
Introduction

Free radicals in the form of hydroxyl radical (OH), superoxide 
anion (O2 ), nitrogen dioxide (NO2), peroxyl ˉ), nitric oxide (NO
(ROO) and lipid peroxyl (LOO) are by products of our body's 
metabolism (Alam et al., 2013; Pisoschi and Negulescu, 2011; 
Seifu et al., 2012). An imbalance between free radical 
generation and antioxidant defences produces oxidative stress 
which damages biomolecules like lipids, proteins and DNA and 
RNA (Amarowicz et al., 2004). It is now well established that 
oxidative stress has implications in pathogenesis of various 
diseases like cardiovascular, neurodegenerative, cancer and 

aging among others (Szymanska et al., 2016). Antioxidants 
are stable molecules that neutralize free radicals by donating 
an electron and thus reducing the damage caused by these 
free radicals (Brewer, 2011; Lobo et al., 2010). Medicinal 
plants are a great source of natural antioxidants due to the 
presence of secondary metabolites such as phenolic and 
flavonoid compounds which possess strong free radical 
scavenging property (Abdel-lateif et al., 2016). 

For the analysis of medicinal plants, extraction plays an 
extremely crucial role as it is desirable to extract 
phytochemicals from the plant material (Sasidharan et al., 
2011). During extraction, solvents diffuse into the solid plant 
material and solubilise compounds with similar polarity 
(Pandey and Tripathi, 2014). Additionally, as the 
phytochemicals to be extracted may be non-polar to polar and 
thermally labile, the suitability of the methods of extraction 
(Sasidharan et al., 2011) and various conditions such as time 
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and temperature must also be considered (Doughari, 2012). 
Thus, it is recommended that solvents and conditions that enable 
isolation of wide range of compounds must be employed for 
efficient extraction (Romanik et al., 2007). Various methods, 
such as soxhlet extraction, ultrasound assisted extraction etc. are 
commonly used for the extraction from plant material (Azmir et 
al., 2013; Azwanida, 2015; Stalikas, 2007). Polar solvents are 
frequently employed for the recovery of phytochemicals such as 
polyphenols from a plant material. The most suitable of these 
solvents are water, methanol, ethanol, chloroform and aqueous 
mixtures containing ethanol and methanol (Peschel et al., 2006).

Bauhinia variegata Linn (Caesalpiniaceae) has been used in 
treating bronchitis, leprosy, tumors and ulcer (Mishra et al., 
2013; Rajkapoor et al., 2006). Also, chemopreventive, 
anticarcinogenic and antimutagenic potentials of the plant has 
been reported (Agrawal and Pandey, 2009; Rajkapoor et al., 
2003).  Wight & Arn (Asclepiadaceae) Leptadenia reticulata
possesses various pharmacological activities like antibacterial 
(Kalidass et al., 2009), antifungal (Mishra et al., 2010), 
analgesic, anti-inflammatory, anti-lipoxygenase (Mohanty et 
al., 2015). Also, anticarcinogenic potential of the ethanolic 
extracts have been reported against Dalton's Ascitic Lymphoma 
(Sathiyanarayanan et al., 2007). However, reports on the 
phenolic content, flavonoid content and antioxidant activity are 
sparse. Thus, in the present study, we have evaluated the 
phenolic content, flavonoid content, free radical scavenging and 
total antioxidant activity of these two plants.

Materials and Methods

Chemicals

Methanol, Chloroform, Sodium Carbonate, Sodium Hydroxide, 
Sulfuric Acid and Aluminium Chloride were procured from 
Merck chemicals. Dimethyl Sulphoxide (DMSO), Gallic acid, 
Folin-Ciocalteu reagent, 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH), and Rutin were procured from HiMedia Laboratories 
Pvt. Ltd. Ascorbic acid and Sodium Nitrite was ordered from S. 
D. Fine Chemicals Ltd. Sodium Phosphate and Ammonium 
Molybdate were procured from Sisco Research Laboratory. All 
chemicals used in the experiments were of analytical grade.

Instrumentations

The bath sonicator used was from Chicago electric power tools, 
temperature controlled water bath was from Shivtronics and   
rotary shaker was from Bright Instruments. The Multiskan Go  
plate reader was purchased from Thermo Fischer Scientific. 
Ultrapure water was collected from Milli Q system. Deep 
freezer (-20°C) was purchased from Blue Star.  

