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ABSTRACT
Cardiospermum halicacabum is a highly medicinal value plant used in the traditional medicine for long time and 
well known for anti-inflammatory activity, widely known as weed in all over India and used to treat rheumatism, 
nervous diseases, demulcent in orchitis and in dropsy. It exhibits significant analgesic, anti-inflammatory and anti-
vasodepressant activity, which is transient in nature. The present study was extracted the sample by polar solvent 
(ethanol), analyzed for phytochemical screening. The anti-inflammatory activity the sample was studied in HRBC 
(Human red blood cell stabilization) assay.The DNA of the Cardiospermum halicacabum was isolated and both quality 
and quantity of the DNA was checked. The isolated DNA was amplified in PCR by using the gene trnH-psbA and 
the DNA was sequenced. Phylogenetic tree for Cardiospermum halicacabum was constructed and the DNA barcode 
was generated.
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INTRODUCTION

DNA barcoding

The purpose of sequencing a DNA to know the base pair variations 
and deposited in the barcode database and it is termed as DNA 
barcodes. The DNA barcoding is a technique for identification 
of species without their morphological characters. The genetic 
codes are accessed in the library to identify the unknown species 
in the world. The barcoding of a DNA is normally a uniform short 
sequence of DNA the base pairs are up to 400-800 and it was 
generated to characterize the living organism [1]. The barcoding 
was first emerged to describe the microorganism. The information 
of the DNA barcoding takes the information of one or few regions 
to recognize the genome of the species in a genus [2]. The term 
DNA barcoding is defined as the distribution of inter-specific 
variation and intra-specific variation [3]. The barcoding of DNA is 
necessary for the identification of species [3] and discovery of new 
species [4].

Barcoding system

The molecular identification system was started during the year of 
1990 by PCR method for identification of species. The barcoding 
system is a diagnostic tool based on their taxonomic data known 
as DNA barcode reference library. The data system resembles the 
information of achievement, storage, analysis and publication of 
barcode records. The DNA barcode of life data system was initiated 

in 2004 and established in 2007 [5]. The barcoded DNA used in 
the reference library for rapid identification of low taxonomy level 
taxa with specific short DNA sequence. By using the barcoding 
system, the pathogens and the species were identified in the fields 
of medicine and bio-industries. 

Plant DNA barcoding

The Plant DNA barcoding plays a major role especially in 
identification of rare species. In the early stages of barcoding plant 
has not given much importance due to the inability of cytochrome 
oxidase (COX1) to work as barcode [6]. The universal barcode of 
plants are have not been found [7] due to lack of consensus region 
in the plant. The barcoded DNA data were available in the barcode 
libraries; it helps in knowing the complete database of DNA 
barcoding [8]. They require standard PCR primers per gene and 
it helps as a barcode marker in the taxa. The combination DNA 
regions is proposed and initiated to facilitate biodiversity studies 
[7,9,10]. The non-coding intergenic spacers like trnH-psbA [7,9,10] 
and plastidial coding sequence mat k gene [9]. And the chloroplast 
trnl (UAA) intron (10-143bp) relatively could be improved with 
highly conserved primers. The gene sequence of coding regions is 
matk, rbcl and rpoc and non-coding region ITS and psbA-trnH 
[11].

PsbA-trnH (D1 protein of photosystem)

The non-coding regions are coded by psbA-trnH intergenic spacer. 
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The function of the non-coding regions was unknown, it causes 
mutation and not restrained by selection [12,13]. The structure of 
psbA-trnH has a small spacer region consist of 200 bp-500 bp in 
angiosperms and gymnosperm species. They were amplified by the 
universal primers and developed [14]. The psbA-trnH intergenic 
region differs in their evolutionary conversation: 

• The psbA 3’UTR is responsible for the regulation of gene 
expression.

• The psbA-trnH is the non-transcribed intergenic spacer has no 
function but shows variability across angiosperms.

• The psbA gene codes the D1 reaction center protein. The 
expression of the gene depends on light intensity, the development 
stage and physiological state of the plant [15].

The trnH-psbA is ubiquitous, high intra-specific sequence 
divergence and universal flanking primers allows easy amplification 
and sequence in both high molecular weight and effective in 
degrading the DNA [7,9,16,17]. But the trnH-psbA does not shows 
the continuous amplification or multiple bands [19] and irregular 
longer [17,18]. The trnH-psbA has shown less variation among 
closely related species [19] intra-specific variation is high [20].

