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Summary

Total antioxidant capacity of four folk antidiabetic medicinal plants of India was
assessed for aqueous and methanolic extract. The total antioxidant activity of
aqueous and methanolic extract was determined by ferric reducing power (FRAP)
assay, measuring Fe'"/ ferricyanide, using phosphomolybdenum complex and by
DPPH radical scavenging activity. Quantitative estimation of total phenolic
compound was achieved using Folin-Ciocalteu assay. In general, methanolic
extracts were showing better antioxidant activity than aqueous extracts. Highest
phenolic content (41.35mg GAE/g) was reported from methanolic extract of
Momordica charantia, apart from this same extract was able to show highest FRAP
value (86.19 mM Fe(Il)/g dry weight), reducing power, total antioxidant activity
(67.68 mg BHT/g dry weight) and DPPH radical scavenging activity (87%, ICs
0.64mg/ml).
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Introduction

Metabolism of oxygen is the constant source for spontaneous generation of free radicals and other
reactive oxygen species (ROS) like hydroxyl radical (OH), superoxide anion (O;’) and hydrogen
peroxide (H,O;) (1). The oxidative damages caused by ROS affect lipid, protein and nucleic acid
in many ways (2,3,4) and eventually play an important role in the initiation and/or progression of
various diseases such as diabetes (5), cataracts (6), muscular degeneration (7), impaired wound
healing (8), gastrointestinal inflammatory diseases (9), atherosclerosis, inflammatory injury, aging
(10), cancer (11), cardiovascular diseases (12), neurodegenerative diseases, including Parkinson’s
and Alzheimer’s diseases (13,14). It has been reported that antioxidant compounds can offer a
possible solution for curing some serious diseases like diabetes (15), cardiovascular diseases (16),
and female reproductive diseases (17). The total antioxidant activity of a plant is the sum of
individual activities of each of the antioxidant compounds present such as vitamin C, tocopherols,
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carotenoids, and phenolic compounds (18,19). Moreover, these compounds render their effects via
different mechanisms such as radical scavenging, metal chelation, inhibition of lipid peroxidation,
quenching of singlet oxygen to act as antioxidants (20). Butylated hydroxytoluene (BHT) and
butylated hydroxyanisole (BHA) were the most widely used antioxidant compound which have
been restricted from use because of their liver damage and carcinogenic potential (21,22,23,24). So
in recent arena much attention has been given to search new natural antioxidants from medicinal
plants because they can protect human body from various diseases by many ways. In spite of the
advent of modern high throughput drug discovery and screening techniques, traditional knowledge
systems have given clues to the discovery of valuable drugs (25). In the present study attempts are
made to determine the total phenolic contents and the antioxidant properties of aqueous and
methanolic extracts of four folk antidiabetic medicinal plants (table-1) of India by various methods
including FRAP assay, reducing power, DPPH radical assay and total antioxidant capacity.

Materials and Methods

Sample preparation

The samples were dried in hot air oven at 50 °C for 10 h. The dried material was ground to a fine
powder and kept in an air-tight container at 4 °C until further use. For the aqueous extraction, 1.0 g
of fine powder was extracted with 10 ml of distilled water at 90 °C for 30 mins in water bath. For
methanolic extraction, 1.0 g of fine powder was extracted with 10 ml of 80% methanol at 40 °C for
24 h. The samples were cooled down to room temperature and centrifuged at 5000xg for 20 mins.
The supernatant was collected and freeze dried. The dried sample of each extract was weighed to
determine the yield of soluble constituents and stored at 4 °C until further use. The yield of
aqueous extract was found to be 7.2% (w/w), while yield for methanolic extract was found to be
8.6% (wW/w).

Determination of total phenolics

Total phenolics concentration was estimated by Folin-Ciocalteu method described by Singleton
and Rossi (26). Two hundred microliters of 1:10 diluted samples was added to 1 ml of 1:10 diluted
Folin-Ciocalteu reagent. After 4 mins, 800 pl of sodium carbonate (75 g/l) was added. After 2 h of
incubation at room temperature, absorbance was measured at 765 nm. Gallic acid (0-500 mg/l) was
used for calibration of standard curve. The result was expressed as mg gallic acid equivalents
(GAE)/g dry weight of plant material. Triplicate measurements were taken and mean value was
calculated.

Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed according to the procedure given by Benzie and Strain (27) with
slight modifications. The FRAP reagent was prepared from acetate buffer (pH 3.6), 10 mM TPTZ
(2,4,6-tripyridyl triazine) solution in 40 mM HCI and 20 mM iron (III) chloride solution in
proportions of 10:1:1 (v/v) respectively. The FRAP reagent was prepared fresh and was warmed to
37 °C in a water bath prior to use. Fifty microliter of sample was added to 1.5 ml of FRAP reagent.
After 4 mins, absorbance of reaction mixture was recorded at 593 nm. Standard curve was
constructed using Iron (II) sulfate solution and the results were expressed as mM Fe(Il)/g dry
weight of plant material. All the measurements were taken in triplicate and the mean value was
calculated.

