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ABSTRACT

Extracts obtained from the leaves of various Alocasia species have been used in India as folk remedy for the
treatment of various inflammatory ailments including rheumatism and bruise. The ethanolic extract of leaves of
Alocasia indica Schott. was evaluated by using different in vitro antioxidant models of screening like scavenging
of 1, 1-diphenyl-2-picryl hydrazyl (DPPH) radical, nitric oxide radical, superoxide anion radical, and hydroxyl
radical. The antinociceptive activity was tested by acetic acid-induced writhing response, hot plate method, and
tail flick method in albino rats. The anti-inflammatory potential of gels of ethanolic extract has been determined
by using carrageenan-induced paw edema assay, formalin-induced paw edema assay, arachidonic acid-induced
ear edema assay, and xylene-induced ear edema assay. The extract showed remarkable antioxidant activity in
all models, comparable to the standard reference drug ascorbic acid. The ethanolic extract of Alocasia indica
and its gels produced dose-dependent antinociceptive and anti-inflammatory activity, respectively. This finding
suggests that ethanolic extract of A. indica possess potent antinociceptive and anti-inflammatory activity possibly
due to its free radical scavenging properties.
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INTRODUCTION

Alocasia indica Schott. is an indigenous herb belonging
to family Araceae. Different parts of this plant are
traditionally used in inflammation and in diseases of
abdomen and spleen.!" The juice of leaves of the plant is
used as digestive, laxative, diuretic, astringent, and for the
treatment of rheumatic arthritis.” It has hepatoprotectivel”
and antifungal properties.”l This plant contains flavonoids,
cynogenetic glycosides, ascorbic acid, gallic acid, mallic
acid, oxalic acid, alocasin, amino acids, succinic acid, and
B-lectines.”! Since no scientific data are available to justify
the traditional anti-inflammatory potential of the plant,
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the present study was planned to validate the therapeutic
use of this plant in treatment of inflammatory conditions.

MATERIALS AND METHODS
Chemicals

All chemicals and solvents were of analytical grade and
obtained from Loba Chemicals Ltd, Mumbai. 1, 1-diphenyl,
2-picryl hydrazyl (DPPH) was obtained from Sigma
Chemicals, USA. The other chemicals used were sodium
nitroprusside, sulphanilamide, O-phosphoric acid, napthyl
ethylene diamine dihydrochloride, trichloroacetic acid
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(TCA), glacial acetic acid, nitroblue tetrazolium (NBT),
ethylene diamine tetra acetic acid (EDTA), riboflavin,
and Fe-EDTA. Carrageenan was obtained from Sigma-
Aldrich, USA. Volini gel (Diclofenac sodium) was a gift
sample from Ranbaxy Laboratories Ltd, Punjab. UV-
Visible spectrophotometer (Shimadzu 1700) was used for
recording the spectra.

Experimental animals

Wistar albino rats weighing 175-225 g of either sex were
obtained from Krishna Institute of Medical Sciences, Karad,
Dist- Satara (Maharashtra) and were acclimatized for 10 days
under standard housing conditions (24° + 1°C; 45-55% RH
with 12:12 h light/dark cycle). The animals had free access to
rat food (Lipton Gold Mohr, India) and water. The animals
were habituated to laboratory conditions for 48 h prior to
the experimental protocol to minimize any nonspecific stress.
The experimental protocol was approved by the Institutional
Animal Ethics Committee by Government College of
Pharmacy, Karad, India, and animals were maintained
under standard conditions in the animal house approved by
Committee for the Purpose of Control and Supervision on
Experiments on Animals (CPCSEA).

Plant material

Fresh leaves of A. indica Schott. (Araceae) collected from
different places at Karad were authenticated at Botany
Dept., Yashwantrao Chavan College of Science, Karad,
and a voucher specimen was deposited at the Herbarium
of institute.

Preparation of extract

The ethanolic extract of leaves of 4. indica was prepared
by soxhletion. The powdered plant material (750 g) was
repeatedly extracted in a round bottom flask with 2250
ml ethanol. The reflux time was 40 cycles for complete
extraction. The extract was cooled at room temperature,
filtered, and evaporated to dryness under reduced pressure
in a rotary evaporator. The percentage yield was found to be
2.79 g. The ethanolic extract of A. indicawas referred as Al

Phytochemical screening

Chemical tests were carried out on ethanolic extract of
the plant for qualitative determination of phytochemical
constituents.

