HAE of SE leaves at both doses (100 and 400 mg/kg, p.o.)
restrained the writhing reflex induced by acetic acid an inhibition
percentage of 27.45%  and 37.77 %  respectively. The standard
drug aspirin( 20 mg/kg) also significant (p<0.001) inhibited
writhing response.

Figure 1 X-ray and Photograph of FCA induced arthritic animal on
day

Figure 2 X-ray and Photograph of Indomethacin (0.6 mg/kg p.o)
treated rat in FCA induced arthritic model
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Table 1 Central analgesic effect of the hydroalcoholic extract of Solanum erianthum (D.Don) leaves and Pentazocin
(17.5 mg/kg p.o.) on thermic stimulus induced pain by Eddy’s hot plate at different time intervals in mice(n=6)

Treatment Basal reaction
time (sec)

Reaction time in seconds at time (minutes)

0 15 30 45 60 90 120
Control 3.34±0.71 3.11±0.65 3.13±0.70 3.03±0.71 3.18±0.68 2.89±0.57 2.88±0.64 2.81±0.55

Pentazocin
(17.5mg/kg p.o.)

3.43±0.22 4.79±0.17 5.38±0.19* 5.77±0.18** 6.14±0.22*** 4.69±0.38* 3.96±0.16 3.58±0.16

HAESE low dose
(100mg/kg p.o.)

3.83±0.40 4.44±0.52 5.05±0.48 5.35±0.40* 5.95±0.30** 4.81±0.18** 3.97±0.39 3.26±0.26

HAESE high dose
(400mg/kg p.o.)

3.06±0.69 3.76±0.66 4.88±0.64 5.09±0.64* 5.54±0.55** 4.63±0.37* 3.42±0.54 2.66±0.39

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 mice weighing 20-25 gm. HAESE: Hydroalcoholic extract of Solanum erianthum
Where, * represents less significant at p<0.05, **represents medium significant at p<0.01,
***represents highly significant at P< 0.001 when compared with the control group

Table 2 Central analgesic effect of the hydroalcoholic extract of Solanum erianthum (D.Don) leaves
and Pentazocin on tail flick immersion test at different time intervals in mice (n=6)

Treatment Basal reaction
time (sec)

Caudal immersion in mice at various time intervals (min)
0 30 60 120

Control 4.08 ±0.16 3.75 ±0.18 4.04 ±0.15 3.74 ±0.14 4.13 ±0.26
Pentazocin

(17.5 mg/kg p.o.)
3.55±0.54 5.66±0.68* 6.28±0.75** 4.93±0.50* 2.92±0.27

HAESE low dose
(100mg/kg p.o.)

3.95 ±0.35 4.33 ±0.44 5.98 ±0.17** 5.22 ±0.28** 4.25 ±0.50

HAESE  high dose
(400mg/kg p.o.)

4.30±0.27 5.40±0.52 6.76±0.25*** 5.43±0.19** 3.60±0.48

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 mice weighing 20-25 gm. HAESE: Hydroalcoholic extract of Solanum erianthum

Where, * represents less significant at p<0.05, **represents medium significant at p<0.01,
***represents highly significant at P< 0.001 when compared with the control group

Table 3 Peripheral analgesic effect of the hydroalcoholic extract of Solanum erianthum (D.Don)
leaves and Aspirin on acetic acid induced writhing in mice (n=6)

Treatment
Numbers of writhings

in 20 min.
%

protection
Control 45.00±2.28 -

Aspirin (20 mg/kg p.o.) 5.83±0.70*** 87.03±1.42
HAESE low dose
(100mg/kg p.o.)

32.67±2.01*** 27.45±2.04

HAESE high dose
(400mg/kg p.o.)

28.17±2.52*** 37.77±3.25

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 mice weighing 20-25 gm. HAESE: Hydroalcoholic extract of

Solanum erianthum , Where, * represents less significant at p<0.05, **represents medium significant
at p<0.01, ***represents highly significant at P< 0.001 when compared with the control group

Table 4 Effect of the hydroalcoholic extract of Solanum erianthum (D.Don) root bark and Paracetamol on Brewer’s
yeast induced temperature (oC) in rats (n=6)

Treated group Before yeast
(initial)

18hr
After yeast

Rectal temperature (oC) before and after various treatment

30 min 1 hr 2 hr 3 hr 4 hr 5 hr
Control 36.02±0.08 37.60±0.15 37.85±0.12 38.07±0.13 38.23±0.12 38.42±0.12 38.58±0.14 38.77±0.11

Paracetamol
(150mg/kg p.o.)

36.22±0.20 37.75±0.15 37.38±0.18 37.02±0.19*** 36.63±0.19*** 36.37±0.17*** 36.20±0.17*** 36.37±0.18***

HAESE low dose
(100 mg/kg)

36.32±0.19 37.83±0.12 37.53±0.12 37.23±0.14** 37.00±0.14*** 36.87±0.14*** 37.12±0.14*** 37.33±0.13***

HAESE high dose
(400 mg/kg)

36.12±0.18 37.70±0.11 37.42±0.14 37.18±0.11** 36.95±0.11*** 36.73±0.11*** 36.98±0.12*** 37.18±0.14***

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 rats weighing 150-200gm. HAESE: Hydroalcoholic extract of Solanum erianthum
Where, **represents medium significant at p<0.01, ***represents highly significant at P< 0.001 when compared with the control group.
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Table 5 Effect of hydroalcoholic extract of Solanum erianthum (D.Don) root bark and indomethacin on right hind paw
volume (ml) at different time intervals (h) after carrageenan administration (n=6)

Treated groups

Rats hind paw volume (Mean±SEM) in ml at different time intervals (hr).

