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an antipyretic [8]. Schmidt et al [15], reported that this plant 
possessed anti-inflammatory, cytotoxic and apoptotic activities and 
also has very low antioxidant activity [16]. 
In accordance with the worldwide trend, the current study was 
undertaken to screen the phytoconstituents and its antioxidant and 
cytotoxic potential of leaf and stem extracts of I. herbstii . 

Materials and Methods 

Chemicals 

All solvents ethanol, acetone, dichloromethane and petroleum 
ether were purchased from Merck, India. All chemicals used in the 
study were of analytical grade. 

Collection and processing of plant samples 

Healthy, disease free leaf and stem of I. herbstii were collected 
during the month of May 2010 in and around the villages of 
Bankura district of West Bengal, India. The plant was identified and 
authenticated with complete herbarium by Dr. Sasi, Department of 
Botany, PSGR Krishnammal College for Women, Coimbatore, 
South India. The collected leaf and stem were washed properly in 
the tap water followed by detergent and finally rinsed with distilled 
water until no foreign material remained (damaged leaves were 
removed). The fresh plant materials were left to dry in a closed 
room (25-28ÀC) for approximately ten days. The dried plant parts 
were pulverized, using sterile electrical blender to obtain powder. 
The powdered samples were stored in air tight container, protected 
from sunlight for further use. 

Extract Preparation 

Twenty five grams of powdered plant materials were continuously 
extracted with different solvents like ethanol, acetone, 
dichloromethane and petroleum ether for successive solvent 
extraction based on polarity using soxhlet extraction apparatus at 
the boiling point of the respective solvents for 12-16 h or until the 
colour of the extracted solvent became clear. Different extracts 
were concentrated under reduced pressure using rotary evaporator 
and they were poured into pre-weighed vial, further dried in a 
desiccating chamber until a constant dry weight was obtained. The 
residues were stored at 4 C for further studies. 

Phytochemical Analysis  

Gas Chromatography Mass Spectroscopy (GCMS) 
Among the extracts, only ethanolic extract of leaf was selected to 
identify the phytochemicals using GCMS at South Indian Textile 
Research Association (SITRA), Coimbatore, South India by 
Thermo GC - Trace Ultra Version: 5.0, Thermo MS DSQ II 
equipment in TR 5 - Ms Capillary Standard Non - Polar Column 
(Dimension: 30 m, ID: 0.25 mm, Film: 0.25 øm). The chromatogram 
obtained from the GC was then analysed in the mass spectroscopy 

(MS) to get the mass of all the fractions. The identification of 
components was accomplished searching plant compound library. 

Fourier Transform Infrared Spectroscopy (FTIR) analysis 

The FTIR analysis of ethanolic leaf extract of I. herbstii using FTIR 
Shimadzu--8400S was carried out at PSG College of Arts and 
Science, Coimbatore, South India using KBR pellet. The FTIR was 
recorded in the range of 400 to 4000 cm-1. The various modes of 
vibrations were identified and assigned to know the different 
functional groups present in the extract.  
In vitro Antioxidant Assays 
 
Determination of Total Phenolic Content (TPC) 

The total phenolic content was determined by the Folin-Ciocalteau 
method [17]. 0.5ml of extract was mixed with Folin-Ciocalteau 
reagent (5 ml, 1:10 diluted with distilled water) for 5 mins and then 
aqueous Na2CO3 (4 ml, 1 M) was added. The mixture was allowed 
to stand for 15 mins and the phenols were determined by 
spectrophotometric method at 765 nm. The standard curve was 
prepared by 0, 50, 100, 150, 200, and 250 μg/ml solutions of Gallic 
acid in 50% methanol. The total phenolic content was expressed 
as Gallic acid (GA) equivalent (mg GA /g dry weight). 

DPPH Free Radical Scavenging Assay  

The DPPH free radical scavenging assay was carried out by the 
method of Chang et al [18]. 1ml of 0.1mM DPPH (in ethanol) was 
added to different concentrations of plant extracts. The reaction 
mixture was well shaken and incubated in dark for 30 mins. 
Absorbance was checked at 517 nm against a blank (ethanol). 
Ascorbic acid was taken as the standard. Lower the absorbance of 
the reaction mixture indicates higher percentage of scavenging 
activity. The percentage of inhibition or scavenging of free radicals 
was determined by the formula  
% Inhibition = [(Control OD  Sample OD)/ Control OD] 100, 
where control was prepared as above without extract.  

