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Abstract

Biochemical activity and its stability of Oxalis corniculata L. leaf extracts in
methanol, cyclohexane and water were investigated in this study. Preliminary
phytochemical screening of the total phenolic and flavonoid contents for the
methanolic extract were estimated as 18.63 + 0.55 mg gallic acid equivalent and
6.46 + 0.85 mg quercetin equivalents per gram of fresh leaf respectively. Maximum
flavonoid content was observed in cyclohexane extract and the phenolics of aqueous
extract were relatively stable as compared to the other extracts. The estimated
total antioxidant capacity and the total reducing power of methanolic extract
were the highest among the extracts, and were 12.33 + 0.54 mg and 3.79 + 0.37
mg ascorbic acid equivalent per gram of fresh leaf respectively. The IC, values of
DPPH free radical scavenging activity and hydrogen peroxide scavenging activity
of the methanolic extract of fresh leaf were 10.14 + 0.04 mg and 11.1 + 0.01 mg,
respectively. Such activities were absent or negligible in other extracts. Thin layer
chromatographic studies detected the presence of at least two compounds with
potent antioxidant activity. However, the phenolic and flavonoid contents, and all
biochemical activities of the extracts were reduced after six months of preservation
at -20°C. These data indicated that freshly prepared methanolic extract of O.
corniculata could be the most potent, and such fresh preparation should be used to
attain the desirable biochemical activities.

Introduction

A number of therapeutically important compounds have been isolated from plants and
these compounds have been applied to cure a number of diseases”. Most of the plants
studied are herbal plants and they belong mainly to phanerogamae clade and few to
cryptogamae®. However, pharmacological studies involved with most of these plants are
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not properly studied till today®. As different parts like seeds, leaves, barks, roots or rhizomes
of plant interact differently with the environment and its contents; they individually
produce varieties of secondary metabolites®. These secondary metabolites exert multiple
physiological roles in plants, animals and microorganisms®. As plant contains numerous
chemical compounds, different solvents yield different extracts with varying degree of
biological activities®.

The creeping woodsorrel, scientifically known as Oxalis corniculata L., is a herbaceous
plant of cosmopolitan distribution®”. It is a perennial herb that is distributed worldwide. It
is regarded as weed in gardens, agricultural fields and lawns and common in damp and
shady places, roadsides, and pastures. The leaves of O. corniculata are quite edible with a
tangy taste®. Such tangy taste is mostly due to the presence of vitamin C, oxalate, tartaric
acid and other mild acids. So, a low dose of O. corniculata is safe and infusions can be
made using this plant®. Ethonomedical report suggests that the leaves of this plant possess
several biological activities and fresh leaves are used by different tribes as vegetable as
well as medicine(”). Thereby, the leaves of this plant might be a good source of potentially
bioactive compounds®!). Bioactive alkaloids, phenolics, tarpenoids, flavones, saponins
and low molecular weight compounds are already isolated from O. corniculata leaves®'.
These compounds include but not limited to apigenin, acacetin, botulin, ethyl gallate,
swertisin, isovitexin, syringic acid, 5-hydroxy-3’,4’,6,7-tetramethoxyflavone, f-sitosterol,
4-hydroxybenzoic acid, sertisin and isoorientin?. Some studies on this plant suggested
that the leaf extract can be used as antimicrobial, liver tonic, and antinematode agent. Leaf
extract of this plant also shows some degree of antioxidant activity™'® and DPPH free-
radical scavenging power¥. In Zairean pharmacopoeia, it is used as antivenom® and
others also suggested antifungal and insecticidal activities of O. corniculata extracts®'®.
The leaves are considered as a skin healing agent, specifically for warts and scabies". A
previous study from Bangladesh also reported antioxidant, free radical scavenging and
Fe**-reducing activities of methanolic extract and its sub-fractions of O. corniculata leaf".
Similar studies were reported from other countries of Indian subcontinent®. Such activities
could reduce the oxidative stress generated from multiple metabolic processes. However,
the stability of such activities is still in question as the compounds present in the extracts are
often unstable due to oxidation or polymerization?. On top of this, none of these reports
can be translatable to fresh weigh leaves. Since people can consumes fresh leaves of O.
corniculata, it would be interesting to know the equivalents of O. corniculata leaves for their
biochemical activities.

