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Abstract The ethanol extract of tuber part of Colocasia fallax
Schott (Araceae) was tested for its potential analgesic and
antioxidant activities. Acetic acid induced writhing method
was used to evaluate the analgesic activity at the concentration
of 250 and 500 mg/kg body weight. In order to investigate the
antioxidant activity, four complementary test systems, namely,
2,2-diphenyl-1-picryl-hydrazil (DPPH) free radical scaveng-
ing, ferric reducing power assay, total phenolic and flavonoid
contents were used. Polyphenolic compounds were also de-
tected by HPLC analysis. The extract showed significant
(P <0.005) analgesic activity with 32.14 and 53.57 % writh-
ing inhibition at the concentrations of 250 and 500 mg/kg
body weight, respectively that was comparable to standard
diclofenac sodium (78.57 % at 25 mg/kg). In DPPH radical
scavenging assay, the extract showed the ICs, value of
78.94 ug/ml. Reducing power of the extract was comparable
to that of butylated hydroxy toluene (BHT). In HPLC analysis
of polyphenols, epicatechin, myricetin, trans-cinnamic,
syringic acid, vanillin, p-coumaric acid, trans-ferulic acid
and rosmarinic acid were detected in the extract (95.95,
52.14, 20.39, 8.32, 8.43, 6.36, 4.18 and 6.73 mg/100 g of
dry extract, respectively). Presence of polyphenols in the ex-
tract might have attributed towards the observed bio-activity.
Present finding also suggests the traditional use of this plant in
the management of pain.
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Introduction

Botanicals provide an extensive source of new drugs de-
rived from nature with various chemical entities (Sharma
and Singh 2014). Extensive studies have been conducted
on plant extracts based on traditional uses to find out
therapeutically active constituents to be used as new
drugs (Rates 2001). Bangladesh is a rich source of me-
dicinal plants. Mass population of Bangladesh use vege-
tables as food as well as to modify several pathological
conditions. Vegetables contain important classes of phy-
tochemicals that are accountable for different pharmaco-
logical activities (Rodriguez et al. 2006; Williams et al.
2013).

Colocasia fallax Schott, belongs to the family of
Araceae, is locally known as buno kochu. It is an annual
or perennial edible herb grown in aquatic area. It is native to
Bangladesh, Bhutan, China, India, Nepal, Thailand,
Vietnam (Allen 2011). C. fallax is available in northern
districts of Bangladesh. The edible part, known as taro, is
traditionally used to mitigate pain and to treat wound infec-
tion (Hosne and Abul 2006). The taro is used as a vegetable
and a good source of minerals and vitamins (Brukil 1966).
To the best of our knowledge, no pharmacological studies
have been reported so far on C. fallax. As a part of the
continuation of our research on bioactivity screening of
Bangladeshi medicinal edible herbs, present study was con-
ducted to evaluate antioxidant and analgesic activities of
ethanol extract of C. fallax. HPLC analysis was performed
to detect the existence of some bioactive polyphenols com-
monly occurring in plants.
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Materials and methods
Chemicals and reagents

DPPH (2,2-diphenyl-1-picryldydrazyl), Folin-Ciocalteu re-
agent, all polyphenolic acids and other standard chemicals
were purchased from Sigma—Aldrich (St. Louis, MO, USA).
HPLC grade acetic acid, acetonitrile, methanol and ethanol
were obtained from Merck (Darmstadt, Germany). Unless
otherwise specified, all other chemicals were of analytical
grade.

Experimental animals

Young Swiss albino mice were procured from the
International Centre for Diarrheal Disease Research,
Bangladesh (ICDDR,B) for the present study. They were
used under normal laboratory settings for standard envi-
ronmental conditions with water and food ad libitum.
They were kept in the laboratory for 2 weeks before ex-
periment for acclimatisation. The selected animals were
treated under the ethical guidelines for animal experimen-
tation authorised by Pharmacy Discipline, Khulna
University.