In vitro antioxidant activity

DPPH assay: To 1 ml extract of different concentrations,
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1 ml solution of DPPH (0.1 mM) was added. An equal
amount of methanol and DPPH solution served as control.
After 20 min of incubation in the dark, absorbance was
measured at 517 nm."® Ascorbic acid was used as standard.
The experiment was performed in triplicate and the
percentage scavenging was calculated.

Scavenging of nitric oxide radical: Nitric oxide was generated
from sodium nitroprusside and measured by Griss
reaction.”! Sodium nitroprusside (5 mM) in standard
phosphate buffer saline solution (0.025 M, pH 7.4) was
incubated with different concentrations of (200-1000 pg/
ml) of the ethanolic extract dissolved in phosphate buffer
saline (0.025 M, pH 7.4) and the tubes were incubated at 25
°C for 5 h. Control experiments without test compounds
but with equivalent amount of buffer were conducted
in identical manner. After 5 h, 0.5 ml of solution was
removed and diluted with 0.5 ml of Griss reagent (2 g of
1% sulphanilamide, 5 ml of 2% O-phosphoric acid, and 2
g of 0.1% napthyl ethylene diamine dihydrochloride). The
absorbance of chromophore formed during diazotization
of nitrite with sulphanilamide and its subsequent coupling
with napthyl ethylene diamine was read at 546 nm. Ascorbic
acid was used as standard. The experiment was performed
in triplicate.

Hydroxyl radical scavenging activity: Extracts of different
concentrations (200-1000 pg/ml) were taken in different
test tubes and evaporated on water bath. To these, 1 ml of
Fe-EDTA, 0.5 ml of EDTA, and 1 ml DMSO were added
and the reaction was initiated by adding 0.5 ml ascorbic acid
to cach of the test tubes. Test tubes were capped tightly and
heated in water bath at 80-90 °C for 15 m. Then the reaction
was terminated by addition of 1 ml of ice-cold TCA
(17.5%, w/v) to all the test tubes and kept aside for 5 min.
The formaldehyde formed was determined by adding 3 ml
Nash reagent (75 g ammonium acetate, 3ml glacial acetic
acid, 2 ml acetyl acetone was mixed and raised to 1 1 with
distilled water). This reaction mixture was kept aside for
15 min for color development.!"! Intensity of yellow color
formed was measured spectrophotometrically at 412 nm
against reagent blank. Ascorbic acid was used as standard.
Percentage scavenging was calculated by comparison of the
result of the samples, standard, with that of the blank.!'"”

Scavenging of superoxide radical by riboflavin--NBT system: The
assay was based on the capacity of the sample to inhibit
blue formazon formation by scavenging the superoxide
radicals generated in the riboflavin--NBT system. The
reaction mixture contains 50 mM phosphate buffer pH
7.6, 20 g riboflavin, 12 mM NBT. Reaction was started by
lluminating the test samples of the extract (200-1000 pg/
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ml). The absorbance was measured at 590 nm. Ascorbic
acid was used as positive control."*!4

The percentage scavenging of each extract in different
concentrations for different 7z vitro models are calculated
by following formula:

Absorbance of standard - absorbance
of extract X 100

% Scavenging =
0 Scavenging Absorbance of standard

IC, was calculated by using formulae:

b=X xy/ X

a=y—bx
IC,, = a+ b (50)

Where, b = regression coefficient of x on y; @ = intercept
of the line; x = concentration; and y = % scavenging; x
= mean of the concentration; y = mean of % scavenging,

Antinociceptive activity

Writhing test: Writhing was induced in rat (n = 6) by
intraperitoneal injection (10 ml/kg) of 0.6% acetic acid.
The number of writhings was counted over a 20 min
period as previously reported.l™'%) Animals were treated
through oral route 30 min before injection of acetic
acid with ethanolic extract of AI (200 and 400 mg/kg)
or acetylsalicilic acid (200 mg/kg). The control group
received only vehicle (3 ml/kg) of 1% suspension of
Tween-80.

Tail immersion test: Six rats were administered orally with
vehicle (3 ml/kg), pentazocine (30 mg/kg), and ethanolic
extract of Al (200 and 400 mg/kg). The distal part of the
tails of the animals was immersed in hot water maintained
at 55.0 £ 1.0 °C. The time taken to withdraw the tail
was noted as reaction time.'7 A cut-off time of 10 s
was maintained at 55 °C to prevent tissue damage. The
reaction time was measured at 0, 15, 30, 45, and 60 min
after treatment, respectively.

