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INTRODUCTION
Shankhpushpi is the conch or shankh shape flowers, which 
are considered to be auspicious. In most of the Ayurvedic text, 
Convolvulus pluricaulis Choisy. (CP) (Family, Convolvulaceae) 
which bears white, pink flowers is reported as Shankhpushpi.1 
However, due to similar flower structure in species like Clitoria 
ternatea L. (CT), Evolvulus alsinoides L.(EA) and Tephrosia 
purpurea (L.) Pers. (TP) are also called as Shankhpushpi.2 

Clitoria ternatea L. (Family, Fabaceae) as a climber has 
been accepted as Shankhpushpi by most of the South Indian 
Vaidyas.2 Similar looking herb Evolvulus alsinoides L. (Family, 
Convolvulaceae) bearing blue flowers is commonly known 
as Vishnukaranta, believed to be a variety of Shankhpushpi.3 

Likewise, Tephrosia purpurea (L.) Pers. (Family, Fabaceae), 
a shrub with pink color flowers is also sold as Shankhpushpi 
in Maharashtra and South Indian markets.4 On the basis of 
the above account, it is obvious that different plant species 

attributed to Shankhpushpi are present in the herbal drug 
market of India; therefore, correct identification and quality 
control of starting material is an essential prerequisite to ensure 
reproducibility and quality of this important Ayurvedic drug. 

Shankhpushpi has several medicinal properties, viz., 
intellect promoting augments memory, and rejuvenating to 
nervous tissue.5 It is also used for alleviates abdominal pain, 
treatment of a cough, toxins, epilepsy, useful in urinary 
disorders, and hypertension.4,5 Pharmacologically it has 
several activities like nootropic, anxiolytic, anticonvulsant, 
antistress, memory-enhancing activity, antidepressant, 
and antiepileptic activity.6-9 Besides, anti-inf lammatory, 
antipyretic, antimicrobial activity, antifungal properties, 
antidiabetic activity, analgesic activity, antitumor activity, and 
anti-ulcerogenic activity have also been reported.10-12 There 
are several important Ayurvedic and Unani formulations of 
“Shankhpushpi” available in the herbal drug market, e.g., 
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Agastyaharitaki, BR-16 A Brahma Rasayana, Brahmi Ghrta, 
Brahmi Vati, Dimagheen, Gorocanadi Vati, Manasmitra 
Vataka, Shankhavali Churna, and Shankhpushpi Syrup.1,13,14 

Nowadays, pharmacognosy has become more inter-
disciplinary because of subsequent advances in analytical 
chemistry and the application of genomics in herbal drug 
research. HPTLC is a widely used technique employed in the 
pharmaceutical industry for the identification and detection of 
adulterants in herbal products and quality control of herbs. In 
HPTLC, several samples can be run simultaneously by use of 
a smaller quantity of mobile phase; therefore, it has become 
one of the preferable chemoprofiling techniques and included 
in Ayurvedic Pharmacopeia for quality control of herbal 
drug.1,15-17 Besides, molecular markers such as RAPD and ISSR 
are also being used to characterized and identify plants used 
in the herbal drug preparations.18 The aim of the present study 
was to analyze the freshly collected and commercial samples 
of Shankhpushpi using HPTLC, RAPD, and ISSR methods for 
quality control in herbal drug preparations.

MATERIAL AND METHODS

Collection and Procurement of Plant Materials 
The plant species of drug attributed to Shankhpushpi were 
collected from their natural habitats of different cities of India 
(Table 1), and their herbarium specimens were prepared and 
identified as per standard herbarium procedure19 and deposited 
in the herbarium of CSIR-National Botanical Research 
Institute, Lucknow, for accession number LWG series (Table 1). 
The commercial samples of Shankhpushpi were procured 
from crude drug markets of Lucknow, Delhi, Varanasi, Hisar, 
Jalandhar, Dehradun, Mumbai, and Jaipur (SM1, SM2, SM3, 
SM4, SM5, SM6, SM7, and SM8) in India. 