Plant materials and extraction

The tuber part of C. fallax, was collected from Jessore,
Bangladesh and identified by experts at Bangladesh
National Herbarium, Bangladesh. A voucher specimen
(DACB 41153) has been submitted there for future refer-
ence. Collected plant material was cut into small pieces for
proper drying. Shade dried taro was ground into coarse
powder that was stored in an airtight container kept in a
cool, dark and dry place. About 500 g powder was soaked
in 800 ml of 98 % of ethanol in a glass container for 7 days
accompanying regular shaking and stirring. Extract was
separated from the plant debris by filtration using a piece
of clean, white cotton plug and dried using rotary vacuum
evaporator (Bibby RE200, Sterilin Ltd., UK) at 45 °C to get
dried ethanol extract (16.16 g, yield =3.23 %). Then the
crude extract was stored in a refrigerator at 4 °C.

Phytochemical screening

Phytochemical screening represents the identification of dif-
ferent phytochemical groups present in a plant extract.
Different chemical groups such as carbohydrates, alkaloids,
glycosides, phenolic compounds, flavonoids, tannins, ste-
roids, gums, saponins, proteins, amino acids and acidic com-
pounds were identified by characteristic colour change using
standard chemical tests (Ghani 2005).

@ Springer

Analgesic activity

Analgesic activity of the extract was tested using the model of
acetic acid induced writhing in mice (Koster et al. 1959; Islam
etal. 2005). The experimental laboratory mice were randomly
divided in four groups each containing five mice. The first
group, treated as control group, was administered orally with
1 % (v/v) Tween-80 in distilled water at the dose of 10 ml/kg
body weight. The second group received standard diclofenac
sodium (25 mg/kg). Third and fourth groups were treated with
the extract at the doses of 250 and 500 mg/kg body weight,
respectively. Test samples, standard drug and control vehicle
were administered orally 30 min before intraperitoneal admin-
istration of 0.7 % of acetic acid. After an interval of 5 min, the
number of writhes was counted for a period of 15 min. The
number of writhes in the second, third and fourth groups was
compared to that of the control group to calculate the percent
inhibition of writhing calculated using the formula:

% Inhibition of writhing = (1-W,/W;) x 100

Where, W; and W, represent the mean writhing of the
control and standard or sample groups, respectively.

DPPH radical scavenging assay

The radical scavenging activity of the extract was quantitative-
ly estimated on the basis of its ability to scavenge the stable
free radical 2,2-diphenyl-1-picryl hydrazyl (DPPH) (Uddin
et al. 2004; Islam et al. 2014). From the stock solution, differ-
ent concentrations (512—1 pg/ml) of sample were prepared. In
1 ml of each concentration, 3 ml of instantly prepared 0.1 mM
alcoholic DPPH solution was added. After 30 min of incuba-
tion in dark at room temperature, absorbance was taken at
517 nm. Ascorbic acid, a natural antioxidant, was used as
standard. The percentage of DPPH free radical scavenging
activity of each plant extracts and standard drug were calcu-
lated as:

DPPH radical-scavenging activity (1%) = [Ag—A/Ao] x 100

Where, A, is the absorbance of the control solution con-
taining all reagents except plant extracts, A is the absorbance
of DPPH solution containing plant extract. Finally, the con-
centration of sample required to scavenge 50 % DPPH free
radical (ICsq) was calculated from the plot of inhibition (%)
against the concentration of the extract. BHT was used as
positive control in this experiment.

Reducing power assay

The reducing power of C. fallax extract was determined ac-
cording to method described by Dehpour et al. with slight
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modification (Dehpour et al. 2009; Saha et al. 2013; Oyaizu
1986). In 1 ml of different concentrations (0.1-1 mg/ml) of
sample, 2.5 ml phosphate buffer (200 mM, pH 6.6) and
2.5 ml potassium ferricyanide (10 g/L) was added sequen-
tially. The mixture was incubated at 50 °C for 20 min. At
room temperature, 2.5 ml trichloroacetic acid (10 % w/v)
was added to the mixture and centrifuged at 3000 rpm for
10 min. In an aliquot of 2.5 ml supernatant, 2.5 ml distilled
water and 0.5 ml ferric chloride (1 g/L) were mixed. Ten
minutes later, absorbance of resultant complex was mea-
sured at 700 nm. Butylated hydroxy toluene (BHT) was
used as standard to compare the reducing power of the
extract.