0 hr 30 min 1 hr 2 hr 3 hr 4 hr 5 hr
Control 0.95±0.02 1.11±0.02 1.21±0.02 1.30±0.02 1.36±0.00 1.39±0.00 1.31±0.01

Indomethacin
(10 mg/kg p.o.)

0.91±0.01 0.98±0.01** 1.05±0.01*** 1.10±0.01*** 1.14±0.02*** 1.09±0.01*** 1.06±0.01***

HAESE low dose
(100 mg/kg p.o.)

0.92±0.01 1.03±0.01* 1.08±0.01*** 1.14±0.01*** 1.19±0.01*** 1.12±0.02*** 1.08±0.02***

HAESE high dose
(400 mg/kg p.o.)

0.91±0.00 1.00±0.00** 1.07±0.00*** 1.12±0.01*** 1.17±0.01*** 1.10±0.02*** 1.07±0.02***

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 rats weighing 150-200gm. HAESE: Hydroalcoholic extract of Solanum erianthum
Where, * represents less significant at p<0.05, **represents medium significant at p<0.01,
***represents highly significant at P< 0.001 when compared with the control group

Table 6 Percentage inhibition (%) of right hind paw volume (ml) produced by the hydroalcoholic extract
of Solanum erianthum (D.Don) root bark and indomethacin after the Carrageenan challenge (n=6)

Treated group

Percentage Inhibition of rat’s hind paws oedema at different time intervals (hr)

0 hr 30 min 1 hr 2 hr 3 hr 4 hr 5hr
Control - - - - - - -

Indomethacin (10mg/kg p.o.) 4.21% 11.71% 13.22% 15.38% 16.17% 21.58% 19.08%
HAESE low dose
(100 mg/kg p.o.)

3.15% 7.20% 10.74% 12.30% 12.50% 19.42% 17.55%

HAESE high dose
(400 mg/kg p.o.)

4.21% 9.90% 11.57% 13.84% 13.97% 20.86% 18.32%

Table 7 Effect of HAE of Solanum erianthum (D.Don) root bark and indomethacin on the body weight (g) of rats after the
Freund’s Complete Adjuvant challenge (n=6)

Day →
1 3 5 7 9 11 13

% change in body
weight between

day 13 and day 1Treated group ↓

Control 176.5±4.17 178±4.23 179.8±4.09 181.3±4.23 183.2±3.97 185 .2±3.90 187.5±3.99 6.23%
Indomethacin

(0.6mg/kg p.o.)
172.0±7.46 177±7.29 183±7.28 188.8±7.04 193.8±6.69 198.2±6.82 202.7±7.11 17.84%

HAESE low dose
(100mg/kg p.o.)

172.2±3.98 175.3±4.20 179.2±4.20 182.2±4.29 185.5±4.61 188.7±4.63 192.2±4.47 11.61%

HAESE high dose
(400mg/kg p.o.)

189.3±4.47 192.7±4.38 196.7±4.33 201.3±4.40* 204.5±4.38* 208.3±4.67* 212.3±4.55** 12.15%

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 rats weighing 150-200gm. HAESE: Hydroalcoholic extract of Solanum erianthum
Where, * represents less significant at p<0.05, **represents medium significant at p<0.01 when compared with the control group.

Table  8 Effect of HAE of Solanum erianthum (D.Don) root bark and indomethacin on the right hind paw volume
(ml) of rats after the Freund’s Complete Adjuvant challenge (n=6)

Day →
1 3 5 7 9 11 13

Treated group ↓
Control 1.06±0.02 1.24±0.03 1.27±0.03 1.29±0.03 1.22±0.03 1.16±0.02 1.11±0.02

Indomethacin
(0.6mg/kg p.o.)

1.03±0.01 1.22±0.03 1.14±0.02* 1.10±0.01*** 1.07±0.01*** 1.05±0.01** 1.03±0.01*

HAESE low dose
(100 mg/kg p.o.)

1.04±0.01 1.21±0.03 1.18±0.03 1.14±0.03** 1.11±0.03* 1.05±0.01** 0.99±0.01***

HAESE high dose
(400 mg/kg p.o.)

1.06±0.01 1.25±0.02 1.13±0.01** 1.10±0.01*** 1.06±0.00*** 1.03±0.00*** 0.98±0.00***

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 rats weighing 150-200gm. HAESE: Hydroalcoholic extract of Solanum erianthum
Where, * represents less significant at p<0.05, **represents medium significant at p<0.01,
***represents highly significant at P< 0.001 when compared with the control group
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The results of antipyretic activity, in the Brewer’s yeast induced
fever model in rats, the HAE of SE root bark at both doses 100
mg/kg and 400 mg/kg caused significant (p<0.001) decrease in
rectal temperature at 2nd hr. In carrageenan induced paw oedema
model, the HAE of SE root bark at both doses 100 mg/kg and 400
mg/kg showed significant (p<0.001) reduction in paw volume at
4th hr. In FCA induced arthritis model, HAE of SE root bark at
both doses 100 mg/kg and 400 mg/kg had shown a protection
against the arthritic condition in the early phase of the disease.
This was confirmed by observing the various parameters like the
changes in body weights for different groups like control (6.23%),
indomethacin (17.84%), low dose 100 mg/kg (11.61%) and high
dose 400 mg/kg (12.15%). In paw volume there was decrease in
paw volume on day 7 for both (low and high) doses extract as
well as standard when compared to control group animals. The
ankle diameter was decreased on day 3 and day 5 for both (low
and high) doses extract as well as standard when compared to
control group animals. The RBC count and haemoglobin levels
were significantly (p<0.001) increased for both (high and low)
doses HAE as well as standard compared to control group
animals. However, the WBC count was significantly (P<0.001)
decreased for both (high and low) doses extract as well as
standard when compared to control group.