Processing of Plant Material 
All the samples of Shankhpushpi grounded into a coarse 
powder and placed in appropriately sized volumetric flasks, 
and 100 mL methanol was added to 10 grams of powder of each 
plant and then shaken on a shaker for 5–6 hours, kept at rest 
overnight and filtered after that. The procedure was repeated 
thrice with methanol (100 mL) at room temperature (25 ± 
2°C). The methanolic extracts were filtered through Whatman 
No. 1 filter paper and combined. The combined extracts were 
concentrated under reduced pressure using Rotavapor R-114 

(Buchi) at a temperature of 45°C and freeze-dried in the freeze-
dry system/Freezone 4.5 (Labconco). Dissolved the accurately 
weighed 10 mg of the extract in 1 mL methanol and filtered 
through a 0.45 μm filter membrane, the filtrate was used as a 
sample solution. 

High-Performance Thin Layer Chromatography 
(HPTLC) and Estimation of Phytochemical Marker
The HPTLC has performed on 20 × 10 cm silica TLC 
plates, coated with 0.2 mm layers of nanosilica G containing 
ultraviolet (UV) 254 f luorescent indicator (Aluchrosep 
nanosilica G/ UV254, S.D. Fine Chem. Ltd., Mumbai, India). 
All the samples (20 μL) were applied using 100 μL hamilton 
syringes with Linomat 5 applicator (Camag, Muttenz, 
Switzerland) under a flow of N2 gas. Extract solutions were 
applied as bands onto the TLC plate. The plates were developed 
using a standardized solvent system toluene-ethyl acetate-
formic acid (8.5:1.5:0.1 v/v/v) in a Camag glass twin-trough 
chamber (20 × 10 cm), by applying the following experimental 
conditions: temperature, 25 ± 2°C, and relative humidity, 40% 
(a pre-equilibrate twin-trough chamber with the mobile phase 
for 30 minutes before analysis). Scanning was performed using 
a TLC Scanner 3 (Camag). The plate developing distance was 
8 cm from the lower edge of the plate. The plate was dried in a 
stream of warm air for 5 minutes. The densitometry scanning 
was done at absorbance mode at 500 nm using Camag TLC 
scanner III with winCATS 3.2.1 software for ferulic acid 
(FA), caffeic acid (CA), β-sitosterol (BS), and lupeol (LUP). 
The source of light was the deuterium and tungsten beam. 
Method of quantification followed according to the standard  
protocol.15,16,20

Genomic DNA Extraction
Total genomic DNA was isolated from different genotypes 
of Shankhpushpi following the cetyl trimethyl ammonium 
bromide (CTAB) method.21 Quantitation of purified DNA 
was carried out by UV spectrophotometry using NanoDrop 
ND-1000 spectrophotometer (NanoDrop Technologies Inc., 
USA). 

RAPD and ISSR Amplification
Initially, 20 RAPD and 16 ISSR primers were screened with 
two templates DNA as, and only those primers were considered, 
which produced consistent and reproducible profiles. Finally, 

Table 1: List of plant materials used in the present study 

S. No. Plant name Sample code Source Accession No.
1 Convolvulus pluricaulis CP1 Lucknow LWG-0001
2 Convolvulus pluricaulis CP2 Haryana LWG-34
3 Convolvulus pluricaulis CP3 Chitrakoot LWG-35
4 Clitoria ternatea (white) CT1 Lucknow LWG-0002
5 Clitoria ternatea (white) CT2 Faizabad LWG-0003
6 Clitoria ternatea (white) CT3 Trivandrum LWG-32
7 Evolvulus alsinoides EA1 Chhattisgarh LWG-31
8 Evolvulus alsinoides EA2 Chitrakoot LWG-30
9 Tephrosia purpurea TP Lucknow LWG-41

 ultraviolet
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6 RAPD and 5 ISSR primers were considered in the present 
study. The RAPD and ISSR PCR reactions were carried out 
according to Singh N et al.22 The PCR products were resolved 
on 1.5% agarose gel in 1X TBE buffer stained with ethidium 
bromide at 100 V, and the fragments were visualized and 
documented in UV Tech gel documentation system (UK). The 
gel profiles were photographed and stored as digital pictures 
in the gel documentation system.