Hot plate test: Rats were placed on an aluminum hot plate
keptat 55 % 0.5 °C for a maximum time of 30 s."!Reaction
time was recorded when the animals licked their fore- and
hind paws and jumped; at before (0) and 15, 30, 45, and
60 min after intraperitoneal administration of 200 and
400 mg/kg of ethanolic extract of Al to different groups
of six animals each. Morphine 10 mg/kg was used as the
reference drugs.
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Anti-inflammatory activity

Preparation of gels: The gels of Al were prepared with
carbopol-940 and PEG by cold method."! Different gels
of Al (5%, 10%, and 20%) were formulated [Table 1].
The weighed amount of carbopol was placed in a beaker,
and sufficient amount of water was added to it and kept
in oven at 100 °C for 20 min to obtain a homogenous
viscous mixture and cooled to room temperature with
continuous stirring. Triethanolamine was added drop-wise
with constant stirring. After formation of gel, weighed
amount of Al was mixed in it.

Carrageenan-induced paw edema assay: The animals (n = 6) were
divided into five groups. 0.5 g of Al gels (5%, 10% and
20%) and marketed formulation of diclofenac sodium (2%)
were applied to the planter surface of the left hind paw by
gently rubbing 50 times with the index finger.” The gel
base without drug was applied in control group of rats by
the same mode of application. After 2 h, the dose 0.1 ml
of 1% carrageenan suspension (in sterile normal saline) was
injected subplantatly into treated and control groups of rats.
The paw volume was measured plethysmometrically (Ugo
Basile, Italy) at O and 3 h after the carrageenan injection. The
difference between the two readings was taken as the volume
of edema, and the percentage anti-inflammatory activity was
calculated using following equation:

Percentage anti-inflammatory activity = (17 — 177/17)
%100, where 1”'is the paw volume 3 h after the carrageenan
injection and "7 is the initial paw volume.

Formalin-induced paw edema assay: The same procedure as
mentioned above in carrageenan-induced paw edema assay
was followed except that acute inflammation was produced
by administration of 20 pl formalin (2.5% in distilled water)
into the subplanter area of right hind paw of rat.*!

Table 1: Formulation of gels of ethanolic extract of
Alocasia indica

Ingredients (g) Formulations (15 g)

5% 10% 20%
Ethanolic extract of Alocasia indica 0.75 1.50 3.00
carbopol-940 0.15 0.15 0.15
*PEG-4000 0.75 0.75 0.75
PEG-200 0.75 0.75 0.75
Ethanol 3.00 3.00 3.00
Triethanolamine 0.40 0.40 0.40
Methyl paraben 0.05 0.05 0.05
Propyl paraben 0.02 0.02 0.02
Distilled water 9.20 8.40 7.70
*PEG: Polyethylene glycol.
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Arachidonic acid-induced ear edema assay: The animals (n = 0)
were divided into five group. Samples were given 1 h prior
to application of arachidonic acid.”” One hour after topical
application of Al gels (0.5 g) and marketed formulation of
diclofenac sodium (2%), 2% arachidonic acid dissolved in
acetone (0.02 ml/ear) was applied to anterior and postetior
surfaces of right ear of rat. The gel base without drug was
applied in the control group of rats by the same mode of
application. The ear thicknesses were measured using a dial
thickness gauge before and at 1 and 3 h after arachidonic
acid treatment, and the differences in the thickness were
calculated. The degree of ear swelling was expressed as an
increase in ear thickness in mm.

Xylene-induced ear edema assay: The same procedure as
mentioned above in arachidonic acid-induced ear edema
assay was followed except that acute inflammation was
produced by applying xylene to anterior and posterior
surfaces of right ear of rat.*’!

Statistical analysis

The statistical significance was assessed using one way
of variance (ANOVA) followed by Bonferrini’s multiple
comparison tests. The values are expressed as mean + SE
and P <0.05 was considered significant.

RESULTS

Preliminary phytochemical investigation

The preliminary phytochemical investigation of the
ethanolic extract of A. indica showed that it contains
flavonoids, cynogenetic glycosides, citric acid, ascorbic
acid, and polyphenolic compounds.