Figure 3 X-ray and Photograph of hydroalcoholic extract of Solanum
erianthum (D.Don) root bark low dose (100mg/kg p.o.) treated rat in

FCA induced arthritic model

Figure 4 X-ray and Photograph of hydroalcoholic extract of Solanum
erianthum (D.Don) root bark high dose (400mg/kg p.o.) treated rat in

FCA induced arthritic model

Table 9 Effect of HAE of Solanum erianthum (D.Don) root bark and indomethacin on the ankle diameter (cm)
of rats after the Freund’s Complete Adjuvant challenge (n=6)

Day →
1 3 5 7 9 11 13

Treated group ↓
Control 0.73±0.01 0.86±0.01 0.92±0.01 0.99±0.02 0.91±0.01 0.85±0.01 0.88±0.01

Indomethacin
(0.6 mg/kg p.o.)

0.76±0.00 0.90±0.00* 0.86±0.00** 0.83±0.00*** 0.82±0.00*** 0.80±0.00* 0.79±0.00

HAESE low dose (100
mg/kg p.o.)

0.72±0.00 0.88±0.00 0.85±0.00*** 0.83±0.00*** 0.80±0.00*** 0.79±0.00** 0.77±0.00

HAESE high dose
(400 mg/kg p.o.)

0.76±0.01 0.91±0.01* 0.88±0.01* 0.86±0.01*** 0.83±0.01*** 0.80±0.01* 0.79±0.01

Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 rats weighing 150-200gm. HAESE: Hydroalcoholic extract of Solanum erianthum
Where, * represents less significant at p<0.05, **represents medium significant at p<0.01,
***represents highly significant at P< 0.001 when compared with the control group

Table 10 Effect of HAE of Solanum erianthum (D.Don) root bark and indomethacin on Haematological and
Bio-chemical Parameters measured on day 14 in group of rats (n=6)

Parameters
Groups

Control
Indomethacin

(0.6 mg/kg p.o.)
HAESE  low dose
(100mg/kg p.o.)

HAESE high dose
(400mg/kg p.o.)

Haematological
parameters

(units)

RBC count
(millions/cu mm) 4.10±0.15 5.94±0.44*** 5.83±0.24*** 5.88±0.21***

WBC count
(Per cu mm)

12958 ±191.7 10258 ±354.8*** 8875 ±409.0*** 9467 ±421.4***

Haemoglobin
(gms/100 ml)

10.72±0.35 13.33±0.51*** 12.93±0.41** 13.42±0.41***

Bio-chemical
parameters (units)

BUN(mg/dl) 41.73±5.35 25.10±4.96* 28.10±1.92 27.50±3.44
Albumin (g/dl) 2.86±0.34 8.30±0.96*** 2.96±0.18 5.35±0.81*

SGPT (mmol/L) 66.60±12.33 52.74±19.43 40.96±3.07 43.90±2.11
SGOT (mmol/L) 176.21 ±14.04 166.20 ±20.63 102.84 ±12.38* 130.54 ±18.53

Total protein(g/dl) 4.99±0.31 17.18±1.69*** 6.17±0.45 9.77±1.84*
Data was analysed by using ANOVA followed by Dunnett’s test was performed
Each value is the mean ± SEM of 6 rats weighing 150-200gm. HAESE: Hydroalcoholic extract of Solanum erianthum.
Where, * represents less significant at p<0.05, **represents medium significant at p<0.01,
***represents highly significant at P< 0.001 when compared with the control group
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The serum BUN level there was less significant (P<0.05) decrease
for indomethacin and non- significant (P>0.05) decrease for both
(low and high) doses extract when compared to control group.
The serum SGPT level there was non- significant ((P>0.05)
decrease for both (low and high) doses extract and indomethacin
when compared to control group .The serum SGOT level there
was non- significant (P>0.05) decrease for high dose extract as
well as indomethacin and less significant (p<0.05) increase for
low dose extract when compared to control group. The total
protein and albumin level there was highly significant (p<0.001)
increase for indomethacin and less significant (p<0.05) increase
for high dose extract when compared to control group .The x-ray
studies showed that, there was no soft tissue swelling as well as
bony destruction for standard, while in both high and low doses
HAE of SE shown less soft tissue swelling and bony destruction
compared to control group animals.

DISCUSSION
The HAE of SE leaves at both the doses (100 mg/kg and 400
mg/kg p.o.) tested was shown to possess anti-nociceptive activity
evident in all the nociceptive models, signifying it possesses both
central and peripherally mediated activities. Pain induced by
thermal stimulus of the hot-plate is specific for centrally mediated
nociception and thought to involve opioids.16 Pain is centrally
modulated via a number of complex processes including opiate,
dopaminergic, descending noradrenergic and serotonergic
systems. The analgesic effect produced by the extract may be via
central mechanisms involving these receptor systems or via
peripheral mechanisms involved in the inhibition of
prostaglandins, leucotrienes, and other endogenous substances
that are key players in inflammation and pain.17 Tail immersion
method has been found to be suitable for evaluation of centrally
acting analgesics. The nociceptors seem to be sensitized by
sensory nerves. The involvement of endogenous substances such
as PGs may be minimized in this model. The abdominal
constriction response induced by acetic acid is a sensitive
procedure to evaluate peripherally acting analgesics. In
general,acetic acid causes pain by liberating endogenous
substances such as serotonin,histamine, prostaglandins (PGs),
bradykinins and substance P, which stimulate nerve endings.
Local peritoneal receptors are postulated to be involved in the
abdominal constrictions response.18 The method has also been
associated with prostanoids in general, that is, increased levels of
PGE2 and PGF2α in peritoneal fluids19, as well as lipoxygenase
products. The significant reduction in acetic acid-induced writhes
by HAE of SE leaves suggests that the analgesic effect may be
peripherally mediated via the inhibition of synthesis and release of
PGs and other endogenous substances.