Collection of plant material and extraction

The leaf part of  and  Bauhinia variegata  Leptadenia reticulata
was collected from Xavier Residence c/o St. Xavier's College 
Campus, Ahmedabad. The plant was verified and confirmed by 
Botanist Dr. Hitesh Solanki from Botany Department of Gujarat 

University. Leaves were thoroughly washed with tap water 
to remove the dirt particles followed by distilled water and 
were then shade dried. The dried leaf was then crushed into 
fine powder and subjected to extraction using three 
experimental conditions (elevated temperature, 25°C 
temperature and ultrasound waves) and four solvent 
systems [water, methanol, water: methanol (1:1), 
chloroform: methanol (1:1)]. During extraction the powder 
to solvent (w/v) ratio was kept 1:10 (Tiwari et al., 2011). 
The elevated temperature extraction was carried out in hot 
water bath below the boiling point of respective solvent 
used for extraction. The temperature for extraction was for 
water: 90°C; for methanol: 55°C; for water: methanol- 
65°C; for chloroform: methanol- 50°C. The extraction 
using ultrasound waves was performed (60 Hz frequency) 
with the aid of a bath sonicator (Romanik et al., 2007). For 
elevated temperature and sonication extraction, one gram 
powder was taken in a stoppered tube and 10 ml of solvent 
was added to it which was then incubated in hot water bath 
or bath sonicator for one hour, as relevant. At the end of the 
incubation period, the filtrate was collected in a pre-
weighed beaker. This procedure was repeated until the 
solvent became colourless. For cold extraction, the solvents 
were changed every 24 hours and constant agitation was 
provided at 100 rpm (Daniel, 1991). The extracts were 
filtered using Whatman no. 1 filter paper. The collected 
filtrate was pooled and evaporated to dryness until a 
constant weight was achieved. Then stocks of the extract at 
a concentration of 100 mg/ml were prepared in DMSO and 
stored at -20°C until further use.

Total phenolic estimation 

The total phenolic content was estimated by the Folin-
Ciocalteu method as described by Herald et al., 2012, and 
Vyas and Braganza, 2018. Briefly, 20 µl plant extract 
( - 1 mg/ml; - 5 Bauhinia variegata Leptadenia reticulata
mg/ml) was added into the wells of 96 well plate followed 
by 80 µl Folin Ciocalteu reagent (1:10 dilution [v/v] with 
MilliQ water). At the end of the 6  minute, 100 µl of 7.5% th

Na CO  was added to the mixture in each well. The plate 2 3

was covered and incubated in the dark for 90 minutes. The 
absorbance was measured at 765 nm against methanol 
blank in Multiskan Go plate reader. Gallic acid was used as 
a standard to generate a calibration curve (12.5- 200 µg/ml). 
The results were expressed in terms of Gallic acid 
equivalent (mg GAE/g dry extract). Each standard and 
sample solution was analysed in triplicate. The samples 
were assayed against a sample control (i.e. sample solution 
without F–C reagent and Na CO ).2 3

Total flavonoid estimation

The total flavonoid content was estimated by the Aluminium 
chloride method as described by Herald et al., (2012) and Vyas 
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and Braganza, 2018. Briefly, 25µl plant extract (Bauhinia 
variegata- Leptadenia reticulata1 mg/ml; - 5 mg/ml) followed by 
10µl 5% NaNO  was added to the wells of 96 well plate. After 5 2

min, 15µl 10% AlCl  was added to the reaction mixture. At the 6  3
th

min, 50µl 1M NaOH was added to the wells followed by 150 µl 
MilliQ water. The absorbance was read against methanol blank at 
510 nm using Multiskan Go plate reader. Rutin was used to 
generate calibration curve (100 to 700µg/ml) and the results were 
expressed as Rutin equivalent (mg RE/g dry extract). The samples 
were measured against sample control. 

Free radical scavenging activity

The free radical scavenging activity of the extracts was 
estimated using free radical DPPH as described by Blois, (1958) 
and Vyas and Braganza, (2018). DPPH is a stable free radical 
and loses its deep purple colour and turns to yellow upon 
reaction with any oxidising compound. It is a rapid, simple, and 
widely used method to measure the ability of compounds to act 
as free radical scavengers or hydrogen donors (Kedare and 
Singh, 2011). A freshly prepared 0.1 mM DPPH in methanol was 
used for the estimation. 25µl of plant extract (Bauhinia 
variegata- Leptadenia reticulata0.5 mg/ml; - 2.5 mg/ml) was 
added to wells of a 96 well plate followed by 200 µl DPPH was 
added and the mixture was incubated for 30 minutes in dark. The 
absorbance (A) was measured at 517 nm at the end of the 
incubation period using Multiskan go plate reader. A standard 
curve was prepared using Ascorbic acid (10µg/ml to 50µg/ml). 
Appropriate blank and controls were also used in the 
experiment. The results were expressed as percentage DPPH 
quenched and was calculated using the following formula: 

% DPPH quenched 

= [1 − (A )  (A )] × 100 (1)sample blank control blank − A  − A ........./   

Total antioxidant activity

The total antioxidant capacity was performed as per the 

method described by Prieto et al., 1999. Phosphomolybdenum 

assay is a quantitative method used for evaluation of the 

antioxidant capacity indicated by electron donating capacity. 