Antioxidant activity
Five concentrations ranging from 200 to 1000 pg/ml of

the ethanolic extract of .A. indica were tested for their
antioxidant potential using different 7z vitro models. It

was observed that free radicals were scavenged by test
compounds at different concentrations. The maximum
inhibitory concentration (IC, ) in all models viz., DPPH,
nitric oxide radical, superoxide, hydroxyl radical scavenging
activity, were found to be 7.30, 10.97, 9.8, and 7.86 ug/
ml, respectively. The antioxidant model and percentage
scavenging of each concentration of extract and standard
are shown in Table 2.

Antinociceptive activity

Oral administration of the ethanolic extract of Al (200 and
400 mg/kg) significantly (P < 0.05) reduced the number of
writhings induced by acetic acid in rat [Table 3|. The activity
was compatable to that of acetylsalicilic acid (200 mg/
kg, p.o.) used as a reference drug. Moreover, the extract
induced protection in rat in tail immersion test [Table 4]
that is comparable with the standard drug pentazocine
(30 mg/kg, p.o.). The results of hot plate test presented
in Table 5 showed that the i.p. administration of ethanolic
extract of Al at the doses of 200-400 mg/kg significantly
raised the pain threshold at observation time of 45 min in
comparison with control (P < 0.001).

Stability of gels

Formulations exhibited desirable property and physical
stability. Al was chemically stable in these formulations
during 12-month storage at 4, 25, and 48 °C.

Anti-inflammatory activity

Gels containing Al and marketed formulation of
diclofenac sodium produced dose-dependent inhibition
of carrageenan and formalin-induced paw edema as
compared to the control (P < 0.05) [Table ¢]. In xylene-
induced mouse ear edema assay gels containing Al and
marketed formulation of diclofenac sodium significantly
inhibited arachidonic acid and xylene-induced ear edema
in dose dependent as compared to the control (P < 0.05)
[Table 7].

Table 2: Antioxidant potential of ethanolic extract of A. indica

Different antioxidant models

% Scavenging at different concentration (ng/ml) [values are mean of three replicates]

AA* (ng/ml) Test extract: A. indica.
200 50 100 200 400 800 1000 1C50
DPPH** 88.75 40.24 44.62 53.25 61.39 63.46 73.48 7.30
Nitric oxide 74.54 34.74 53.44 63.48 71.59 73.51 84.09 10.97
Hydroxyl radical 62.35 43.24 55.37 66.15 57.23 59.28 67.96 9.8
Superoxide radical 88.25 47.26 52.18 65.71 68.12 52.84 77.17 7.86

*Ascorbic acid; **1,1-diphenyl, 2-picryl hydrazyl.
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DISCUSSION The ethanolic extract of Al at the doses of 200-400 mg/kg

protected rat against both chemical- and thermal-induced

Recent studies suggest that the inflammatory tissue noxious stimuli, which were evidenced from the acetic acid-
damages are due to the liberation of reactive oxygen  induced writhing, tail immersion, and hot plate tests. Acetic
species from phagocytes invading the inflammation  acid induces writhing syndromes!'>'%and causes analgesia
sites.**?9 In addition to this, nitric oxide is also implicated in by releasing of endogenous substances, which then
inflammation, cancer, and other pathological conditions.”’) excite the pain nerve endings; the abdominal constriction
Interactions between superoxide and nitric oxide regulate s related to the sensitization of nociceptive receptors
the vascular tone or inflammation.” The significant 7z to prostaglandins.® Hot plate test was also assayed to

vitro antioxidant activity of Al was in a concentration-  characterize the analgesic activity of extract. It is possible
dependent manner. that ethanol extract of Al extract exerts an analgesic effect
probably by inhibiting the synthesis of prostaglandins.
Table 3: Effect of the ethanolic extract of leaves of Variation in order of activity for ethanol extract of Al
/:\alttycaSIa indica (Al) on acetic acid-induced writhing in fractions in acetic acid-induced writhing, tail immersion,
- — — and hot plate tests indicated that the different constituents
Material Dose No. of writhings Inhibition I . .
(ma/kg) (%) present in different fractions may be responsible for central
Control ~ 57142 and peripheral analgesia.
Acetylsalicylic acid 200 11.8 +£2.4* 74.17 . . . X .
Al 200 2154 1 gek 52.95 Carrageenan-induced edema is a biphasic response in

which the involvement of the cyclo-oxygenase products
*P <0.05, **P < 0.01 vs. control, [Values are mean + SE from six animals in each of ar.achldomc acid IjnetabOhStn and ﬂ.’le productlon of
group.] reactive oxygen species are well established.’ The first