The present investigation reports, for the first time, antipyretic
activity of HAE of SE root bark supporting its traditional use. The
hypothalamus regulates the set point at which body temperature is
maintained. In fever, this set point is elevated.20 Fever may be a
result of infection or one of the sequence of tissue damage,
inflammation, graft rejection, malignancy or other disease states.
A common feature of these conditions is the enhanced formation
of cytokines such as IL-1B, IL-6, interferon alpha & beta and
TNF. The cytokines increase the synthesis of PGE2 circum
ventricular organs in and near to the preoptic hypothalamic area,
alpha PGE2, via increased cyclic AMP, triggers the hypothalamus
to the elevate body temperature by promoting increase in heat
generation and decrease in heat loss. NSAID’s suppress this
response by inhibiting the synthesis of PGE2.21 With the observed

significant antipyretic activity in experimental animals by HAE of
SE root bark at both doses (100 and 400 mg/kg p.o.), the
mechanism of action could, probably, be due to suppression of the
enhanced formation of different cytokines and there by inhibiting
the synthesis of PGE2 involved in pyrexia. Carrageenan induced
paw oedema is an in vivo model of inflammation; it was selected
to assess the anti-inflammatory activity of natural products
particularly in the acute phase of inflammation. oedema formation
due to Carrageenan in the rat is a biphasic event. The first phase is
due to the histamine and serotonin release, then peak effect is
observed at 180 min due to release of kinin-like substances, and
the second phase is caused by the release of protease,
prostaglandin and lysosome.22 ,Therefore, it can be assumed that
the inhibitory effect of all the extracts and indomethacin on
carrageenan-induced inflammation could be due to the inhibition
of the enzyme cyclo-oxygenase, leading to the inhibition of
prostaglandin synthesis.23 Oral administration of the HAE of SE
root bark at both doses (100 mg/kg and 400 mg/kg p.o.),
suppressed the edematous response after 2 h and this effect
continued upto 5 h. The observed effect was comparable with that
produced by indomethacin administration. Arthritis is a chronic
inflammatory disorder that involves the release of number of
mediators like cytokines (IL-IB and TNF-α), GM-CSF,
interferon’s and PGDF. These mediators are responsible for the
pain, destruction of bone and cartilage that can lead to severe
disability.24

In this model, rats were selected to induce arthritis because rats de
velop a chronicswelling in multiple joints with influence of inflam
matory cells, erosion of joint cartilage and bone destruction. It has
close similarities to human rheumatoid disease.25 The loss of body
weight during arthritic condition was due to decrease of food
intake throughout the period of study due to immobility
accompanying hyperalgesia that leads to reduced absorption of
14C- glucose and 14C- leucine in rat’s intestine during
inflammation26, but using anti-inflammatory drugs the decrease in
absorption was nullified.27 The treatment of inflamed group of rats
with the HAE of SE root bark at both doses (100 mg/kg and 400
mg/kg p.o.) and indomethacin corrected the decreased body
weight during inflammation. Following the injection of FCA into
the right hind paw, the paw rapidly increases in size during the
first three days. Thereafter the swelling diminishes slightly until
about 7 or 8 days after the injection. At approximately day 10,
inflamed lesions, called secondary lesions, appear in the ears, tail
and in joints of hind paws. Fourteen days after the injection the
lesions have usually proliferated so extensively that hind paw and
ankle joint are red and swollen. Subsequently the inflammation
subsides leaving pale granulomatous swellings around the joints.
This condition seems nearer to human rheumatoid arthritis than
any other laboratory model so far investigated.28 After the
administration of FCA, there was increase in right hind paw
volume in control group of rats, which was suppressed by the
HAE of SE root bark at both doses (100 mg/kg and 400 mg/kg
p.o.) and indomethacin treated group of rats.

It has been reported that the soft tissue swelling seen around the
ankle joints was found to be due to edema of periarticular tissues,
such as ligaments of joint capsules. An increase in granulocytes
and monocytes was found to be associated with increase in ankle
diameter of control group of rats.29 After the administration of
FCA, there was increase in ankle diameter in control group of rats,
which was suppressed by the HAE of SE root bark at both doses
(100 mg/kg and 400 mg/kg p.o.) and indomethacin treated group
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of rats. In the present study, the toxicant group of rats showed a
reduced RBC count and Hb level. The two most common reasons
for anaemia in arthritic patients are gastrointestinal blood loss
from arthritic medication and bone-marrow changes in patients
with inflammatory arthritis which prevents the release of iron for
incorporation into RBCs.