Total phenolic content

The total phenolic content of the extract was determined by
the modified Folin-Ciocalteu’s method (Hemayet et al. 2013).
Ethanol solution of the extract was mixed with 5 ml of 10 %
Folin-Ciocalteu reagent. Then an aliquot of 4 ml sodium car-
bonate (75 g/L) was added to the mixture. It was kept at 40 °C
for 30 min. Absorbance of the reaction mixture was measured
at 765 nm. Different concentrations (0.1-0.5 mg/ml) of gallic
acid were used for the preparation of standard calibration
curve from where total phenol content was determined and
expressed as mg gallic acid equivalent (GAE) per gram of
dry extract.

Total flavonoids content

Total flavonoid content was estimated using a simple and
well known aluminum chloride colorimetric assay (Shah
et al. 2012). In the extract solution, 4 ml distilled water
was added followed by 0.3 ml 5 % w/v sodium nitrate.
After 5 min, 0.3 ml of 10 % w/v aluminum chloride was
added. At the sixth min, 2 ml of 1 M sodium hydroxide was
added and the volume was adjusted up to 10 ml. Then ab-
sorbance was measured at 510 nm against blank solution.
For this assay, quercetin (0.1-0.5 mg/ml) was used to pre-
pare standard calibration curve and total flavonoid content
of the extract was expressed in terms of mg quercetin equiv-
alent (QE)/g of dried extract.

HPLC detection and quantification of polyphenolic
compounds

HPLC analysis was carried out for the detection and quantifi-
cation of phenolic compounds in the extract using
DionexUltiMate 3000 system equipped with quaternary rapid
separation pump (LPG-3400RS) and photodiode array detec-
tor (DAD-3000RS). Separation was performed using Cg
(5 um) Dionex column (4.6 x 250 mm) at 30 °C with a flow

rate of 1 ml/min and an injection volume of 20 ul. The mobile
phase consisted of acetonitrile (solvent A), acetic acid solution
pH 3.0 (solvent B), and methanol (solvent C) with the gradient
elution program of 5 % A/95%B (0-5 min), 10 % A/90 % B
(69 min), 15 % A/75 % B/10 % C (11-15 min), 20 % A/65 %
B /15 % C (16-19 min), 30 % A/50 % B /20 % C (20-29 min),
40 % A /30 % B/30 % C (30-35 min) and 100 % A (36—
40 min). In order to prepare a calibration curve, standard stock
solution was prepared in methanol containing arbutin, (—)-epi-
catechin (5 pg/ml each), gallic acid, hydroquinone, vanillic
acid, rosmarinic acid, myricetin (4 pg/ml each), caffeic acid,
syringic acid, vanillin, #rans-ferulic acid (3 pg/ml each), p-
coumaric acid, quercetin, kaempferol (2 pg/ml each), (+)-cat-
echin hydrate, ellagic acid (10 pg/ml each), trans-cinnamic
acid (1 pg/ml), rutin hydrate (6 pg/ml) and benzoic acid
(8 ng/ml). A solution of the extract was prepared in methanol
having the concentration of 10 mg/ml. All the solutions were
filtered through 0.2 um syringe filter and degassed in an ul-
trasonic bath prior to HPLC analysis (Himangsu et al. 2014).

Results
Phytochemical screening

Phytochemical studies showed that carbohydrate, alkaloids,
glycosides, phenolic compounds, flavonoids, tannins, gum
and acidic compounds were present, while steroids, proteins,
amino acids and saponins were absent in the extract.

Analgesic activity

The extract showed significant (P < 0.005) and dose depen-
dent analgesic activity and revealed 32.14 and 53.57 % writh-
ing inhibition at the doses of 250 and 500 mg/kg body weight,
respectively whereas standard diclofenac sodium (25 mg/kg)
showed 78.57 % writhing inhibition (Table 1).

DPPH radical scavenging assay

In the DPPH radical scavenging assay, antioxidant activity
was gradually increased with increasing concentration of the

Table 1  Effect of C. fallax in acetic acid induced writhing in mice
Treatment Dose (mg/kg) % Writhing % Writhing inhibition
Control - 100 0
Standard 25 21.43 78.57*
Extract 250 67.86 32.14*

500 46.43 53.57*

n=15;*p <0.05 compared to control
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extract with the ICsq value of 78.94 ng/ml while that of ascor-
bic acid was 14.68 pg/ml (Fig. 1).