This method is based on the reduction of Mo (VI) to Mo (V) 

and the formation of a green phosphate/Mo (V) complex at 

acidic pH. The phosphomolybdenum method is quantitative 

since the total antioxidant activity of the extracts is expressed 

as the number of equivalents of ascorbic acid. Briefly, 100µl 

plant extract ( - 1 mg/ml; Bauhinia variegata Leptadenia 

reticulata- 5 mg/ml) was taken in a tube and 1 ml 

phosphomolybdenum reagent (0.6 M Sulfuric acid, 28 mM 

sodium phosphate, and 4 mM ammonium molybdate) was 

added to this. The samples were then incubated at 95°C for 90 

minutes in a water-bath. After the incubation period was 

completed, samples were allowed to cool at room temperature. 

The absorbance of the samples was measured at 695 nm. A 

calibration curve was generated using Ascorbic acid (50µg/ml 

to 250µg/ml) and results were expressed as Ascorbic acid 

equivalents mg AAE/g of dry extract. 

Statistical analysis

All the experiments were performed in triplicates. Results 

were expressed as the Mean ± SD of values obtained in 

triplicate from three independent experiments. 

Results

The results of the total phenolic and flavonoid content, free 

radical scavenging activity and total antioxidant activity for 

Bauhinia variegata Leptadenia reticulata  Linn and (Retz.) 

Wight & Arn were as shown in table 1 and 2 respectively.

www.ajpp.in

Table 1. Total phenolic content, total flavonoid content, free radical scavenging activity and total antioxidant  of activity Bauhinia 

variegata plant extracts.

*TPC- Total Phenolic Content, TFC- Total Flavonoid Content, FRS- Free Radical Scavenging and TAA- Total Antioxidant Activity. The TPC and TFC were 

expressed as mg GAE/ g and mg RE/g of dry extract respectively. The free radical scavenging activity was expressed as % DPPH scavenged. The total antioxidant 

activity was expressed as mg AAE/ g extract. Results were expressed in terms of Mean ± SD The abbreviations used in table represent Water (W), Methanol (M), . 

and Water: Methanol (WM) and Chloroform: Methanol (CM).

Treatment Solvent systems TPC* (mg GAE/g) TFC*(mg RE/g) FRS* (% DPPH Quenched) TAA* (mg AAE/g) 

Elevated temperature W 26.01 ± 0.89 8.46 ± 0.66 17.04 ± 0.88  56.39 ± 1.57 

M 59.70 ± 1.52 38.62 ± 1.40 50.37 ± 1.63  135.24 ± 4.37 

W: M 51.61 ± 1.78 37.64 ± 1.11 45.43 ± 1.57 70.96 ± 1.54 

C: M 49.10 ± 1.63 34.15 ± 1.93 40.85 ± 1.12 110.12 ±1.71 

25°C W 24.04 ± 1.15 3.86 ± 0.63 26.24 ± 0.92 30.14 ± 1.34 

M 69.39 ± 1.22 44.50 ± 1.11 57.01 ± 1.57 117.35 ± 2.47 

W: M 53.63 ± 1.59 24.09 ± 1.33 42.01 ± 1.55 65.77 ± 1.17  

C: M 32.41 ± 1.17 27.04 ± 0.55 28.40 ± 1.23 74.69 ± 1.76   

Sonication W 45.84 ± 1.82 18.40 ± 0.74 29.13 ± 1.24 52.79 ± 1.20 

M 54.11 ± 1.97 32.58 ± 1.20 41.59 ± 1.08 85.40 ± 2.98  

W: M 62.46 ± 0.55 36.56 ± 1.43 50.02 ± 1.27 73.65 ± 2.94  

C: M 41.56 ± 0.77 29.17 ± 0.94 42.68 ± 1.44 80.85 ± 1.60  
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Total phenolic estimation and flavonoid estimation

In the present study, the results obtained for the total phenolic and 

flavonoid content, free radical scavenging and total antioxidant 

activity were as shown in table 1 for  Linn Bauhinia variegata

crude extracts. In the methanol extracts prepared at elevated 

temperature, the total phenolic and flavonoid content ranged 

from 26.01 ± 0.89 to 59.70 ± 1.52 mg GAE/g of dry extract and 

8.46 ± 0.66 to 38.62 ± 1.40 mg RE/g of dry extract, respectively. 