30,31 The HAE of SE root bark at both
doses (100 mg/kg and 400 mg/kg p.o.) and indomethacin treated
group showed a significant recovery from anaemic condition, by
increasing the RBC count and Hb content of adjuvant rats.
In arthritis condition, there is a mild to moderate rise in WBC
count due to release of IL-IB inflammatory response. IL-IB
increases the production of both granulocyte and macrophages
colony stimulating factor.24,32 In the present study, the migration
of leucocytes into the inflamed area was significantly suppressed
by the HAE of SE root bark at both doses (100 mg/kg and 400
mg/kg p.o.) and indomethacin treated group of rats as seen from
significant decrease in total WBC count as compared to control
group of rats. Increased BUN levels in the control group of rats
indicates kidney dysfunction which may be due to the substantial
fraction of blood urea in arthritic rats derived from arginine
synthesized in kidneys.33 There was decrease in BUN levels in the
HAE of SE root bark at both doses (100 mg/kg and 400 mg/kg
p.o.) and indomethacin treated group of rats. It has been reported
that ,decrease in the albumin levels in the control group, might be
due to the acute phases of inflammation that could merely be the
reflection of the increase in capillary permeability.28 There was
increase in albumin levels in the HAE of SE root bark at both
doses (100 mg/kg and 400 mg/kg p.o.) and indomethacin treated
group of rats.

Tissue damage can be measured clinically by assay of enzyme
activity in sera and tissues, increase in the SGPT and SGOT levels
in the control group, may be due to the increase in
aminotransferases in serum that causes the release of enzymes
from the cells of the damaged organ (liver), which is a feature of
adjuvant arthritis.34 There was  decrease in SGPT and SGOT
levels in the HAE of SE root bark at both doses (100 mg/kg and
400 mg/kg p.o.) and indomethacin treated group of rats. It has
been reported that, decrease in the serum total protein levels in the
control group, may be due the absence of liver damage induced by
AA (adjuvant arthritis) treated rats.35 There was increase in total
protein levels in the HAE of SE root bark at both doses (100
mg/kg and 400 mg/kg p.o.) and indomethacin treated group of
rats. In arthritic rats, erosions representing bony destruction were
evident on bone unprotected by cartilage, since they were directly
exposed to cytokines and enzyme mediators in synovial tissue.
Narrowing of spaces secondary to articular cartilage to diffuse
within joints. The x-ray appearance commonly referred to as
diminished joint space is the hallmark of arthritis. The diminished
joint space represents a loss of articular cartilage, which may be
brought by a variety of pathological mechanism. The HAE of SE
root bark at both doses (100 mg/kg and 400 mg/kg p.o.) and the
indomethacin group had shown prevention against bony
destruction by showing less soft tissue swelling and narrowing of
the joint spaces.12

The present study shows that the adverse physical,
haematological, biochemical and radiological changes in arthritic
group of rats were reversed to a considerable extent by oral
administration of HAE of SE root bark at both doses (100 mg/kg
and 400 mg/kg p.o.). Phytochemical analysis of hydroalcoholic
extract of Solanum erianthum (D.Don) root bark and leaves at
both doses (100 mg/kg and 400 mg/kg p.o.) had shown the

presence of chemical constituents like flavonoids, alkaloids,
sterols and terpenoids. Flavonoids have shown to be responsible
for preventing osteoporosis, where they increase the bone mineral
density.36 Flavanoids and terpenoids are well known for their
ability to inhibit pain and inflammation. Experimental studies
showed that Flavonoids act by inhibiting osteoclastic bone
resorption both in vitro and in vivo by increasing calcium
absorption from intestine and prevents bone loss by improving the
balance of bone formation and resorption. The presence of
flavonoids is reported to be responsible for anti-arthritic activity in
nut milk extract of Semecarpus anacardium Linn.12 Hence, it can
be assumed that antipyretic, anti-inflammatory, anti-arthritic and
anagesic activity of hydroalcoholic extract of Solanum
erianthum(D.Don) root bark and leaves might be produced due to
the presence of flavonoids, alkaloids, sterols  and terpenoids.

CONCLUSION
The HAE of SE root bark and leaves at both doses (low at 100
mg/kg, high at 400 mg/kg) produces significant, anti pyretic, anti-
inflammatory, anti-arthritic and analgesic activity respectively.

Acknowledgements
Authors are thankful to N.E.T Pharmacy College, Raichur for
providing necessary research facilities.

References
1. John A, Salmon, Gerald A.1987. Higgs in

prostaglandins and leukotrienes as inflammatory
mediators. British Medical Bulletin., 43(2): 285-29

2. Mitchell RN, Cotran RS.2000. Acute and chronic
inflammation. In: Robinson’s Basic pathology. 7th ed.
New Delhi: Harcourt (India) Pvt. Ltd.

3. Saxena PN, Singhal KC, Ahmed M.1979. Prostaglandin
like activity in the cerebrospinal fluid of febrile patients.
Ind J Med Res., 70: 496-98.

4. Higgs GA, Vane JR.1983. Inhibition of cyclooxygenase
and lipoxygenase. British Medical Bulletin.,39: 267.

5. Whitt BJR, Moncada S. 1983. Pharmacology of
prostacyclin and thromboxanes. British Medical
Bulletin., 39: 232-237.

6. Khare CP.1938. Indian medicinal plants-An Illustrated
dictionary, Springler Science, New- Delhi, India.,p.611-
612

7. Khandelwal KR.2000. Practical Pharmacognosy.
Techniques and Experiments. Pune, Nirali Prakashan.,
2:149-155.

8. OECD 2001 guidelines on acute oral toxicity.
Environmental health and safety                  monograph
series on testing and adjustment no.425.

9. Bachhav RS, Gulecha VS, Upasani CD.2009. Analgesic
& Anti- inflammatory activity of Argyreia Speciosa
root. Ind J of Pharmacol., 41(4):158-161.