Reducing Power Assay  

The Fe3+ reducing power assay was determined by the method of 
Makari et al [19]. Different concentrations of the extracts (0.5 ml) 
were mixed with 2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 
ml potassium ferricyanide (0.1%). The mixture was incubated at 
50  C for 20 mins. After incubation, 2.5 ml of trichloroacetic acid 
(10%) was added to terminate the reaction, which was then 
centrifuged at 3000 rpm for 10 mins. Finally, 2.5 ml of the 
supernatant solution was mixed with 2.5 ml of distilled water and 
0.5 ml FeCl3 (0.01%) and absorbance measured at 700nm in UV-
Visible Spectrophotometer. Ascorbic acid was used as standard 
and phosphate buffer used as blank solution. Increased 
absorbance of the reaction mixture indicates stronger reducing 
power. 
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Total Antioxidant Capacity 

The total antioxidant capacity was assayed following the method of 
Preito et al [20].0.1 ml of different concentrations of plant extracts 
were mixed with 1 ml of reagent solution (0.6M sulfuric acid, 28mM 
sodium phosphate and 4mM ammonium molybdate; mixed in 1:1:1 
ratio) respectively. The tubes were capped and incubated in a 
thermal block at 95 C for 90 mins. After cooling to room 
temperature, the absorbance of the aqueous solution of each was 
measured at 695 nm against a blank. Ascorbic acid was used as 
the standard and the total antioxidant capacity was expressed as 
equivalents of ascorbic acid.  

Statistical Analysis  

All the grouped data were statistically evaluated by using studentÊs 
ÂtÊ test with SPSS/16 software. Values are presented as the mean μ 
S.D. of each three replicates in each experiment. 

Cytotoxicity 

Cell line and condition 

HeLa cervical cancer cell line was obtained from NCCS (National 
Centre for Cell Sciences), Pune, India. Cells were cultured in Eagle 
essential medium and supplemented with 10% foetal bovine serum 
from Hi-Media and 20 μg/ml gentamicin procured from Nicholas 
Piramal, India Ltd. Routinely, the cells were maintained under 97% 
humidity in a biological incubator at 37 C with 5% CO2. All cell 
culture procedures were carried out in a laminar flow cabinet 
containing a UV light. Once the 80% confluence was reached, the 
cells were ready for assay. Cell numbers were determined by 
counting with the haemocytometer and the viability was assessed 
using trypan blue dye exclusion. 

Cell Viability using Trypan Blue Dye Exclusion Assay 

The cell numbers were adjusted to 1 106 cells per ml by diluting 
with PBS. Sterile test tubes containing varying concentrations of 
plant extract (0.8ml) in PBS were treated with 1x106 cells/ ml 
(0.1ml). The seeded test tubes were incubated in the biological 
incubator at 37 C with 5% CO2 and 97% humidity for three hours. 
On termination, 0.1 ml of 0.4% trypan blue: deionised water (1:1) 
was added to the test as well as to control tubes in order to 
estimate the dead HeLa. The cell viability was estimated using a 
haemocytometer; dead cells appear stained blue, while live cells 
are unstained (translucent). Cell mortality was expressed as the 
percentage of trypan blue positive cells compared to the total 
number of cells. The percentage viability was determined using the 
formula below-  
 

Number of dead cells (stained cells) 
% Cell mortality =                              x 100  

Total number of cells (stained and unstained cells) 
 