In this study, fresh and frozen methanolic, aqueous and cyclohexane extracts of O.
corniculata leaves were investigated for different biochemical potentialities. We found that
fresh methanolic leaf extract exerted the best biochemical activities though such potentials
decreased if the extracts were preserved by freezing.
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Materials and Methods

Fresh leaves of O. corniculata were collected during early rainy season. 500 gram of
fresh leaves were blended with 100 ml cold water and filtered to produce aqueous extract.
For methanolic and cyclohexane extractions, 700 gram of fresh leaves were dried in an oven
at 60°C for 24 hours and immediately extracted with solvent as plant material to solvent
ratio of 1:5. Solvent was evaporated using rotary evaporator and amount of extracts and
extract yields were determined. The pH of all these extracts was adjusted to pH 7.0 using
concentrated NaOH solution. Half of the extracts were preserved at -20°C for six months.
10 pg of freeze-dried extract or 10 pl crude aqueous extract in 500 pl solvent were used for
all the experiments mentioned below except DPPH free-radical scavenging activity and
thin-layer chromatography (TLC). All experiments were done in triplicate and data were
analyzed using Microsoft Excel.

The phenolic content was determined using Folin-ciocalteu reagent with gallic acid
as standard®. For this, extracts were treated with 2.5 ml of Folin-ciocalteu reagent for 10
minutes and further incubated with 2.5 ml of 7% sodium carbonate for 2 hours. Then the
absorbance was measured at 765 nm using spectrophotometer.

The flavonoid content was determined using aluminium chloride with quercetin as
standard®). For this, extracts were treated with 100 ul 10% AICL, 100 ul 1 M potassium
acetate, and 2.8 ml distilled water. After half an hour, absorbance was recorded at 415 nm.

The total antioxidant capacity was determined by phospomolybdate assay using
ascorbic acid as standard®. For this, extracts were treated with 6 ml reagent (0.6 M H,SO,,
4 mM ammonium molybdate, 28 mM NaH,PO,) for 90 minutes and absorbance was
measured at 695 nm.

Total reducing power was determined as iron reducing capacity using ascorbic acid
as standard®@V. For this, extracts were treated with 2 ml phosphate buffer (pH 6.6) and 2
ml 1% K Fe(CN), and incubated for 40 minutes. After that, 2 ml of 10% trichloroacetic acid
was added and centrifuged at 3000 rpm for 10 minutes. 2.5 ml distilled water and 0.4 ml of
1% FeCl, was added to each 2 ml supernatant to quantitate the formation of ferric-ferrous
complex at 700 nm.

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical assay was done by adding 10 ug or 10
pl crude aqueous extracts in 2 ml methanol with 2 ml 0.1 M DPPH solution in methanol. After
an hour, the absorbance was measured at 517 nm and % inhibition of DPPH was calculated
as % inhibition = 100 x (Absorbance in blank — Absorbance of sample)/Absorbance of blank®.

H,O, scavenging activity was determined by adding 10 ug or 10 ul extracts in 3.4
ml methanol and 0.6 ml 43 mM H,O,. This solution was incubated for 30 minutes and
absorbance was noted at 230 nm using UV-spectrophotometer. H O, scavenging activity
as calculated as % scavenged = 100 x (Absorbance in blank — Absorbance of sample)/
Absorbance of blank®".
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The thin-layer chromatography (TLC) was done using commercially available
aluminium TLC plates. Combination of chloroform and ethanol was used as the solvent
system. Briefly, samples were spotted on a dried plate and placed on solvent. After the
completion of chromatography, the plates were developed with iodine or by spraying with
0.1 M DPPH solution®.