10. Asongalem EA, Foyet HS, Ekobo S, Dimo T,
Kamtchouing.2004. Antiinflammatory, lack of central
analgesia antipyretic properties of Acanthus montanus
(Ness) T. Anderson. J Ethnopharmacol.,95: 63-68.

11. Winter CA, Risley EA, Nuss. 1962.Carrageenan
Induced Oedema in hind paw of the rat as assay for anti
inflammatory drugs. Proceedings of society of Experi
Biolo Medi.,111: 544-47.

12. Ramprasath VR, Shanthi P, Sachdanandam P.2006.
Curative effect of Semicarpus anacardium Linn. nut



International Journal of Recent Scientific Research, Vol. 5, Issue, 2, pp.548-556, February, 2014

556

milk extract against adjuvant arthritis with special
reference to bone metabolism. Chemico-Biological
Interactions., 160(3): 183-192.

13. Enna SJ, Michael W, John WF, Terry K, Roger
DP.2007.Models of inflammation: Adjuvant- induced
arthritis in the rat. In Short protocols in pharmacology
and drug discovery, Wiley published by john and sons,
Inc.,p.5-30.

14. Gomaa AA, Elshenaway MM, Affi NA, Mohammed
EA, Thabit RH.2009. Dual effect of nitric oxide donor
on adjuvant arthritis. International Immuno
pharmacology., 9(4): 439-447.

15. Coelho MGP, Marques PR, Gayer CRM.2001.Sub acute
toxicity evaluation of a hydroalcoholic extract of
Pterodon pubescens seeds in mice with collagen induced
arthritis. J Ethnopharmacol., 77(2-3): 159-164.

16. Teshale M, Kelbesa U, Ephrem E.2010.Evaluation of
the diuretic and analgesic activities of the rhizomes of
Rumex abyssinicus jacq in mice.Journal of
ethnopharmacology., 127:433-439.

17. Mahesh  SP, Swati P,Sachin RP ,Ravi K, Patil
MB.2009.Evaluation of the analgesic and antipyretic
activities of ethanolic extract of male flowers
(inflorescences) of Borassus flabellifer
(arecaceae).International journal of pharmacy and
pharmaceutical sciences.,1(2):98-106.

18. Bentley GA, Newton SH, Starr J.1983. Studies on the
Anti-nociceptive Action of Agonist Drugs and their
Interaction with Opioid  Mechanisms. Br J Pharmacol.,
79:125 –134.

19. Derardt R, Jongney S, Delevalcee F et al.1980. Release
of Prostaglandin E and F in an analgesic Reaction and its
Inhibition. Eur J Pharmacol.,51: 17 –24.

20. Dascombe MJ.1985. “The Pharmacology of
hyperthermia”, Prog. Neurabiol., 25: 327-373.

21. Saper C B, Breder C D.1994. “The Neurologic basis of
fever” N Engl. J Med.,330: 1880-1886.

22. YL, Zong HA, Zhen ML, Hong YX, Xiao MZ, Wen
FD, et al.2008.Analgesic and anti-inflammatory effects
of the dry matter of culture broth of Termitomyces
albuminosus and its extracts. J Ethanopharmacol.,
120:432-436.

23. Das BN, Saha A and Ahmed M.2009. Anti-
inflammatory activity of bark of Xeromphis spinosa.
Bang J pharmacol ., 4: 76-78.

24. William JK. Arthritis and allied condition.1996. A
textbook of rheumatology. 3rd ed. vol.-1. A waverlay
Company, Baltimore, Tokyo., p. 1207-1226.

25. Eric GB, Lawrence JL.1996. Rheumatoid Arthritis and
its therapy. The textbook of therapeutics drug and
disease management. 16th ed. Williams and Wilkins
Company, Baltimore., p. 579-595.

26. Somasundaram S, Sadique J, Subramoniam A.1983. In
vitro absorption of 14C leucine during inflammation and
the effect of anti-inflammatory drugs in the jejunum of
rats. Biochem Med.,29(2): 259-64.

27. Kweifo OG, Carroll CA.1993. Anti-arthritic effect of
lupeol acetate, phytother. Res.,7: 213-215

28. Lowe JS.1964. Serum Protein Changes in rats with
arthritis induced by mycobacterial adjuvant. Biochem
Pharmacol.,Vol. 13, p. 633-641.

29. Kweifio OG, Carroll CA.1992. Antiarthritic effect of
Alstonia boonei triterpenes. In Recent Advances in
Toxicology Research. 3rd ed. VTRG, Singapore.,p. 19-
28.

30. Allar S, O’Driscoll J, Laurie A.1977. Salmonella
osteomyelitis in aplastic anaemia after anti-lymphocytic
globulin and steroid treatment. J Clin Pathol., 2:174-175.

31. Mowat G.1971. Haematological abnormalities in
rheumatoid arthritis. Semin Arthritis Rheum.,1: 195-199.

32. Winder CV, Lembke LA, Stephens MD.1969.
Comparative bioassay of drugs in adjuvant induced
arthritis in rats: flufenamic acid, mefenamic acid and
phenylbutazone. Arthritis Rheum., 12(5): 472-482.

33. Filho PY, Bracht A, Ishii-Iwato EL, Lousano SH, Bracht
L, Kelmer BAM.2003. The urea cycle in the liver of
arthritic rats. Mol Cell Biochem.,243: 97-106.

34. Whitehouse MW, Orr KT, Beck FWJ, Pearson
CM.1974. Immunol ., 27: 311-315.

35. Gayer CRM, Pinto MG, Marques PR.2001. Sub acute
toxicity evaluation of a hydroalcoholic extract of
Pterodon pubescens seeds in mice with collagen induced
arthritis. J Ethnopharmacology.,77: 159-164.