400 14.5 +1.8* 68.27

Table 4: Effect of the ethanolic extract of leaves of Alocasia indica (Al) on tail immersion method in rat

Treatment Dose (mg/kg) Average tail withdrawing time (s)
0 min 15 min 30 min 45 min 60 min
Control -- 4.20+0.11 4.65+0.18 4.77+0.17 4.77+0.15 4.80+0.18
Pentazocine 30 4.16 £ 0.20* 539+0.21* 7.37 +0.45* 7.53+0.29* 8.18 £0.27*
Al 200 425+0.21%* 4.53+£0.12%* 527+0.13* 5.35+0.18** 527 +£0.11%*
400 4.62+0.16* 4.17+0.28* 6.92 £ 0.48** 7.05+0.28* 8.48 £ 0.27**

*P <0.05, **P < 0.01 vs. control, [Values are mean + SE from six animals in each group.]

Table 5: Effect of the ethanolic extract of leaves of A. indica (Al) on rat submitted to the hot plate test

Treatment Dose (mg/kg) Time 0 (min) Time 15 (min) Time 30 (min) Time 45 (min) Time 60 (min)
Control - 6.25+0.35 6.32+0.24 6.38 +0.31 7.15+0.38 6.16 +0.54
Morphine 10 6.41 +0.35% 12.65 + 0.48* 14.20 + 0.36%* 14.99 +0.81%* 14.45 £ 0.56%*
Al 200 5.76 + 0.24%* 10.16 = 0.50%* 13.21 £0.41%* 14.17 £ 0.25%* 12.16 + 0.50*
400 6.40 + 0.48** 12.10 +0.31%* 13.56 +0.73* 14.86 + 0.72%* 12.67 +0.78**

*P <0.05, **P < 0.01 vs. control, [Values are mean + SE from six animals in each group.]

Table 6: Effects of the Alocasia indica gels (Al: 5%, 10%, 20%) and marketed formulation of diclofenac sodium (DS:
29%0) on carrageenan-induced rat paw edema and formalin-induced paw edema

Group Carrageenan-induced rat paw edema Formalin-induced rat paw edema
Increase in paw volume % Inhibition of paw edema Increase in paw volume % inhibition of paw edema
(mean + SEM) in ml (mean £ SEM) in ml

Control 0.67+£0.13 - 0.58+0.12 -

Al (5%) 0.37 +0.07* 59.5 0.36 £0.05* 52.3
Al (10%) 0.32 +0.05* 66.6 0.31 £0.06* 58.1
Al (20%) 0.26 +0.03* 72.2 0.25+£0.02* 62.4
DS (2%) 0.20 +0.02* 83.1 0.19+£0.01** 73.7

*P <0.05, **P < 0.01 vs. control. [Values are mean + SE from six animals in each group.]
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Table 7: Effects of the Alocasia indica gels (Al: 5%, 10%, 20%) and marketed formulation of diclofenac sodium (DS:
2%) on arachidonic acid-induced ear edema and xylene-induced ear edema

Group Arachidonic acid-induced ear edema Xylene-induced ear edema
Increase in paw volume % Inhibition of paw edema Increase in paw volume % Inhibition of paw
(mean £ SEM) in ml (mean £ SEM) in ml edema
Control 0.27 +0.08 - 0.24+0.05 -
Al (5%) 0.19 +0.06* 42.1 0.17 £ 0.06* 41.2
Al (10%) 0.15+0.02* 453 0.14 £ 0.03* 44.4
Al (20%) 0.13 +£0.03* 522 0.12+0.03* 53.6
DS (2%) 0.09 £0.01** 63.5 0.08 £0.01** 61.1
*P <0.05, **P < 0.01 vs. control., [Values are mean + SE from six animals in each group.]
phase is mediated through the release of histamine, ACKNOWLEDGEMENT

serotonin, and kinins, whereas the second phase is related
to the release of prostaglandin oxygen-derived free
radicals and production of inducible cyclo-oxygenase
which peak at 3 h.P""'The Al extract produced dose-
dependent and significant inhibition of carrageenan-
induced paw edema comparable in magnitude with the
inhibitory action of diclofenac. The formalin-induced
paw edema assay defines distinctive biphasic nociceptive
response termed neurogenic and inflammatory phases.
The ability of Al to have effect on both phases shows
that it contains active anti-inflammatory principle acting
both centrally and peripherally.