Results and Discussion

Crude plant extract was prepared as discussed in the materials and method section.
13.15% (w/w) of methanolic, 1.53% (w/w) of cyclohexane and 13.63% (v/w) aqueous extract
per gram of fresh O. corniculata leaf were obtained (Table 1). The methanolic crude extract
was green in color. On the contrary, the cyclohexane and fresh leaf aqueous extracts were
dark green and light green in color respectively. Lower yield of cyclohexane extract could
be due to the comparatively lower abundance of non-polar compounds in leaf. Color of the
extracts could be associated with phytopigment contents in respective extracts®?.

Table 1. Physical properties of the crude O. corniculata extracts

Types of Extract % Yield Properties of extract

Methanolic extract 13.15 Green in color, pungent taste

Cyclohexane extract 1.53 Dark green in color, good aroma

Aqueous extract 13.63 Light green in color, good taste and aroma

To estimate the phenolic content, we used gallic acid as a standard phenolic. Our study
showed that the total phenolic content of methanol, cyclohexane and aqueous extracts were
18.63 + 0.55 mg, 16.56 + 1.28 mg and 0.35 + 0.12 mg gallic acid equivalent respectively per
gram of fresh leaf based on the gallic acid standard curve. Such finding showed a significant
decrease of phenolics in aqueous extract as compared to methanolic and cycloxane extract
(Table 2). However, keeping the extract for six months at -20 °C reduced the phenolic
content in methanolic and cyclohexane extracts (10.59 + 0.20 and 14.53 + 0.89 mg gallic
acid equivalent per gram of leaf respectively), but not in aqueous extract (0.36 + 0.09 mg
gallic acid equivalent per gram of leaf). Possibly, the phenolics in aqueous extract, although
very low in amount, could be more stable as compared to the phenolics in other extracts®.
The total flavonoids contents was measured based on quercetin standard curve and the
flavonoids contents of methanolic, cyclohexane and aqueous extracts were 6.46 + 0.85 mg,
15.72 + 0.089 mg and 2.06 + 0.01 mg quercetin equivalent per gram of fresh leaf respectively
(Table 2). However, preservation of extracts at -20°C for six months reduced the flavonoids
content in all extracts (1.32 +0.02 mg, 2.53 £ 0.10 mg and 0.29 + 0.03 mg quercetin equivalent
per gram of fresh leaf respectively for methanolic, cyclohexane, and aqueous extracts). This
data indicated that most of the O. corniculata leaf flavonoids could be unstable®.
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Table 2. Chemical composition of O. corniculata extracts

Total Phenolics* Total Flavonoids*
Extract
Fresh Preserved Fresh Preserved
Methanolic 18.63 +0.55 10.59 +0.20 6.46 + 0.85 1.32+0.02
Cyclohexane 16.56 £ 1.28 14.53 +0.89 15.72 £ 0.089 2.53+0.10
Aqueous 0.35+0.12 0.36 +0.09 2.06 +0.01 0.29 +£0.03

*equivalent to mg gallic acid + standard deviation (n = 3) per gram of fresh leaf.
‘equivalent to mg quercetin + standard deviation (n = 3) per gram of fresh leaf.