36. Nijveldt RJ, Nood EV, Hoorn DE, Boelens PG, Norren
KV, Paul AM, Leeuwen V.2001. Flavonoids: a review
of probable mechanism of action and potential
applications. Am J Clin Nutr ., 74: 418-425.

*******

International Journal of Recent Scientific Research, Vol. 5, Issue, 2, pp.548-556, February, 2014

556

milk extract against adjuvant arthritis with special
reference to bone metabolism. Chemico-Biological
Interactions., 160(3): 183-192.

13. Enna SJ, Michael W, John WF, Terry K, Roger
DP.2007.Models of inflammation: Adjuvant- induced
arthritis in the rat. In Short protocols in pharmacology
and drug discovery, Wiley published by john and sons,
Inc.,p.5-30.

14. Gomaa AA, Elshenaway MM, Affi NA, Mohammed
EA, Thabit RH.2009. Dual effect of nitric oxide donor
on adjuvant arthritis. International Immuno
pharmacology., 9(4): 439-447.

15. Coelho MGP, Marques PR, Gayer CRM.2001.Sub acute
toxicity evaluation of a hydroalcoholic extract of
Pterodon pubescens seeds in mice with collagen induced
arthritis. J Ethnopharmacol., 77(2-3): 159-164.

16. Teshale M, Kelbesa U, Ephrem E.2010.Evaluation of
the diuretic and analgesic activities of the rhizomes of
Rumex abyssinicus jacq in mice.Journal of
ethnopharmacology., 127:433-439.

17. Mahesh  SP, Swati P,Sachin RP ,Ravi K, Patil
MB.2009.Evaluation of the analgesic and antipyretic
activities of ethanolic extract of male flowers
(inflorescences) of Borassus flabellifer
(arecaceae).International journal of pharmacy and
pharmaceutical sciences.,1(2):98-106.

18. Bentley GA, Newton SH, Starr J.1983. Studies on the
Anti-nociceptive Action of Agonist Drugs and their
Interaction with Opioid  Mechanisms. Br J Pharmacol.,
79:125 –134.

19. Derardt R, Jongney S, Delevalcee F et al.1980. Release
of Prostaglandin E and F in an analgesic Reaction and its
Inhibition. Eur J Pharmacol.,51: 17 –24.

20. Dascombe MJ.1985. “The Pharmacology of
hyperthermia”, Prog. Neurabiol., 25: 327-373.

21. Saper C B, Breder C D.1994. “The Neurologic basis of
fever” N Engl. J Med.,330: 1880-1886.

22. YL, Zong HA, Zhen ML, Hong YX, Xiao MZ, Wen
FD, et al.2008.Analgesic and anti-inflammatory effects
of the dry matter of culture broth of Termitomyces
albuminosus and its extracts. J Ethanopharmacol.,
120:432-436.

23. Das BN, Saha A and Ahmed M.2009. Anti-
inflammatory activity of bark of Xeromphis spinosa.
Bang J pharmacol ., 4: 76-78.

24. William JK. Arthritis and allied condition.1996. A
textbook of rheumatology. 3rd ed. vol.-1. A waverlay
Company, Baltimore, Tokyo., p. 1207-1226.

25. Eric GB, Lawrence JL.1996. Rheumatoid Arthritis and
its therapy. The textbook of therapeutics drug and
disease management. 16th ed. Williams and Wilkins
Company, Baltimore., p. 579-595.

26. Somasundaram S, Sadique J, Subramoniam A.1983. In
vitro absorption of 14C leucine during inflammation and
the effect of anti-inflammatory drugs in the jejunum of
rats. Biochem Med.,29(2): 259-64.

27. Kweifo OG, Carroll CA.1993. Anti-arthritic effect of
lupeol acetate, phytother. Res.,7: 213-215

28. Lowe JS.1964. Serum Protein Changes in rats with
arthritis induced by mycobacterial adjuvant. Biochem
Pharmacol.,Vol. 13, p. 633-641.

29. Kweifio OG, Carroll CA.1992. Antiarthritic effect of
Alstonia boonei triterpenes. In Recent Advances in
Toxicology Research. 3rd ed. VTRG, Singapore.,p. 19-
28.

30. Allar S, O’Driscoll J, Laurie A.1977. Salmonella
osteomyelitis in aplastic anaemia after anti-lymphocytic
globulin and steroid treatment. J Clin Pathol., 2:174-175.

31. Mowat G.1971. Haematological abnormalities in
rheumatoid arthritis. Semin Arthritis Rheum.,1: 195-199.

32. Winder CV, Lembke LA, Stephens MD.1969.
Comparative bioassay of drugs in adjuvant induced
arthritis in rats: flufenamic acid, mefenamic acid and
phenylbutazone. Arthritis Rheum., 12(5): 472-482.

33. Filho PY, Bracht A, Ishii-Iwato EL, Lousano SH, Bracht
L, Kelmer BAM.2003. The urea cycle in the liver of
arthritic rats. Mol Cell Biochem.,243: 97-106.

34. Whitehouse MW, Orr KT, Beck FWJ, Pearson
CM.1974. Immunol ., 27: 311-315.

35. Gayer CRM, Pinto MG, Marques PR.2001. Sub acute
toxicity evaluation of a hydroalcoholic extract of
Pterodon pubescens seeds in mice with collagen induced
arthritis. J Ethnopharmacology.,77: 159-164.