Cardiospermum halicacabum
Plants are not only the source of food, fiber also rich in their 
medicinal value. The plant products are biologically important and 
less toxic than synthetic products. Cardiospermum halicacabum is an 
ornamental and medicinal plant. The name Cardiospermum is the 
combination of the latin words cardio- heart and sperma-white-heart 
shaped seed, commonly known as heart pea, love puff, cultivated in 
tropical and subtropical regions belongs to the family sapindaceae 
includes 142 genera and 1900 species. It is a deciduous climbing 
shrub grows about 3 m tall and branched fromthe base, climbs 
from the tendril in the length of 1.5 m-2 m in length. The stems 
are with 5-longitudinal ribs. The alternate, biternate leaves are of 4 
cm-12 cm long and finely hairy to almost hairless young stem. The 
flowers are zygomorphic, in axillary racemiform thyrses, shorter 
than accompanying leaf. They are 3 mm-4 mm long and papery 
capsules (1 cm-3 cm long) are also relatively small, nectar glands 
4, ovoid 0.4 mm long. The seeds of the plant contain 33% fatty 
acids there are 55% cyanolipids [31]. The secondary metabolite of 
C.halicacabum has the anti-filarial, anticancer, anti-diarrheal, anti-
ulcer, anti-convulsant, anti-pyretic activities. The main objectives 
of the study: To extract the bio-constituents from the plant sample 
Cardiospermum halicacabum using the polar solvent, analyze both 
quantitative and qualitatively, anti-inflammatory activity in HRBC 
assay, isolated the DNA to generate a barcode constructed a 
phylogenetic tree.

MATERIALS AND METHODS

Powdered sample (Cardiospermum halicacabum), ethanol solvent, 
mortar and pestle, phytochemical reagents, sterile distilled water, 
agarose and trnH- PSBA primer.

Extraction of sample

The fresh Cardiospermum halicacabum was collected from southern 
region (Chennai) of Tamilnadu. With sterile distilled water; shade 
dried for 3 weeks to get rid of the moisture content and powdered. 
The powdered samples were extracted using polar solvent (ethanol). 
The solvent is added to the sample in the ratio of 1:3. The extracted 
sample was incubated at room temperature for twenty-four hours. 

The solvent was evaporated using hot plate at 90°C.

Phytochemical analysis

The test was done for carbohydrates, tannins, saponins, flavonoids, 
alkaloids, quinones, glycosides, cardiac glycosides, terpenoids, 
phenols, coumarins, steroids, phytosteroids, phlobatannins, 
anthraquinones [25-30].

Anti-Inflammatory potential (HRBC stabilization assay)

The in vitro anti-inflammatory analysis by HRBC membrane 
stabilization method [22] was studied in the extracted sample.

Hypotonicity induced human red blood cell (HRBC) 
membrane stabilization by HRBC assay

1mg of extract were taken at different concentrations and mixed 
with 0.2 M phosphate buffer, 0.5 ml of HRBC suspension, 0.5 
ml of 0.25% hyposaline was added. The extract was incubated at 
37°C for half-hour and centrifuged at 3000 rpm for 20 minutes. 
The presence of hemoglobin content is estimated at 560 nm in 
spectrophotometer [23]. The proportion of HRBC hemolysis and 
membrane stabilization was calculated by the formula.

Isolation of DNA

The DNA of the sample was isolated by using CTAB buffer [24]. The 
isolated DNA were subjected to both qualitative and quantitatively.

Qualitative analysis of genomic DNA

 Agarose gel electrophoresis: For the bulk of DNA samples, 
electrophoretic separation was dispensed in agarose gels. This is 
often DNA molecules and their fragments are considerably larger 
than proteins. Under an electrical field, any given fragment of 
DNA should move towards the anode with the identical mobility. 
Thus, the largest molecules will have difficulty in moving, whereas 
the smallest molecules are relatively unhindered. Consequently, 
the mobility of DNA molecules during gel electrophoresis will rely 
on size. 

Quantitative determination of dna by spectrophotometric 
method

Proteins are usually the foremost contaminants in nucleic acids 
extract and these have absorption maximum at 280 nm. The ratio 
of absorbance at 260 nm and 280 nm hence provides a transparent 
idea about the extent of contamination within the preparation. 
5 µl of the sample were taken in a quartz cuvette and made up 
to 3 ml with TE buffer. The TE buffer was taken as blank. The 
sample absorbance was measured at 260 nm and 280 nm. The 
concentration of the sample was calculated using the given formula.

Concentration of dsDNA A
260

 × 50 µg × dilution factor

Purity of the DNA

A
260

: A
28

0 ratio=A
260

/A
280

=1.8: Pure DNA

=1.7–1.9 moderately pure DNA

=less than 1.8; presence of proteins.
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=greater than 1.8; presence of organic solvent  

Polymerase Chain Reaction (PCR)

PCR is an in vitro method of enzymatic synthesis of specific DNA 
sequence developed by Kary Muller in 1988. It is a very simple and 
inexpensive technology for characterizing, analysing, synthesizing, 
a selected DNA or RNA from virtually, any living organism, 
plant, animal, virus or bacteria. It exploits the natural function of 
polymerase present in all living things to copy genetic material or 
to perform molecular photocopy (Tables 1 and 2). 