Results and Discussion 

Phytochemical Analysis of Ethanolic leaf extract by 
GCMS  

Ethanolic leaf extract of I. herbstii was subjected to GCMS analysis 
(figure 1) as it can extract most of the phytochemicals than other 
solvents due to its higher polarity. The probable compounds 
present in the leaf extracts identified from plant compound library 
with respect to mass and retention time of each fraction, are 
presented in table 1. GC MS method used for the analysis of the 
obtained extracts can be an interesting tool for testing the amount 
of some active principles in herbs used in cosmetic, drugs, 
pharmaceutical or food industry. It is evident from the table that the 
ethanolic leaf extract have a complex chemical composition. Some 
of the GC-MS peaks were not identified because of lack of 
authentic library data to corresponding compounds. A general 
observation is that the quantity of the aromatic compounds is more 
than that of aliphatic compounds in leaf extract. The identified 
compounds are mainly phenolic and flavonoids. Among the 
compounds 2-(2-Bromophenyoxy)-1-phenylethan-1-one, 5-cyno-4-
methylthio-2,6-diphenylpyrimidine, 2,2-dimethyl-1-phenyl-1-
nitropropane, 1-benzoyl-2-phenyl-3-(p-fluorophenyl) cyclopropane, 
7(3,5-dimethyloxyphenyl)-1-heptanol and Trans-1-phenylthio-4-
oxadodec-1-ene are identified as phenolic and flavonoids 
compounds or its derivatives. Methyl ester of undecane-5-methyl 
and pentadecanoic acid can be generated via-genetically from the 
phytol side chain of chlorophyll and may also derive from the side 
chain of tocopherols. 3-chloro methyl furan is a modified 
hydrocarbon with a hetocyclic nucleus of the furan type which can 
act as an inhibitor of the quorum sensing in bacteria [21]. 
Flavonoids and phenolic compounds have been reported to have 
useful properties including anti-inflammatory, enzyme inhibition, 
antioxidant and anticancer activity [22]. In plants, these secondary 
metabolites function to attract beneficial and repel harmful 
organisms, serve as phyto-protectants and respond to 
environmental changes. However, in humans, the compounds 
have beneficial effects including anti-inflammatory, modulation of 
detoxification enzymes, stimulation of the immune system, 
modulation of steroid metabolism, antioxidant as well as anticancer 
effects [23]. They were identified and reported in this plant material 
for the first time. 
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  Table 1List of probable phytochemical constituents identified by GCMS spectra 

 

Probable compound name Molecular 
Formula 

M .W. Retention time
(min) 

Area % Probable compound structure

n-Octylethynyl ether C10H18O 154 15.24 10.54
O

2-(2-Bromophenyoxy)-1-
phenylethan-1-one  

C14H11BrO2 290 15.76 3.59 O

O

Br

3-Chloro methyl furan C5H5ClO 116 16.45 6.10

O

Cl

Undecane,5-methyl C12H26 170 17.23 7.15

 

1-benzoyl-2-phenyl-3-(p-
fluorophenyl) cyclopropane 

C22H17FO 316 17.53 5.32

F

O

 
7(3,5-dimethyloxyphenyl)-1-
heptanol 

C15H24O8 252 18.25 14.64

HO

O

O

Trans -1-phenylthio-4-
oxadodec-1-ene 

C17H26OS 278 19.45 7.46
OS  

2,2-dimethyl-1-phenyl-1-
nitropropane 

C11H15NO2 193 20.18 5.22
N

+

O O
-

5-cyno-4-methylthio-2,6-
diphenylpyrimidine 

C18H13N3S 303 23.35 6.17

N

N

S

N

 
Pentadecanoic acid, methyl 
ester 

C16H32O2 256 22.04 4.92 O

O
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Conclusions 

Traditional uses of this plant are to cure diseases like skin 
disorders, diarrhoea, jaundice, fever, abdominal pain, skin burns, 
menstrual problems, urinary problems, sores, wounds, to expel 
intestinal worms and so on. According to the percentage of area in 
GCMS spectra with a high complex profile, approximately 10 major 
phytocomponents were dominant which possessed multiple 
pharmacological activities. 
In the current study, among the extracts, IHLA showed high 
phenolic content as well as highest percentage of inhibition in 
DPPH scavenging activity and the antioxidant activity of different 
extracts varied with the different assays. Because of the complexity 
of the phyto-antioxidant and their mode of actions, no single test 
can provide detail picture of the antioxidant profile of a studied 
samples and a combination of different methods is necessary. 
Ethanolic extract of leaf possessed cytotoxic activity against HeLa 

cervical cancer cell line and this would lead to undertake further 
study to reveal actual anticancer property of I. herbstii in vitro as 
well as in vivo and to identify the active compounds responsible for 
the plant biological activity.  
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