Another model of inflammation used is the ear edema
induced by arachidonic acid and xylene, which serves to
identify the mediators of inflammation of the lipoxygenase
pathway.*** Topical application of the gels of Al extract
at the concentrations of 5%, 10%, and 20% inhibited
the ear edema induced by arachidonic acid and xylene in
dose-dependent manner similar to diclofenac. The results
show that the Al acts on both the cyclo-oxygenase and
lipoxygenase pathways.

Preliminary phytochemical screening showed that ethanolic
extract of the leaves of A. 7ndica contains flavonoid
compounds. Flavonoids have been shown to possess
various biological properties related to antioxidant,
antinociceptive, and anti-inflammatory mechanisms by
targeting reactive oxygen species and prostaglandins which
are involved in the late phase of acute inflammation and
pain perception.’”*" It can be concluded that ethanolic
extract of .A. indica possess antioxidant, antinociceptive, and
anti-inflammatory activities may be due to the presence of
flavonoids and other polyphenolic moieties present in it,
which seems to support the use of this plant in traditional
medicine. Finally, the precise mechanism(s) and site(s) of
this activity and the active constituent(s) involved are still
to be determined in addition to toxicological studies.

142

The authors express their deep sense of gratitude to Dr S. B.
Bhise, Principal Government College of Pharmacy, Karad,
for providing the facilities to our research work. They also
thank Professor S. K. Patil, Botany Department, Yashwantrao
Chavan College of Science, Karad, Dist. - Satara (MH), for
authentication work.

REFERENCES

1. Kirtikar KR, Basu BD. Ind Med Plants, 2*¢ ed. New Cannaught place,
Dehradun: M/s Bishen Singh Mahendrapal Singh; 1975. p. 2617-8.

2. Nadkarni KM. Indian Materia Medica. Mumbai: Popular Prakashan; 1996.
p. 72-3.

3. Mulla WA, Salunkhe VR, Bhise SB. Hepatoprotective activity of
hydroalcoholic extract of leaves of Alocasia indica. Indian | Exp Biol
2009;47:316-21.

4. Bhatt SK, Saxena VR. Antifungal activity of seeds of extract of Alvcasia
indica. Indian Drugs 1980;17:210.

5. Prajapati ND. A Handbook of Medicinal plants. India: Agrobois Publication;
2003. p. 32.

6. Khandelwal KR. Practical Pharmacognosy Techniques and Experiments.
9™ ed. Pune: Nirali Prakashan; 2000.

7. Sheejayan N, Rao MN. Nitric oxide scavenging by curcuminoids. | Pharm
Pharmacol 1997;49:105-7.

8. Shirwaikar A, Somashekar AP. Anti-inflammatory activity and free radical
scavenging studies of Aristolochia bracteolata Lam. Indian ] Pharm Sci
2003;65:68.

9. Green LC, Wagner DA, Glogowski |, Skipper PL, Wishnok JS, Tannenbaum
SR. Analysis of nitrite and 15N in biological fluids. Anal Biochem
1982;126:131-8.

10.  Marcocci L, Maguire JJ, Droy- Lefaix MT and Packer L. The nitric oxide
scavenging properties of Ginko biloba extract EGB 761. Biochem Biophys
Res Commun 1994;201:748-55.

11. Bhavani B, Pogozelski WK, Tullius TD. DNA strand breaking by hydroxyl
radical is governed by the accessible surface area of the hydrogen atom of
the DNA backbone. Pro Natl Acad Sci 1998;95:9738-43.

12. Klein SM, Cohen G, Cedebaum Al Production of formaldehyde during
metabolism of dimethyl sulfoxide by hydroxyl radical generating system.
Biochemistry 1991;20:6006-12.

13. Robak J, Gryglewski R]. Flavonoids are scavengers of superoxide anion.
Biochem Pharmcol 1998;37:837.

14. Beauchamp C, Fridovich I. Superoxide dismutase: Improved assays and an
assay applicable to acryl amide gels. Anal Biochem 1971;44:276-87.