Measurement of reducing power

The reducing power of plant extracts was determined according to the method given by Yen and
Chen (28). Different concentrations of extracts (0.5-2.5mg/ml) were mixed with 2.5 ml of 0.2 M
phosphate buffer (pH 6.6) and 2.5 ml potassium ferricyanide (1%). The tubes were capped and
incubated at 50 °C for 20 mins. An equal volume of 1% trichloroacetic acid was added to the
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mixture to stop the reaction. The mixture was centrifuged at 300xg for 10 mins. The supernatant
was mixed with distilled water and 0.1% FeCl; in a ratio of 1:1:0.2 and absorbance was measured
at 700 nm. The reducing power of tested extract increases with increasing absorbance value.

Evaluation of Total antioxidant capacity by phosphomolybdenum method

Total antioxidant activity of the plant extracts was evaluated by the standard method (29). 0.3 ml
of the sample solution (three replicates) was mixed with 2.7 ml of reagent solution (0.6M sulfuric
acid, 28 mM sodium phosphate and 4 mM ammonium molebdate). The tubes were capped and
incubated at 95 °C for 90 mins. After the sample had cooled down to room temperature, the
absorbance was measured at 695 nm against a blank. The antioxidant activity was expressed as mg
BHT/g dry weight of plant material.

DPPH radical-scavenging activity

The hydrogen atom or electron-donation ability of the corresponding extracts was measured from
the bleaching of a purple-coloured methanolic solution of DPPH. The antioxidant activity of the
extracts was determined by standard method, based on the scavenging activity of the stable 1,1-
diphenyl-2- picrylhydrazyl (DPPH) free radical (30). An aliquot of the extract (0.1 ml, 2 mg/ml)
was added to 3 ml of a 0.001 M DPPH in methanol. Absorbance at 517 nm was determined after
30 mins, and the percent inhibition of activity was calculated as [(Ao - Ae)/Ao] — 100.

(Ao = absorbance without extract, Ae = absorbance with extract).

The extract whose DPPH radical scavenging capacity was found to be highest was serially diluted
to eight different concentrations to determine ICsy.

Table-1. List of folk antidiabetic plants and part used

Name of the Plant Family Partused | Reference

Eucalyptus globules Myrtaceae Leaves 3D

Eugenia uniflora Myrtaceae Leaves (32)

Momordica charantia Cucurbitaceae Seeds (33)

Syzium cumini Myrtaceae Leaves (34)
Results

Total phenolic contents of the various extracts

Total phenolic content in the aqueous and methanolic extracts was determined according to the
Folin-Ciocalteu method and expressed as mg GAE/g dry weight of plant material. The total
phenolics data for aqueous and methanolic extracts of four selected plants are shown in table-2.
Methanol was found to be the most effective solvent in extraction of antioxidants from folk
medicinal plants. This is similar to the previous reports that methanol is a widely used and
effective solvent for extraction of antioxidants (35, 36). Momordica charantia was reported to
have highest phenolic content in both aqueous extract (27.70 mg GAE/g) as well as in methanolic
extract (41.35 mg GAE/g). Least phenolic content, 8.75 mg GAE/g for aqueous extract and 16.80
mg GAE/g for methanolic extract was reported from Eugenia uniflora.

Table-2. Total phenolic content of aqueous and methanolic extract from different plants.

Phenolic content (mg GAE/g dry weight)

Plant name Aqueous extract Methanolic extract
Eucalyptus globules 12.25+1.56 23.95+1.12
Eugenia uniflora 8.75+1.34 16.80+1.82
Momordica charantia 27.70+1.47 41.3542.21
Syzium cumini 21.40+1.78 32.65+1.65
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Many reports have revealed that the phenolic compounds such as flavonoids, phenolic acid and
tannins in plants are related to their antioxidant activities. These antioxidant activities of phenolic
compounds are because of their redox properties, which render them to act as reducing agents,
hydrogen donor and singlet oxygen quenchers (37, 38, 39).