Table 1: Primer details.

Primer details

trnH-psbA F ACTGCCTTGATCCACTTGGC

trnH-psbA R CGAAGCTCCATCTACAAATGG

Table 2: Concentration of sample in PCR.

Componets
Stock 

concentraton
Final 

concentration
Volume for 20 

µl set up

Milli Q water - - 10.8 µl

dNTP mix 2 Mm 0.2 mM 2 µl

Taq buffer 10 X 1 X 2 µl

Mgcl
2

25 Mm 1 mM 0.8 µl

Forward primer 10 µM 10 µM 2 µl

Reverse primer 10 µM 1 µM 2 µl

DNA Template Crude - 1 µl

Taq DNA 
polymerase

10 U/µl 1 U 0.2 µl

The total volume of the reaction is 20 µl. Reaction condition was 
altered between 1.5 mM MgCl

2
 and 1 mM MgCl

2
. The entire 

reaction setup was taken out at 4°C. PCR products (20 µl) were 
mixed with 5 µl of gel loading dye (Bromophenol dye) in 1.5% 
Agarose gel containing ethidium bromide together with 5 µl of 
DNA ladder. The electrophoretic separation was performed at 
100 V for half-hour. The resulting DNA fragments were visualized 
using an Ultraviolet transilluminator.

• Sequencing: It had been done by applied biosystem 3500 genetic 
analyzer using Sanger sequencing.

• Phylogenetic tree: Phylogenetic tree was constructed using 
maximum likelihood method in MEGAX. Phylogenetic tree is a 
graphical representation of the evolutionary relationship among 
three or more gene or organism. 

• MEGAX: MegaX performs tree inference using the MegaX 
program and therefore the computer file should be ‘meg’ format. 
The file contains the sequence of DNA in mega format. Using 
MegaX it’s possible to estimate a maximum likelihood tree and 
perform the bootstrap test in an automatic. The program will 
display the tree in a new window and superimpose bootstrap 
support values along each branch of the tree.

Barcode generation

The barcode is employed to identify the plant species and 
adulteration of gene. The invention of species till now depends on 
the morphological information provided by the taxonomists. The 
DNA barcode of life is to develop an even, rapid and inexpensive 
species identification method. It may be accessible to non-specialists 
around the world. The barcode of C.halicacabum is generated by 
uploading the FASTA sequence oftrnH-psbA within the Bioradar.

RESULTS AND DISCUSSION

The leaves of Cardiospermum halicacabum have a lot therapeutic 
potential like anti-inflammatory antioxidant anti-fungal etc., the 
leaf juice was used to treat earache, the vapor of the crushed leaves 
was inhaled to alleviate headache. The process of barcoding is to 
identify the adulteration and to analyze the anti-inflammatory 
potential of the sample in membrane stabilization assay.

Extraction and phytochemical analysis of C. halicacabum

C. halicacabum were extracted in the solvent ethanol. After 
extraction, the crude sample was analyzed for phytochemical 
screening of the bioactive compounds (Figure 1). The phytochemical 
analysis was tabulated in the following (Table 3). 

Table 3: Phytochemical screening of the C. halicacabum.

S.No.   Phytochemical test Results

1 Carbohydrate +

2 Tannin +

3 Flavonoid +

4 Alkaloid +

5 Quinone +

6 Terpenoids +

7 Phenols +

8 Coumarins +

9
Steroids and 
Phytosteroids

+

The ethanolic extract showed the presence of carbohydrates, tannin, 
flavonoid, alkaloid, quinone, terpenoids, phenols, coumarins, 
steroidand Phyto steroids. The absence of Pholobotannins, 
anthraquinones, saponins, glycoside, and cardiac glycoside was 
observed (Figure 2).

Figure 1: Crude extract.

Figure 2: Qualitative analysis.
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A) carbohydrate, B) tannin, C) saponin, D) flavonoid, E) alkaloid, 
F) quinone, F) glycosides, G) cardiac glycosides, H) terpenoids, 
I) phenol, J) coumarins test, K) steroids, L) phytosteroids, M) 
phlobotannins test and N) anthraquinones test

HRBC stabilization assay: The ethanolic extract of C. halicacabum 
is analyzed the property of anti- inflammatory property is analyzed 
by HRBC assay, the absorbance value was calculated at 560 nm and 
therefore the percentage of hemolysis were tabulated in Table 4. 
The property of the substance utilized in the treatment of swelling, 
analgesics, anti-inflammatory drugs (Table 5) (Figure 3).