Data Analysis
All the experiments were carried out in triplicate, and results 
represented as average with ± SD. Data analysis for RAPD and 
ISSR was carried out only for those accessions that resulted 
in consistent and reproducible profiles. Data were scored as 
presence (1) or absence (0) of a band, and only distinct and 
well-separated bands were included in the final analysis. 
The polymorphic information content (PIC) was calculated23 
for each primer. In order to determine the utility of each of 
the marker systems, the diversity index (DI), marker index 
(MI), and resolving power (RP) were calculated as well as 
the percentage of polymorphism (% P) were estimated.24 

A pairwise matrix of similarity between genotypes was 
determined for the band data using Jaccard’s similarity 
coefficient for the UPGMA method, and the dendrogram was 
constructed in the Free Tree program (ver. 0.9.1.5).25

RESULTS

Phytochemical Marker Quantification
The HPTLC analysis showed considerable variation in 
phenolics and terpenoid (ferulic acid, caffeic acid, lupeol, 
and β-sitosterol) content in different genotypes investigated. 
The results are presented in Table 2. C. pluricaulis can be 

considered as the actual sources of Shankhpushpi and C. 
pluricaulis contains the average concentration (9.223 ± 0.013, 
11.15 ± 0.041, 24.65 ± 0.032, and 46.61 ± 0.051 mg/100g) of 
ferulic acid, caffeic acid, lupeol, and β-sitosterol, respectively. 
Chitrakoot population of C. pluricaulis was found to be the 
highest accumulator of phenolics, and terpenoid content, 
followed by C. ternatea and E. alsinoides, and least phenolics 
was observed in T. purpurea in which cafferic acid was absent. 
The calibration curve for each estimated phytochemical marker 
was obtained by linear least square regression of peak areas of 
the developed spots vs. concentrations (Figure 1). The linear 
regression equation for FA (y = 106.332 + 0.427 × x, r = 0.9822, 
SD = 5.38%), CA (y = 16.674 + 0.370 × x, r = 0.999, SD = 
1.64%), BS (y = 56.130 + 0.080 × x, r = 0.9894, SD = 2.44%), 
and LUP (y = 251.157 + 0.366 × x, r = 0.96868, SD = 4.32%). 
The concentration of the above four quantified phytochemical 
markers in all the samples of Shankhpushpi were quantified 
and are given in Table 2. 

Molecular Markers
Twenty RAPD and sixteen ISSR primers were used, of which 
only six RAPD and five ISSR primers generated clear and 
reproducible banding patterns. In RAPD analysis, a total of 52 
bands were produced with an average of 8.33 bands per primer, 
among which 49 bands were polymorphic, showing 95% 
polymorphism. Polymorphic information content, resolving 
power, and marker index values for RAPD markers were 
found 0.4, 10.07, and 15.7, respectively. However, a total of 45 
ISSR bands were produced with five ISSR primers, of which 
43 bands were polymorphic, showing 96% polymorphism. 
Polymorphic information content, resolving power, and marker 
index values for ISSR markers were found 0.4, 9.06, and 17.7, 
respectively (Table 3).