FRAP assay

The ability of the plants extracts to reduce ferric ions was determined using the FRAP assay.
FRAP assay measures the change in absorbance at 593 nm owing to the formation of a blue
coloured Fe'- tripyridyltriazine compound from the colourless oxidized Fe'" form by the action of
electron donating antioxidants (40). In FRAP assay the antioxidant activity of the extract under the
test was calculated with reference to the reaction signal given by Fe®" solution of known
concentration, representing one electron exchange reaction. The FRAP values of aqueous and
methanolic extract of various plants are given in table-3. Momordica charantia was reported to
show highest ferric ion reducing activity among all the plants used. For aqueous extract FRAP
values (mM Fe(Il)/g dry weight) of Momordica charantia was reported to be 50.45 while it has
increased to 86.19 in methanolic extract. Least FRAP value was shown by Eugenia uniflora which
was 21.30 for aqueous extract and 42.15 for methanolic extract. The trend of FRAP value was
reported to be Momordica charantia > Syzium cumini > Eucalyptus globules > Eugenia uniflora.

Table-3. FRAP value of aqueous and methanolic extracts from different plants.

Plant name FRAP value (mM Fe(Il)/g dry weight)
Aqueous extract Methanolic extract
Eucalyptus globules 26.55+1.24 54.60+2.54
Eugenia uniflora 21.30+0.96 42.15+£2.13
Momordica charantia 50.45+2.76 86.19+3.49
Syzium cumini 38.15+1.09 68.75+1.83

Since FRAP assay is reproducible and linearly related to the molar concentration of the
antioxidants present it can be reported that folk antidiabetic medicinal plants used in this study
may act as free radical scavenger, capable of transforming reactive free radical species into stable
nonradical products. (27).

Reducing power of methanolic and aqueous extracts of various plant

In the reducing power assay, presence of reductants in the extracts would result in reduction of
Fe**/ferricyanide to Fe*" by donating an electron. The amount of Fe*" complex can be monitored
by measuring the formation of Perl’s Prussian blue at 700 nm wavelength (41). Increase in
absorbance at 700 nm reflects an increase in reductive ability. The reducing powers of aqueous and
methanolic extracts are shown in table-4 and table-5 respectively. As a general trend, it was
observed that as the concentration increased from 0.5 to 2.5 mg/ml, there was an increase in
absorbance with both the solvent for all the plants studied.

Table-4. Reducing power of aqueous extract of various plants

Absorbance at 700nm
Concentration | Momordica Syzium Eucalyptus Eugenia BHT
(mg/ml) charantia cumini globules uniflora
0.5 0.091+0.01 0.05+0.01 0.07+0.01 0.01+0.002 0.21+0.01
1.0 0.134+0.02 0.08+0.01 0.10+0.01 0.05+0.01 0.334+0.02
1.5 0.19+0.01 0.12+0.02 0.14+0.01 0.09+0.01 0.46+0.01
2.0 0.244+0.03 0.18+0.01 0.214+0.02 0.13+0.02 0.60+0.02
2.5 0.32+0.04 0.23+0.02 0.26+0.02 0.17£0.01 0.74+0.02
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Table-5. Reducing power of methanolic extract of various plants

Absorbance at 700nm
Concentration | Momordica Syzium Eucalyptus Eugenia BHT
(mg/ml) charantia cumini globules uniflora
0.5 0.11+0.01 0.09+0.01 0.11+0.01 0.034+0.01 0.214+0.02
1.0 0.16+0.02 0.12+0.01 0.14+0.01 0.08+0.01 0.334+0.01
1.5 0.224+0.01 0.16+0.02 0.174+0.02 0.124+0.01 0.46+0.02
2.0 0.27+0.01 0.24+0.03 0.28+0.02 0.16+0.03 0.60+0.03
2.5 0.38+0.03 0.29+0.02 0.324+0.04 0.2140.02 0.74+0.02

The reducing powers of the samples were found to be in the following order BHT > Momordica
charantia > Eucalyptus globules > Syzium cumini > Eugenia uniflora which remain same for both
aqueous and methanolic extract. Momordica charantia showed the highest reducing power which
was 0.32 for aqueous extract and 0.38 for methanolic extract, at 2.5 mg/ml concentration.
Minimum reducing power was shown by Eugenia uniflora, which was 0.17 for aqueous extract
and 0.21 for methanolic extract, at 2.5 mg/ml concentration. With these results it can be said that
these plant extracts could serve as electron donors and terminate free radical chain reaction (28, 42,
43).

Total antioxidant capacity

Total antioxidant capacity of different plants is expressed as number of equivalents of mg BHT/g
dry weight (table- 6). The phosphomolybdenum method is a quantitative assay to evaluate water-
soluble and fat-soluble antioxidant capacity (29). The assay is based on the reduction of Mo (VI) to
Mo(V) by the extract and subsequent formation of a green phosphate/Mo(V) complex at acidic pH.
The extracts were found to have different levels of antioxidant activity. In this assay, methanolic
extracts were found to have higher activity, aqueous extract again showed lower activity. In both
methanolic as well as aqueous extract antioxidant activities of the plants were: Momordica
charantia > Syzium cumini > Eucalyptus globules > Eugenia uniflora. The extracts demonstrated
electron-donating capacity and thus they may act as radical chain terminators, transforming
reactive free radical species into more stable non-reactive products (44).