In the extracts prepared at 25°C, the phenolic and flavonoid 

content ranged from 24.04 ± 1.15 to 69.39 ± 1.22 mg GAE/g of 

dry extract and 3.86 ± 0.63 and 44.50 ± 1.11 mg RE/g of dry 

extract, respectively. In the extracts prepared using sonication, 

the phenolic and flavonoid content ranged from 41.56 ± 0.77 to 

62.46 ± 0.55 mg GAE/g of dry extract and 18.40 ± 0.74 to 36.56 ± 

1.43 mg RE/g of dry extract, respectively. 

As shown in table 2 for the  crude extracts Leptadenia reticulata

prepared at elevated temperature, the total phenolic and 

flavonoid content ranged from 7.34 ± 0.10 to 24.60 ± 0.65 mg 

GAE/g of dry extract and 1.60 ± 0.04 to 6.44 ± 0.21 mg RE/g of 

dry extract, respectively. In the extracts prepared at 25°C, the 

phenolic and flavonoid content ranged from 9.47 ± 0.22 to 21.46 

± 0.34 mg GAE/g of dry extract and 1.41 ± 0.05 to 7.47 ± 0.30 mg 

RE/g of dry extract, respectively. In the extracts prepared using 

sonication, the phenolic and flavonoid content ranged from 3.68 

± 0.20 to 6.83 ± 0.19 mg GAE/g of dry extract and 3.68 ± 0.20 to 

6.83 ± 0.19 mg RE/g of dry extract, respectively. 

Free radical scavenging activity

For  extracts prepared at elevated Bauhinia variegata

temperature, the % free radical scavenging activity ranged from 

17 % to 51 %. For the extracts prepared at 25°C, it ranged 

from 26 % to 57 %. For extracts prepared by sonication, it 

ranged from 29% to 50%. 

For  extracts prepared at elevated Leptadenia reticulata

temperature, the % free radical scavenging activity ranged 

from 13 % to 67 %. For the extracts prepared at 25°C, it 

ranged from 18 % to 51%. For extracts prepared by 

sonication, it ranged from 30% to 65 %.

Total antioxidant activity

For , the total antioxidant capacity for the Bauhinia variegata

extracts prepared at elevated temperature ranged from 56.39 ± 

1.57 to 135.24 ± 4.37 mg AAE/g of dry weight of extracts. For 

the extracts prepared at 25°C, it ranged from 30.14 ± 1.34 to 

117.35 ± 2.47 mg AAE/g of dry weight of extracts. The 

extracts prepared using sonication were in the range, 52.79 ± 

1.20 to 85.40 ± 2.98 mg AAE/g of dry weight of extracts.

For , the total antioxidant capacity for Leptadenia reticulata

the extracts prepared at elevated temperature ranged from 

14.56 ± 0.52 to 40.89 ± 1.56 mg AAE/g of dry weight of 

extracts. For the extracts prepared at 25°C, it ranged from 

18.42 ± 1.05 to 51.37 ± 2.06 mg AAE/g of dry weight of 

extracts. The extracts prepared using sonication were in the 

range, 20.44 ± 0.77 to 52. 88 ± 1.34 mg AAE/g of dry weight 

of extracts.

Discussion

Plants possess secondary metabolites belonging to different 

classes such as phenolics, terpenoids, alkaloids etc. 

Amongst these classes, phenolics comprise the largest 
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Table 2. Total phenolic content, total flavonoid content, free radical scavenging activity and total antioxidant activity of 
Leptadenia reticulata plant extracts

*TPC- Total Phenolic Content, TFC- Total Flavonoid Content, FRS- Free Radical Scavenging and TAA- Total Antioxidant Activity. The TPC and TFC were 

expressed as mg GAE/ g and mg RE/g of dry extract respectively. The free radical scavenging activity was expressed as % DPPH scavenged. The total antioxidant 

activity was expressed as mg AAE/ g extract. Results were expressed in terms of Mean ± SD The abbreviations used in table represent Water (W), Methanol (M), . 

and Water: Methanol (WM) and Chloroform: Methanol (CM).

Treatment Solvent systems TPC* (mg GAE/g) TFC* (mg RE/g) FRS* (% DPPH Quenched) TAA* (mg AAE/g) 