Reducing power assay

Reducing power of the extract was found to be concentration
dependent. The maximum absorbance of 0.564 was observed
at the highest conc of the extract, i.e., 1 mg/ml. BHT, used as
the positive control showed maximum absorbance of 1.472 at
the same concentration (Fig. 2).

Total phenolic content

The absorbance values obtained in the test using different
concentrations of gallic acid were plotted against respective
concentrations. A standard calibration curve was obtained
with the equation y = 8.043x + 0.213 (R* = 0.985) (Fig. 3)
Total phenolic content of the extract was calculated using the
equation and found to be 16.37 mg GAE/g dry extract.

Total flavonoid content

Different concentrations of quercetin were used to obtain a
standard calibration curve (y = 0.475 + 0.006; R* = 0.991)
(Fig. 4) from where total flavonoid content of the extract was
calculated as11.44 mg QE/g dry extract.

Results of HPLC analysis of C. fallax extract

Identification and quantification of individual phenolic com-
pounds in the ethanol extract of C. fallax were analysed by
HPLC. The chromatographic separations of polyphenols in
standard and ethanol extract are shown in Figs. 5 and 6, re-
spectively. The content of each phenolic compound was cal-
culated from the corresponding calibration curve and present-
ed as the mean of five determinations as shown in Table 2.
The experimental results indicated that ethanol extract of
C. fallax contain a high concentration of epicatechin
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Fig. 1 DPPH radical scavenging activity of C. fallax
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Fig. 2 Comparison of reducing power of BHT and C. fallax

(95.95 mg/100 g of dry extract). Myricetin and trans-cinnamic
acid were also detected at moderate concentrations (52.14 and
20.39 mg/100 g of dry extract respectively). In addition,
syringic acid, vanillin, p-coumaric acid, trans-ferulic acid
and rosmarinic acid were also detected in lower concentra-
tions (8.32, 8.43, 6.36, 4.18 and 6.73 mg/100 g of dry extract,
respectively).

Discussion

Medicinal plants, as source of remedies help our body to fight
against free radicals, pain, germs and toxins. These pharma-
cological effects are due to the presence of important classes
of phytochemicals. Preliminary phytochemical analysis of the
extract indicated the presence of some pharmacologically im-
portant secondary metabolites such as alkaloids, glycosides,
phenolic compounds and flavonoids.

Acetic acid induced writhing is a reliable method to evalu-
ate peripherally acting analgesic activity of plant extract.
Acetic acid-induced writhing model represents pain sensation
by triggering localised inflammatory response. Acetic acid
triggers synthesis of several local hormones namely prosta-
glandins, bradykinin, serotonin, histamine etc. that excite the
pain nerve endings (Shilpi et al. 2006). It is well known that
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Fig. 3 Standard gallic acid calibration curve
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analgesic and antioxidant activities are correlated to amelio-
rate pain sensation (Giil¢in et al. 2004, Areekul and
Phomkaivon 2015). Plant materials containing polyphenols,
flavonoids and phenolic acids exert analgesic activity (Guan-
Jhong et al. 2012; Kumar and Pandey 2013). Myricetin,
syringic acid, epicatechin, vanillin, p-coumaric acid and trans-
cinnamic acid exert analgesic activity by inhibiting neutrophil
degranulation subsequently decreasing the release of local hor-
mone arachidonic acid (Ismet et al. 2014; Hoult et al. 1994).
The experimental extract significantly (p < 0.05) inhibited
acetic acid induced pain sensation in a dose dependent manner.
The extract might have exerted analgesic effect by interfering

synthesis, release or antagonising local hormones. Flavonoids,
as well as phenolic acids may be the active components of
C. fallax that relates to its analgesic activity.