Table-6. Total antioxidant capacity of aqueous and methanolic extracts from different plants.

Plant name Total antioxidant capacity (mg BHT/g dry weight)
Aqueous extract Methanolic extract
Eucalyptus globules 23.32+0.96 41.90+1.78
Eugenia uniflora 14.65+0.57 22.75+1.24
Momordica charantia 42.45+1.13 67.68+3.11
Syzium cumini 35.79+2.45 52.81+1.89

DPPH radical-scavenging activity

The assay for scavenging the stable DPPH radical is a widely used method to evaluate the free
radical scavenging activity of various samples. Antioxidants, on interaction with DPPH transfer
electrons or hydrogen atoms to DPPH, thus neutralizing free radical character (45). The colour of
the reaction mixture changes from purple to yellow and its absorbance at wavelength 517 nm
decreases. Table-7 shows the DPPH radical scavenging activities of four different medicinal
plants. It was found that, the scavenging activities are in order of Momordica charantia > Syzium
cumini > Eucalyptus globules > Eugenia uniflora for both aqueous and methanolic extracts.
Momordica charantia exhibited highest antioxidant potential with 87.45% DPPH radical
scavenging activity. ICsyo was determined for methanolic extract of Momordica charantia. a-Toc
had an ICsy value of 0.16 + 0.01 mg/ml, whereas the ICsy for methanolic extract of Momordica
charantia was found to be 0.64 = 0.19 mg/ml.
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Table-7. DPPH radical-scavenging capacity of various plants

Plant name DPPH radical-scavenging capacity (%)
Aqueous extract Methanolic extract
Eucalyptus globules 34.43+0.49 56.67 +0.42
Eugenia uniflora 21.52+0.32 28.76 +£0.23
Momordica charantia 59.15+0.95 87.45+0.51
Syzium cumini 42.67 +0.63 68.84 + 0.69
Discussion

In the present study phenolic content and antioxidant activity of aqueous and methanolic extracts
of four folk antidiabetic plants was determined by FRAP assay, reducing power assay, total
antioxidant assay using phosphomolybdenum and by DPPH radical scavenging activity. It was
observed that Momordica charantia showed best results while Eugenia uniflora showed least
values for the aforesaid antioxidant assays. Shifts in redox balances, auto-oxidation of glucose,
decreased tissue concentrations of low molecular weight antioxidants such as glutathione (GSH),
vitamin E and impaired activities of antioxidant defense enzymes such as superoxide dismutase
(SOD) and catalase (46) could be the probable sources of oxidative stress in diabetes. Increased
oxidative stress in diabetes is supposed to promote the development of neuropathy (47),
nephropathy (48,49), myocardial injury (50) and retinopathy (51). Oxidative stress may decrease
insulin sensitivity and injure the insulin-producing cells within the pancreas. For example, ROS
can penetrate through cell membranes and cause damage to B-cells of pancreas (52). Since
antioxidants have been observed to curtail ROS, we can say that they can also be useful against
diabetes. Moreover, antioxidant treatment has been observed to exert beneficial effects in diabetes,
with preservation of in vivo B-cell mass by reducing B-cell apoptosis (15). Polyphenolic
compounds, like Apigenin isolated from leaves of Myrcia multiflora, could also play important
role in diabetes. Apigenin was observed to have inhibitory effect on enzyme aldose reductase (53).
This enzyme plays an important role in polyol pathways, by catalyzing the reduction of the glucose
to sorbitol, which cannot diffuse out of cell membrane under normal conditions. Because of
intracellular accumulation of sorbitol, chronic complication of diabetes such as neuropathy,
retinopathy and cataracts can occur. These findings suggest that there could be a correlation
between total phenolics concentration, antioxidant activity and antidiabetic potential of the plant
extracts. Antioxidants may act at different levels, they may inhibit the formation of ROS, scavenge
free radicals or increase the antioxidants defense enzyme capabilities. Since the extracts used in
present study have high phenolic content and good antioxidant potential determined by various
chemical assays, we can say that they can be potential antidiabetic agents as well as can protect the
body against oxidative damage and their harmful consequences.

Conclusion

In conclusion, we might say that our results further support the view that the four chosen medicinal
plants are promising sources of natural antioxidants. Total phenolic content and values for different
antioxidant assays differ significantly among aqueous and methanolic extracts of selected
medicinal plants. With the above results we can say that plants used in this study possess good
antioxidant potential and it is possible that this high antioxidant potential could contribute in their
folk antidiabetic and medicinal properties.
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