Elevated temp. W 7.34 ± 0.10 1.60 ± 0.04 15.82 ± 1.50 14.56 ± 0.52 

M 14.39 ± 0.63 2.13 ± 0.07 30.30 ± 1.86 31.73 ± 1.46 

W: M 24.60 ± 0.65 6.44 ± 0.21 66.83 ± 0.91 27.50 ± 0.59 

C: M 16.20 ± 0.16 4.40 ± 0.26 13.51 ± 0.89 40.89 ± 1.56 

25°C W 9.47 ± 0.22 1.41 ± 0.05 18.56 ± 0.82 18.42 ± 1.05  

M 17.40 ± 0.25 4.75 ± 0.11 27.59 ± 1.34 33.92 ± 0.97 

W: M 16.77 ± 0.66 2.22 ± 0.08 32.04 ± 0.45 23.33 ± 0.94  

C: M 21.46 ± 0.34 7.47 ± 0.30 51.29 ± 2.10 51.37 ± 2.06  

Sonication W 16.11 ± 0.34 4.26 ± 0.17 30.16 ± 0.40 20.44 ± 0.77  

M 23.44 ± 0.42 6.83 ± 0.19 65.32 ± 1.81  52.88 ± 1.34  

W: M 22.48 ± 0.84 5.73 ± 0.05 40.97 ± 1.95 27.96 ± 0.72 

C: M 16.40 ± 0.22 3.68 ± 0.20 47.82 ± 2.65 44.07 ± 1.23 
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group of compounds in plants and flavonoids are the largest 

subclass of phenolics (Liu, 2004). These compounds are known 

to possess a strong free radical scavenging property (Abdel-

lateif et al., 2016). Reports are available where it has been 

clearly demonstrated that phenolic compounds present in the 

plant extracts have a major contribution to antioxidant activity 

(Cai et al., 2004; Li et al., 2008; Sun et al., 2002; Zou et al., 

2011). It has also been hypothesized that the phenolics (Yang et 

al., 2001) and flavonoids (Kumar and Pandey, 2013) in 

medicinal plants might prevent cancer through antioxidant 

action and/or by inhibiting the initiation, promotion, and 

progression stages of carcinogenesis.

In the present study, the crude extracts of two medicinal plants 

Bauhinia variegata  Leptadenia reticulata Linn and  (Retz.) 

Wight & Arn prepared by different methods and solvent systems 

have yielded different phenolic contents, flavonoid contents and 

antioxidant potentials. It is well known that various parameters 

influence the extraction yield of phenolics such as polarity of 

solvent used as well as method of extraction (Do et al., 2014). 

Water, methanol, chloroform and aqueous methanol 

combinations have been found to be very effective in extracting 

a wide range of phytochemicals (Peschel et al., 2006; Sultana et 

al., 2009). From the present study, it was observed that methanol 

extracts and water: methanol were found to possess high amount 

of phenolics and flavonoids which was in agreement with 

previously reported studies (Siddhuraju and Becker, 2003; 

Sultana et al., 2009). Similar findings were reported for 

medicinal plant  where methanol extract Nyctanthes arbortristis

showed high phenolic content and strong antioxidant potential 

(Vyas and Braganza, 2018).

For   Linn, the highest total phenolic and Bauhinia variegata

flavonoid content was observed in methanol extracts whereas 

water extract had lowest amount of phenolics. As per the study 

by Badgujar et al., (2017), the phenolic and flavonoid content in 

the methanol extracts of leaves were 112.0 ± 2.43 mg GAE/g and 

20.73 ± 1.43 mg QE/g dry extract. In the same study, the IC  50

value of methanol extract for DPPH radical scavenging activity 

was reported to be 117±3.33µg/ml (Badgujar et al., 2017). This 

is in agreement with our study where methanol extracts were 

found to possess high amount of phenolics and flavonoids as 

well as free radical scavenging property in comparison to 

extracts prepared using other solvents. In this study, for 

methanol extract the phenolic content ranged from 67.85 ± 6.14 

to 54.11 ± 1.97 mg GAE/g and the flavonoids content ranged 

from 52.41 ± 6.62 to 38.50 ± 4.51 mg RE/g dry extracts. In the 

present study, the DPPH radical scavenging activity ranged 

from 50 to 56% for methanol extracts prepared by three 

methods. To the best of our knowledge, the antioxidant capacity 

of water, water: methanol and chloroform: methanol extracts of 

Bauhinia variegata leaf has not been reported.    

For Wight & Arn, the highest total Leptadenia reticulata 

phenolic and flavonoid content was observed in water: 

methanol and chloroform: methanol, respectively, whereas 

water extract had lowest amount of phenolics. In a study by 

Hewageegana et al., (2014), the total phenolic content and 

total flavonoid contents of methanolic extracts were reported  

to be 55.6 ± 0.50 mg GAE/g extract and 22.9 ± 0.80 mg QE/g 

extract respectively. In our study, for methanolic extract the 

phenolic content ranged from 14.39 ± 0.63 to 23.44 ± 0.42 mg 

GAE/g and the flavonoids content ranged from 11.59 ± 2.00 

to 28.24 ± 3.05 mg RE/g dry extracts. The radical scavenging 

activity of methanolic extract was reported to be having IC50 

value 18.56 ± 0. 29µg/mL (Hewageegana et al., 2014). In our 

study, the DPPH scavenging activity of methanol extracts 

prepared by different methods ranged from 30% to 50%. In 

another study, the IC50 value of methanol extracts of L. 