Ascorbic acid was used as a standard to assess all the antioxidant potentials of O.
corniculata leaves in this study and such potentials was estimated as per gram of fresh leaf.
The total antioxidant capacity of methanolic, cyclohexane and aqueous extracts were 12.33
+0.54 mg, 2.81 + 0.43 mg and 0.71 + 0.02 mg ascorbic acid equivalent per gram of fresh leaf
respectively (Table 3). However, the total antioxidant capacities of these extracts were 3.78
+0.25mg, 0.78 + 0.01 mg, and 0.19 + 0.03 mg ascorbic acid equivalent per gram of fresh leaf
respectively after preservation. This data suggested that the total antioxidant capacity of
these extracts decreased over time and very unstable due to oxidation®. The total reducing
power of methanolic, cyclohexane and aqueous extracts were 3.79 + 0.37 mg, 0.29 + 0.06 mg
and 0.27 +0.05 mg ascorbic acid equivalent per gram of fresh leaf respectively (Table 3). After
preservation for six months at -20°C, the reducing power of methanolic extract was reduced
to 1.34 + 0.14 mg ascorbic acid equivalent per gram of fresh leaf and no reducing power
was detected in other extracts. This data clearly indicated that the reducing power of these
extracts, especially the cyclohexane and aqueous extracts, were very ineffective and could
be volatile®. IC,  of DPPH free radical scavenging activities of fresh leaves methanolic and
aqueous extracts were 10.14 + 0.04 mg, and 129.55 + 1.88 mg, respectively (Table 3). The
cyclohexane fraction failed to show any DPPH free radical scavenging activity, supporting
the poor antioxidant power of such extract. Moreover, a 75% reduction of DPPH free radical
scavenging activity in methanolic extract and complete reduction of the same in aqueous
extract were observed after six months of preservation. IC,, of the hydrogen peroxide
(H,O,) scavenging activity of methanolic extract and aqueous extract of fresh leaves were
about 11.1 + 0.01 mg and 174.3 + 4.12 mg, respectively (Table 3). After six months, the H,O,
scavenging activity of methanolic extract was reduced to about 51%. Cyclohexane extract
never showed any peroxide scavenging activity. All these data indicated that the methanolic
extract could be the best for O. corniculata since it possess better chemical compositions and
biochemical activities. Reduction of biochemical potentials and chemical contents in these
extracts after preservation could be associated with compound instability and oxidation. In
order to develop neutraceuticals, a freshly prepared extract must be used since the potency
of extract become unstable after six months, and the prepared extracts should not be used
after six months even though refrigerated. Finally, we concluded that consumption of
one gram of fresh O. corniculata leaf would provide 0.35 + 0.12 mg gallic acid equivalent
phenolics and 2.06 + 0.01 mg quercetin equivalent flavonoids, and such compounds would
exert antioxidant potentials equivalent to maximum 710.0 + 2.0 pg equivalence of ascorbic
acid (vitamin C).
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Table 3. Biochemical activities of O. corniculata extracts

Total antioxidant . $ DPPH free radical H,O, scavenging power

s Total reducing power X . 272 A

Extract capacity’ scavanging IC, | (G
Fresh Preserved Fresh Preserved Fresh Preserved Fresh Preserved

Methanolic 1233054 3.78+025 379+037 1.34+0.14 10.14+0.04 76.34+0.34 111001  56.9+0.56
Cyclohexane  2.81+0.43 0.78+0.01 029+0.06 - - - - -

Aqueous 0.71+0.02 019+0.03 027+0.05 - 129.55 +1.88 - 1743+412 -

Sequivalent to mg ascorbic acid + standard deviation (n = 3) per gram of fresh leaf.
‘mg fresh leaf + (n = 3) standard deviation.

To further estimate the bioactive compounds in O. corniculata extracts, we performed
thin layer chromatography (TLC) to detect the presence of any alkaloid. TLC of O. corniculata
methanolic extract using solvent system chloroform:ethanol (8:2) showed 2 spots of R,
values 0.42 and 0.38, and with solvent system of chloroform:ethanol (2:8) showed 2 spots
with Rf values of 0.32 and 0.20 (Fig. 1) as detected iodine that forms iodine-unsaturated
compound intermediate. Antioxidant activities of these spots were observed as indicated
by color change of DPPH solution (data not shown) due to antioxidant effect of compounds
enriched in the methanolic extract of O. corniculata®. These compounds will be isolated,
purified and identified using '"H NMR spectroscopy in future studies.

A

B

Spot line

Solvent
front

Fig. 1. TLC fingerprints of O. corniculata methanolic extract. (A) with solvent system chloroform:ethanol
8:2, (B) with solvent system chloroform:ethanol 2:8. White arrows indicate bands.

Conclusion

From the above studies, it could be suggested that methanolic leaf extract of O.
corniculata should be a good source of bioactive compounds. The higher biochemical
activities of methanolic extract compared to the aqueous and cyclohexane extracts indicated
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that the active compounds were mostly semi-polar and unstable in water. One possibility
could be that these compounds are readily oxidized in aqueous environment. Thereby, it
is concluded that the fresh methanolic extract could be used to develop nutraceuticals®
but the stability of such nutraceuticals remained questionable. Further strategies would be
needed to stabilize the extract for such application.
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