15. Koster R, Anderson M, De Beer EJ. Acetic acid for analgesic screening,
Fed Proc 1959;18:412.

J Young Pharm Vol 2 / No 2



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Antioxidant, Antinociceptive and Anti-Inflammatory Activities of Alocasia indica (Schott.)

Besra SE, Sharma RM, Gomes A. Anti-inflammatory effect of petroleum
ether extract of leaves of Litchi chinensis Gaertn (Sapindaceae). |
Ethnopharmacol 1996;54:1-6.

Vogel H, Vogel WH. Analgesic, anti-inflammatory and antipyretic activity
in drug discovery and evaluation, pharmacological assays. New York:
Springer; 1997. P. 360—418.

Vaz ZR, Mata LV, Calixto JB. Analgesic effect of the herbal medicine
catuama in thermal and chemical models of nociception in mice. Phytother
Res 1997;11:101—6.

Schmolka IS. Preparation and properties of pluronic F-127 gels for
treatment for burns. ] Biomed Mater Res 1972;6:571-82.

Winter CA, Risley EA, Nuss GW. Carregeenin-induced edema in hind paw
of the rat as assay for anti-inflammatory drugs. Proc Soc Exp Biol Med
1962;11:544-7.

Chau TT. Analgesic testing in animal models, pharmacological methods
in the control of inflammation. New York: Alan R Liss Inc.; 1989. p. 195.
Kim HK, Namgoong SY, Kim HP. Antiinflammatory activity of flavonoids:
mice ear edema inhibition. Arch Pharmacol Res 1992;15:18-24.
Hosseinzadeh H, Haddadkhodaparast MH, Arash AR. Antinociceptive,
anti-inflammatory and acute toxicity effects of Salvia leriifolia Benth seed
extract in mice and rats. Phytother Res 2003;17:422-5.

Cross CE, Halliwell B, Borish ET, Pryor WA, Ames BN, Saul RL, ¢7 a/.
Oxygen radicals and human diseases. Ann Intern Med 1987;107:526-45.
Winrow VR, Winyard PG, Morris CJ, Blake DR. Free radicals in
inflammation: second messangers and mediators of tissue destruction. Br
Med Bull 1993;49:506-22.

Parke DV, Sapota A. Chemical toxicity and reactive oxygen species. Int J
Occup Med Environ Health 1996;9:331—40.

Hemnani T, Parihar MS. Reactive oxygen species and oxidative DNA
damage. Indian ] Physiol Pharmacol 1998;42:440-52.

J Young Pharm Vol 2 / No 2

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Conner EM, Grisham MB. Inflammation, free radicals and antioxidants.
Nutrition 1996;12:274-7.

Vinegar R, Schreiber W, Hugo R. Biphasic development of carrageenin
oedema in rats. ] Pharmacol Exp Ther 1969;166:96-103.

Chen Q. Methodology in pharmacological study on Chinese materia medica.
Beijing: 7 People’s Medical Publishing House; 1993. p. 360.

Panthong A, Kanjanapothi D, Taesotikul T, Phankummoon A, Panthong
K, Reutrakul V. Anti-inflammatory activity of methanolic extracts from
Ventilago harmandiana Pierre. | Ethnopharmacol 2004;91:237—42.

Porro CA, Cavazzuti M. Spatial and temporal aspects of spinal cord
and brainstem activation in the formalin pain model. Prog Neurobiol
1993;41:565-607.

Young JM, Young LM. In: Spector |, Back N, editors. Pharmacological
methods in the control of inflammation. New York: Alan R. Liss; 1989.
p. 215.

Matsuda R, Tanihata S. Suppressive effect of sialic acid on the prostaglandin
E,-mediated oedema in carrageenin-induced inflammation of rat hind paws.
Nippon Yakurigaku Zassshi 1992;99:363-72.

Hesham R, El-Seedi, Shgeru N. Chemistry of bioflavonoids. Indian ] Pharm
Educ 2007;39:172.

Di Carlo G, Mascolo N, Izzo AA, Capasso E Flavonoids: old and new
aspects of a class of natural therapeutic drugs. Life Sci 1999;65:337-53.
Rajnarayana K, Reddy MS, Chaluvadi MR, Krishna DR. Bioflavonoids
classification, pharmacological, biochemical effects and therapeutic
potential. Indian ] Pharmacol 2001;33:2-16.

Source of Support: Nil, Conflict of Interest: None declared.

143