reticulata was reported to be 56.66µg/ml (Sonara et al., 

2013). In a study by (Mohanty et al., 2014), the IC50 value of 

methanol and aqueous extracts of  were reported L. reticulata

to be 510.15µg/mL and 130.92 µg/mL, respectively. To the 

best of our knowledge, the antioxidant capacity of water, 

water: methanol and chloroform: methanol extracts of L. 

reticulata leaf has not been reported. In the study it was 

observed that there are significant differences in the phenolic 

and flavonoid content of the extracts. Similarly, it was also 

noted that the free radical scavenging activity and total 

antioxidant activity varied among all the extracts. These 

differences may be attributed to the fact that different 

solvents and experimental conditions were employed while 

preparing the extracts. 

Conclusion 

In the present study, the total phenolic content, total flavonoid 

content and antioxidant potential of two medicinal plants 

Bauhinia variegata  Leptadenia reticulata Linn and  (Retz.) 

Wight & Arn was estimated. A combination of three treatment 

methods (elevated temperature; 25°C temperature and 

ultrasound waves) and four solvent systems [water, 

methanol, water: methanol (1:1) and chloroform: methanol 

(1:1)] for extraction from plant material yielded a total of 24 

extracts. This approach has helped in selecting effective 

methods and solvent systems for optimal extraction of 

phytochemicals from the plant material. For Bauhinia 

variegata, methanol extract prepared at 25°C showed highest 

phenolic 69.39 ± 1.22 mg GAE/g of dry extract and flavonoid 

content 44.50 ± 1.11 mg RE/g of dry extract. Furthermore, 

same extract exhibited strong free radical scavenging activity 

(57%) and total antioxidant activity (117.35 ± 2.47 mg AAE/g 

of dry extract). For , the water: Leptadenia reticulata

methanol extract prepared at elevated temperature exhibited 

highest phenolic 24.60 ± 0.65 mg GAE/g of dry extract and 
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flavonoid content 6.44 ± 0.21 mg RE/g of dry extract as well as 

free radical scavenging activity (67%). The methanol extract 

prepared by sonication demonstrated highest total antioxidant 

activity (52.88 ± 1.34 mg AAE/g of dry extract). Based on this 

study, it can be concluded that solvent systems and extraction 

conditions play important roles in preparation of crude extracts 

containing phenolic compounds and antioxidant activity. Also, 

both plants possess high amounts of phenolics and strong free 

radical scavenging activity. This suggests that these plants might 

have potential application as antioxidant agents.    

Acknowledgments

This work was made possible and supported by internal grants of 
the Xavier Research Foundation. The author also thanks the 
Foundation for the fellowship awarded to her during the tenure of 
this study.

Conflict of interest 

There are no conflicts to declare.

References

Abdel-lateif KS, Maghrabi AI, Eldeab HA. 2016. The plant 
natural products: their antioxidants, free radical scavengers, 
DNA protection and antimicrobial activities. Journal of 
Bioprocessing & Biotechniques, 6 (9): 1–7.

Agrawal RC, Pandey S. 2009. Evaluation of anticarcinogenic 
and antimutagenic potential of  extract in bauhinia variegata
swiss albino mice. Asian Pacific Journal of Cancer 
Prevention, 10: 913–16.

Alam N, Bristi JN, Md. Rafiquzzaman. 2013. Review on  in vivo
and   methods evaluation of antioxidant activity. Saudi in vitro
Pharmaceutical Journal, 21: 143-152

Amarowicz R, Pegg RB, Rahimi-Moghaddam P, Barl B, Weil 
JA. 2004. Free-radical scavenging capacity and antioxidant 
activity of selected plant species from the canadian prairies. 
Food Chemistry, 84: 551–62. 

Azmir J, Zaidul I, Rahman M, Sharif K, Mohamed A, Sahena F, 
Jahurul M, Ghafoor K, Norulaini N, Omar A. 2013. 
Techniques for extraction of bioactive compounds from plant 
materials: a review. Journal of Food Engineering, 117: 
426–36. 

Azwanida NN. 2015. A review on the extraction methods use in 
medicinal plants, principle, strength and limitation. 
Medicinal & Aromatic Plants, 4 (3):1-6. 

Badgujar N, Mistry K, Chudasama P, Patel J. 2017.  In vitro
antioxidant and cytotoxic effects of methanol extracts of 
Vitex negundo, Lantana camara, Bauhinia variegata  and
Bauhinia racemosa on human cancer cell lines. Indian 
Journal of Pharmaceutical Sciences, 79 (3): 431–37.

Blois M. 1958. Antioxidant determinations by the use of a stable 
free radical. Nature, 181:1199-2000. 