Ethanoic extract of C. fallax was screened for evalua-
tion of antioxidant activity using four complementary as-
says, namely DPPH free radical scavenging, reducing
power assay, total phenolic and flavonoid contents.
DPPH test is a direct and reliable method based on the
ability of DPPH, a stable free radical, to decolorise in
presence of antioxidant. This method is widely used to
predict antioxidant properties of plant extracts (Yen and
Duh 1994; Kulisica et al. 2004). The free radical inhibi-
tory effect was found to be dose dependent and the ICsy
was calculated as 78.94 pg/ml.

In addition to DPPH test, we performed reducing power
assay to support the results. There is a direct correlation be-
tween antioxidant capacity and reducing power of certain
plant extracts (Tanaka et al. 1988). The reducing properties
are generally linked with the presence of reductones, which
have been reported to exert antioxidant action by breaking the
free radical chain by donating a hydrogen atom (Duh et al.
1999). Reducing power of the extract was also found to be
concentration dependent. The maximum absorbance was not-
ed 0.564 at 1 mg/ml. BHT, which was used as positive control
showed maximum absorbance 1.472 at the same concentra-
tion (Fig. 2). Secondary metabolites of plant origin, especially

mixed std
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Fig. 5 HPLC chromatogram of a standard mixture of polyphenolic
compounds (Peaks 1: arbutin, 2:gallic acid, 3: hydroquinone, 4: (+)-
catechin, 5: vanillic acid, 6: caffeic acid, 7: syringic acid, 8: (-)-

epicatechin, 9: vanillin, 10: p-coumaric acid, 11: trans-ferulic acid, 12:
rutin hydrate, 13: ellagic acid, 14: benzoic acid, 15: rosmarinic acid, 16:
myricetin, 17: quercetin, 18: frans-cinnamic acid, 19: kaempferol)
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Fig. 6 HPLC chromatogram of C. fallax (Peaks 1: Syringic acid, 2: (—)-epicatechin, 3: vanillin, 4: p-coumaric acid, 5: trans-ferulic acid, 6: rosmarinic

acid, 7: myricetin, 8: frans-cinnamic acid)

phenolic compounds such as flavonoids, tannins, phenolic
acids etc. are very important components for the free radical
scavenging activities. Having similar chemical properties,
these polyphenolic compounds react as hydrogen donors and
neutralise free radicals (Miliauskas et al. 2004; Atoui et al.
2005). The antioxidant activity depends on both the quantity
and type of polyphenols present in the extract. In this study we
quantified the total flavonoid and phenolic contents. The
C. fallax extract showed high level of polyphenols as estimat-
ed by Folin-Ciocalteu reagent. HPLC analysis of C. fallax was
also carried out to identify some selected polyphenols that are
abundant in plants. It showed the presence of syringic acid,;
(—)-epicatechin; vanillin; p-coumaric acid; trans-ferulic acid,;

Table 2 Contents of polyphenolic compounds in the extract (n = 5)

Polyphenolic compound  Ethanol extract of C. falkax

Content (mg/100 g of dry extract) % RSD
Syringic acid 8.32 0.33
(—)-Epicatechin 95.96 1.18
Vanillin 8.43 0.39
p-Coumaric acid 6.36 0.21
trans-Ferulic acid 4.18 0.15
Rosmarinic acid 6.73 0.23
Myricetin 52.14 1.02
trans-Cinnamic acid 20.39 0.84

@ Springer

rosmarinic acid; myricetin; frans-cinnamic acid. Among dif-
ferent groups of flavonoids, flavonols is a major group to
contribute towards antioxidant activity (Inmaculada et al.
2015). Myricetin, member of flavonols is a major polyphenol
present in the extract. Antioxidant activity of epicatechin,
coumaric acid, vanillin, trans-cinnamic acid are well
established (Inmaculada et al. 2015; Monika et al. 2014;
Emira et al. 2014; Sina et al. 2014; Harleen et al. 2011).
Four complementary assays of ethanol extract provided evi-
dence that the antioxidant activities of C. fallax may be due to
the presence of good amount of natural antioxidants and their
synergistic effect.

Conclusion

The present study inferred that the ethanol extract of
Colocasia fallax possesses potent analgesic and antioxidant
activity. These pharmacologic actions are dose dependent.
These potentials may be due to the polyphenols present in
the extract. Further, pharmacological investigation and bioac-
tivity guided studies are required to isolate the active princi-
ple(s) responsible for these activities.
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