36. Nijveldt RJ, Nood EV, Hoorn DE, Boelens PG, Norren
KV, Paul AM, Leeuwen V.2001. Flavonoids: a review
of probable mechanism of action and potential
applications. Am J Clin Nutr ., 74: 418-425.

*******

International Journal of Recent Scientific Research, Vol. 5, Issue, 2, pp.548-556, February, 2014

556

milk extract against adjuvant arthritis with special
reference to bone metabolism. Chemico-Biological
Interactions., 160(3): 183-192.

13. Enna SJ, Michael W, John WF, Terry K, Roger
DP.2007.Models of inflammation: Adjuvant- induced
arthritis in the rat. In Short protocols in pharmacology
and drug discovery, Wiley published by john and sons,
Inc.,p.5-30.

14. Gomaa AA, Elshenaway MM, Affi NA, Mohammed
EA, Thabit RH.2009. Dual effect of nitric oxide donor
on adjuvant arthritis. International Immuno
pharmacology., 9(4): 439-447.

15. Coelho MGP, Marques PR, Gayer CRM.2001.Sub acute
toxicity evaluation of a hydroalcoholic extract of
Pterodon pubescens seeds in mice with collagen induced
arthritis. J Ethnopharmacol., 77(2-3): 159-164.

16. Teshale M, Kelbesa U, Ephrem E.2010.Evaluation of
the diuretic and analgesic activities of the rhizomes of
Rumex abyssinicus jacq in mice.Journal of
ethnopharmacology., 127:433-439.

17. Mahesh  SP, Swati P,Sachin RP ,Ravi K, Patil
MB.2009.Evaluation of the analgesic and antipyretic
activities of ethanolic extract of male flowers
(inflorescences) of Borassus flabellifer
(arecaceae).International journal of pharmacy and
pharmaceutical sciences.,1(2):98-106.

18. Bentley GA, Newton SH, Starr J.1983. Studies on the
Anti-nociceptive Action of Agonist Drugs and their
Interaction with Opioid  Mechanisms. Br J Pharmacol.,
79:125 –134.

19. Derardt R, Jongney S, Delevalcee F et al.1980. Release
of Prostaglandin E and F in an analgesic Reaction and its
Inhibition. Eur J Pharmacol.,51: 17 –24.

20. Dascombe MJ.1985. “The Pharmacology of
hyperthermia”, Prog. Neurabiol., 25: 327-373.

21. Saper C B, Breder C D.1994. “The Neurologic basis of
fever” N Engl. J Med.,330: 1880-1886.

22. YL, Zong HA, Zhen ML, Hong YX, Xiao MZ, Wen
FD, et al.2008.Analgesic and anti-inflammatory effects
of the dry matter of culture broth of Termitomyces
albuminosus and its extracts. J Ethanopharmacol.,
120:432-436.

23. Das BN, Saha A and Ahmed M.2009. Anti-
inflammatory activity of bark of Xeromphis spinosa.
Bang J pharmacol ., 4: 76-78.

24. William JK. Arthritis and allied condition.1996. A
textbook of rheumatology. 3rd ed. vol.-1. A waverlay
Company, Baltimore, Tokyo., p. 1207-1226.

25. Eric GB, Lawrence JL.1996. Rheumatoid Arthritis and
its therapy. The textbook of therapeutics drug and
disease management. 16th ed. Williams and Wilkins
Company, Baltimore., p. 579-595.

26. Somasundaram S, Sadique J, Subramoniam A.1983. In
vitro absorption of 14C leucine during inflammation and
the effect of anti-inflammatory drugs in the jejunum of
rats. Biochem Med.,29(2): 259-64.

27. Kweifo OG, Carroll CA.1993. Anti-arthritic effect of
lupeol acetate, phytother. Res.,7: 213-215

28. Lowe JS.1964. Serum Protein Changes in rats with
arthritis induced by mycobacterial adjuvant. Biochem
Pharmacol.,Vol. 13, p. 633-641.

29. Kweifio OG, Carroll CA.1992. Antiarthritic effect of
Alstonia boonei triterpenes. In Recent Advances in
Toxicology Research. 3rd ed. VTRG, Singapore.,p. 19-
28.

30. Allar S, O’Driscoll J, Laurie A.1977. Salmonella
osteomyelitis in aplastic anaemia after anti-lymphocytic
globulin and steroid treatment. J Clin Pathol., 2:174-175.

31. Mowat G.1971. Haematological abnormalities in
rheumatoid arthritis. Semin Arthritis Rheum.,1: 195-199.

32. Winder CV, Lembke LA, Stephens MD.1969.
Comparative bioassay of drugs in adjuvant induced
arthritis in rats: flufenamic acid, mefenamic acid and
phenylbutazone. Arthritis Rheum., 12(5): 472-482.

33. Filho PY, Bracht A, Ishii-Iwato EL, Lousano SH, Bracht
L, Kelmer BAM.2003. The urea cycle in the liver of
arthritic rats. Mol Cell Biochem.,243: 97-106.

34. Whitehouse MW, Orr KT, Beck FWJ, Pearson
CM.1974. Immunol ., 27: 311-315.

35. Gayer CRM, Pinto MG, Marques PR.2001. Sub acute
toxicity evaluation of a hydroalcoholic extract of
Pterodon pubescens seeds in mice with collagen induced
arthritis. J Ethnopharmacology.,77: 159-164.

36. Nijveldt RJ, Nood EV, Hoorn DE, Boelens PG, Norren
KV, Paul AM, Leeuwen V.2001. Flavonoids: a review
of probable mechanism of action and potential
applications. Am J Clin Nutr ., 74: 418-425.

*******