Brewer MS. 2011. Natural antioxidants: sources, 
compounds, mechanisms of action, and potential 
applications. Comprehensive Reviews in Food Science 
and Food Safety, 10: 221–47.

Cai Y, Luo Q, Sun M, Corke H. 2004. Antioxidant activity 
and phenolic compounds of 112 traditional chinese 
medicinal plants associated with anticancer. Life 
Sciences, 74 (17): 2157–84. 

Daniel M. 1991. Methods of extraction and chracterisation. In: 
Daniel, M (Ed), Methods in plant chemistry and economic 
botany, pp. 1–22, Kalyani Publishers, New Delhi.

Do Q, Angkawijaya A, Tran-Nguyen P, Huynh L, 
Soetaredjo F, Ismadji S, Ju Y. 2014. Effect of extraction 
solvent on total phenol content, total flavonoid content, 
and antioxidant activity of . Limnophila aromatica
Journal of Food and Drug Analysis, 22 (3): 296–302. 

Doughari J. 2012. Phytochemicals: Extraction Methods, 
Basic Structures and Mode of Action as Potential 
Chemotherapeutic Agents. In Rao V (Ed) , 
Phytochemicals - A Global Perspective of Their Role in 
Nutrition and Health, pp. 1–33. 

Hewageegana S, Arawwawala M, Dhammaratana I, 
Ariyawansa H, Tissera A. 2014. Proximate analysis and 
standardization of leaves:  (Retz) Leptadenia reticulata
Wight and Arn. (Jeevanti). World Journal of 
Pharmaceutical Research, 3 (10): 1603–12.

Kalidass C, Glory M, Borgio F, Manickam VS. 2009. 
Antibacterial activity of  (Retz.) Leptadenia reticulata
Wight. & Arn. (Asclepidaceae). Ancient Science of 
Life, 28 (4): 10–12. 

Kedare S, Singh RP. 2011. Genesis and development of 
DPPH method of antioxidant assay. Journal of Food 
Science and Technology, 48 (4): 412–22. 

Kumar S, Pandey A. 2013. Chemistry and Biological 
Activities of Flavonoidsௗ: An Overview. 2013: 1-16.

Li H, Wong C, Cheng K, Chen F. 2008. Antioxidant 
properties  and total phenolic contents in in vitro
methanol extracts from medicinal plants. LWT - Food 
Science and Technology, 41 (3): 385–90. 

Liu R. 2004. Potential synergy of phytochemicals in cancer 
prevention: mechanism of action. The Journal of 
Nutrition, 134 (12 Suppl): 3479S–3485S. 

Lobo V, Patil A, Phatak A, Chandra N. 2010. Free radicals, 
antioxidants and functional foods: impact on human 
health. Pharmacognosy Reviews, 4 (8): 118–26. 

Mishra A, Sharma A, Kumar S, Saxena A, Pandey A. 2013. 
Bauhinia variegata leaf extracts exhibit considerable 
antibacterial, antioxidant, and anticancer activities. 
BioMed Research International. 2013: 1-10.

www.ajpp.in

Asian Journal of Pharmacy and Pharmacology 2019; 5(4):834-840                                              839



Mishra MK, Tiwari P, Dash DK, Jadon R, Ghosh G, Barik BB. 2010. 
Antifungal activity of  wight and arn. aerial Leptadenia reticulata
parts. International Journal of Phytomedicine, 2: 172–76.

Mohanty S, Malappa K, Godavarthi A, Subbanarasiman B, 
Maniyam A. 2014. Evaluation of antioxidant,  in vitro
cytotoxicity of micropropagated and naturally grown plants 
of  (Retz.) Wight & Arn.-an Leptadenia reticulata
endangered medicinal plant. Asian Pacific Journal of 
Tropical Medicine, 7: S267–71. 

Mohanty S, Mallappa K, Middha S, Prakash L, 
Subbanarashiman B, Maniyam A. 2015. Analgesic, anti- 
inf lammatory,  anti -  lipoxygenase act ivi ty  and 
characterization of three bioactive compounds in the most 
active fraction of  (Retz.) Wight & Leptadenia reticulata
Arn.- a valuable medicinal plant. Iranian Journal of 
Pharmaceutical Research, 14 (3): 933–42.

Pandey A, Tripathi S. 2014. Concept of standardization, 
extraction and pre phytochemical screening strategies for 
herbal drug. Journal of Pharmacognosy and Phytochemistry, 
2 (5): 115–19. 

Peschel W, Sánchez-Rabaneda F, Diekmann W, Plescher A, 
Gartzía I, Jiménez D, Lamuela-Raventós R, Buxaderas S, 
Codina C. 2006. An industrial approach in the search of 
natural antioxidants from vegetable and fruit wastes. Food 
Chemistry, 97 (1): 137–50. 