Table 4: Absorbance of assorted concentration of sample.

S.No.
Concentration 

(µg/ml)

Volume to 
be taken 

(ml)

Volume 
of PO4 

buffer (ml)

HRBC 
Suspension

Absorbance 
(560 nm)

1 200 0.1 1 0.5 0.0333

2 400 0.2 1 0.5 0.0310

3 600 0.3 1 0.5 0.0215

4 800 0.4 1 0.5 0.0213

5 1000 0.5 1 0.5 0.0129

1 ml (ethanol) - 1 0.5 0.0129

Table 5: Percentage of membrane stabilization.

S.No.
Concentration 
of sample (µg/

ml)

% Membrane 
Stabilization

Positive control

1 200 82 85

2 400 83.25 90

3 600 88.3 92

4 800 88.5 96

5 1000 93.03 98

Calculation:

Agarose gel electrophoresis

The isolated DNA were checked qualitatively by agarose gel 
electrophoresis method the 1 kb ladder was employed as marker 
as shown in Figure 4. L-1 kb ladder genomic DNA, Sample (1-4) 
various concentration of plant DNA.

Quantification of DNA by spectrophotometric method

The isolated DNA was quantified by spectrophotometer at two 
different wavelengths 260 nm and 280 nm. A

260
/A

280
 ratio gives 

purity of the DNA as proteins absorb at 280 nm because of tyrosine 
and tryptophan residues. The ratios were in the range of 1.83 which 
indicated a pure DNA. DNA concentrations are given in Table 6.

Table 6: Absorbance of DNA at various concentrations.

S. No Sample
Absorbance 
at 260 nm

Absorbance 
at 280 nm

Concentration 
(µg/ml)

Purity

1 Blank 0.000 S- - -

2 Sample 0.098 0.068 1056 1.83

Concentration of DNA   

  =A
260

 × 50 µg/ml × dilution factor

Polymerase chain reaction: The thermocycler was used to obtain 
multiple copies of DNA for sequential analysis. The 500 kb of 
DNA was obtained (Figure 5).

L-1 kb ladder genomic DNA, Sample (1’-4’) PCR product with 
1.8% of agarose gel the samples 2’, 3’ were sequenced.

Sequencing

The obtained PCR product was sequenced by using trnH-psbA 
barcoding gene by sanger sequencing method. The sequenced 
DNA was analysed to study quality of the base pairs (Figure 6).

Figure 3: Plot of concentration of membrane stabilization of extracted 
sample.

Figure 4: Agarose gel electrophoresis L-1kb ladder genomic DNA, 
Sample (1-4) various concentration of plant DNA.

Figure 5: PCR with barcoding gene trnH-psbA.
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>P_TRNH_FP_F08.ab1

CTCCCGGTACCGGTCCGCGAGCAAATATAAGAGTGCAA 
TTTGTACCATTAATTATTTTTTTATTTTTTTTATGATTTTTT

TTATCTTGACCTAATTCGACATAAAATCACATACTTTTTT 
TTTTTTTTTTTTAAAAAAAATTGTTAAAAATTGGCCCCGA

ACCCAAACCCAAAAATCCGGCGGAAAAGAAAAAAACC  
A A A A A A A A AC C G G G G C A A A AC C A AC T TC TG G G 
AAAGGAATTGG

CTTGGTTCGGTTTTTTTCAAAAACCCGTAAACACAAGG 
AAGGAAACCTTTCCCTTTGGGGAAGGGGGCTCGGAA

Construction of phylogenetic tree

The evolutionary relationship of the species of Cardiospermum 
halicacabum was studied by constructing a phylogenetic tree (Figure 7).  

Barcode generation: The DNA barcode were generated by using 
BIO-RAD (http://biorad-ads.com/DNABarcodeWeb/). By 
using the barcode, the species were identified easily by both the 
taxonomists and non- taxonomists. And the adulteration of the 
product is identified (Figure 8).

CONCLUSION

In this study, ethanolic extraction of C. halicacabum was carried in 
the dry powder. The bio active compounds of the sample were tested 
by phytochemical screening and quantitative analysis indicates the 
presence of tannins, saponins, steroids, alkaloids, carbohydrates, 
phytosteroids, glycosides, cardiac glycosides, anthraquinone and 
phlobotannins. The anti-inflammatory activity of C. halicacabum 
for identification of hemolysis was done by HRBC assay. The DNA 
was isolated from the fresh leaves of C. halicacabum. The quality and 
quantity of the DNA were checked by agarose gel electrophoresis 
and spectrophotometric method. The evolutionary relationship of 
C. halicacabum was studied by constructing a phylogenetic tree and 
the barcode for C. halicacabum were generated. 
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