Pisoschi A, Negulescu G. 2011. Methods for total antioxidant 
activity determinationௗ: A review. Biochemistry and 
Analytical Biochemistry, 1 (1): 1–10. 

Prieto P, Pineda M, Aguilar M. 1999. Spectrophotometric quantitation 
of antioxidant capacity through the formation of a 
phosphomolybdenum complex: specific application to the 
determination of vitamin E. Analytical Biochemistry, 269: 337–41.

Rajkapoor B, Jayakar B, Murugesh N, Sakthisekaran D. 2006. 
Chemoprevention and cytotoxic effect of Bauhinia 
variegata against n-nitrosodiethylamine induced liver 
tumors and human cancer cell lines. Journal of 
Ethnopharmacology, 104: 407–9. 

Rajkapoor B, Jayakar B, Murugesh N. 2003. Antitumour activity 
of  on Dalton's Ascitic Lymphoma. Bauhinia variegata
Journal of Ethnopharmacology, 89: 107–9. 

Romanik G, Gilgenast E, Przyjazny A, Kamiński M. 2007. 
Techniques of preparing plant material for chromatographic 
separation and analysis. Journal of Biochemical and 
Biophysical Methods, 70: 253–61. 

Sasidharan S, Chen Y, Saravanan D, Sundram KM, Latha L. 2011. 
Extraction, isolation and characterization of bioactive 
compounds from plants' extracts. African Journal of Traditional, 
Complementary and Alternative Medicines, 8 (1): 1–10.

Sathiyanarayanan L, Arulmozhi S, Chidambaranathan N. 2007. 
Anticarcinogenic activity of  against Leptadenia reticulata

Dalton's Ascitic Lymphoma. Iranian Journal of 
Pharmacology and Therapeutics, 6 (2): 133–35.

Seifu D, Assefa F, Abay S. 2012. Medicinal plants as 
antioxidant agents: understanding their mechanism of 
action and therapeutic efficacy. In: Capasso, A, 
Medicinal plants as antioxidant agents: understanding 
their mechanism of action and therapeutic efficacy, pp. 
97-145, Research Signpost, Kerala, India.

Siddhuraju P, Becker K. 2003. Antioxidant properties of 
various solvent extracts of total phenolic constituents 
from three different agroclimatic origins of drumstick 
tree (  Lam.) leaves. Journal of Moringa oleifera
Agricultural and Food Chemistry, 57: 2144–55.

Sonara GB, Saralaya MG, Gheewala NK. 2013. 
Phytochemical evaluation of aerial part of Leptadenia 
reticulata (Retz) for polyphenolic compound and free 
radical scavenging activity. Pharma Science Monitor, 4 
(1): 3418–28.

Stalikas CD. 2007. Extraction, separation, and detection 
methods for phenolic acids and flavonoids. Journal of 
Separation Science, 30: 3268–95. 

Sultana B, Anwar F, Ashraf M. 2009. Effect of extraction 
solvent/technique on the antioxidant activity of selected 
medicinal plant extracts. Molecules, 14: 2167–80. 

Sun J, Chu Y, Wu X, Liu R. 2002. Antioxidant and 
antiproliferative activities of common fruits. Journal of 
Agricultural and Food Chemistry, 50: 7449–54. 

Szymanska R, Pospisil P, Kruk J. 2016. Plant-derived 
antioxidants in disease prevention. Oxidative Medicine 
and Cellular Longevity, 2–4.

Thomas H, Gadgil P, Tilley M. 2012. High-throughput micro 
plate assays for screening flavonoid content and DPPH 
scavenging activity in sorghum bran and flour. Journal of 
the Science of Food and Agriculture, 92 (11): 2326–31. 

Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. 2011. 
Phytochemical screening and extraction - a review. 
Internationale Pharmaceutica Sciencia, 1 (1): 98–106. 

Vyas P, Braganza V. 2018. A preliminary study on the 
antiproliferative activity of  leaf Nyctanthes arbortristis
extracts using fission yeast as a model. International 
Journal of Current Advanced Research, 7 (3(J)): 
11096–101.

Yang C, Landau J, Huang M, Newmark H. 2001. Inhibition 
of carcinogenesis by dietary polyphenolic compounds. 
Annual Review of Nutrition, 21: 381–406.

Zou Y, Chang S, Gu Y, Qian S. 2011. Antioxidant activity and 
phenolic compositions of lentil (  Var. Lens culinaris
Morton) extract and its fractions. Journal of Agricultural 
and Food Chemistry, 59 (6): 2268–76.

www.ajpp.in

Asian Journal of Pharmacy and Pharmacology 2019; 5(4):834-840                                              840