Table 2: Phenolics and terpenoid markers concentration in collected as well as market samples of Shankhpushpi

S. No. Samples
Phytochemical markers mg/100g
Ferulic acid Caffeic acid β-sitosterol Lupeol

1 CT1 6.78 ± 0.02 1.25 ± 0.031 49.63 ± 0.002 20.24 ± 0.013
2 CT2 7.24 ± 0.013 1.44 ± 0.006 50.81 ± 0.012 22.41 ± 0.015
3 CT3 1.68 ± 0.002 0.38 ± 0.005 14.76 ± 0.007 20.22 ± 0.93
4 CP1 9.71 ± 0.021 9.42 ± 0.023 8.21 ± 0.008 25.33 ± 0.005
5 CP2 1.75 ± 0.013 1.09 ± 0.014 23.21 ± 0.017 13.10 ± 0.007
6 CP3 16.21 ± 0.006 23.02 ± 0.003 108.50 ± 0.002 37.40 ± 0.42
7 EA1 0.52 ± 0.011 0.148 ± 0.022 13.12 ± 0.012 9.01 ± 0.002
8 EA2 8.41 ± 0.012 0.38 ± 0.006 23.8 ± 0.014 11.9 ± 0.005
9 TP 2.07 ± 0.024 – 105.4 ± 0.012 17.44 ± 0.032
10 SM1 18.35 ± 0.02 30.37 ± 0.05 6.47 ± 0.03 2.40 ± 0.31
11 SM2 15.0 ± 0.41 61.95 ± 0.23 2.08 ± 0.21 1.21 ± 0.04
12 SM3 23.2 ± 0.05 30.59 ± 0.13 5.25 ± 0.04 3.05 ± 0.01
13 SM4 6.36 ± 0.02 45.31 ± 0.12 2.52 ± 0.21 3.63 ± 0.04
14 SM5 18.5 ± 0.014 55.03 ± 0.06 9.07 ± 0.06 5.85 ± 0.13
15 SM6 0.32 ± 0.06 4.152 ± 0.02 7.01 ± 0.04 9.40 ± 0.18
16 SM7 13.44 ± 0.15 26.4 ± 0.16 6.36 ± 0.12 17.68 ± 0.09
17 SM8 19.53 ± 0.06 36.57 ± 0.05 2.83 ± 0.15 2.95 ± 0.23
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Table 3: RAPD and ISSR primers used for amplification 

RAPD Sequence (5-3’) TB PB PPB PIC RP DI MI
OPG-05 CTGAGACGGA 13 11 85 0.4 14.47 3.1 15.7
OPG-06 GTGCCTAACC 9 8 89 0.3 8.24   
OPG-10 AGGGCCGTCT 7 7 100 0.4 7.76   
OPG-13 CTCTCCGCCA 9 9 100 0.4 10   
OPG-14 GGATGAGACC 8 8 100 0.3 8.24   
OPG-16 AGCGTCCTCC 6 6 100 0.4 5.65   
 Total 52 49 95 0.4 10.07   
*ISSR  TB PB PPB PIC RP DI MI
UBC-809 AGAGAGAGAGAGAGAGG 8 6 75 0.3 11.88 3.4 17.7
UBC-836 AGAGAGAGAGAGAGAGYA 7 7 100 0.4 7.76   
UBC-841 GAGAGAGAGAGAGAGAYC 9 9 100 0.4 9.06   
UBC-861 ACCACCACCACCACCACC 9 9 100 0.4 9.18   
UBC-886 CTCCTCCTCCTCCTCCTC 12 12 100 0.4 12.47   
 Total 45 43 96 0.4 9.06   
 Cumulative* 97 92 95 0.4 9.56 3.3 16.7

*ISSR = primers: Y = (C, T); Cumulative* = Combined data of RAPD and ISSR; TB = total band; PB = polymorphic band; PPB = percentage 
polymorphic band; PIC = polymorphic information content; RP = resolving power; DI = diversity index; MI = marker index

Figure 1: Linear regression graph for four phytochemical markers quantified in Shankhpushpi; A = caffeic acid; B = ferulic acid; C = beta-
sitosterol; D = lupeol
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Cumulative (RAPD + ISSR) marker analysis showed 97 
amplified bands, of which 92 bands were polymorphic, showing 
95% polymorphism. Polymorphic information content, 
resolving power, and marker index values for cumulative 
markers were found 0.4, 9.56, and 16.7, respectively (Table 3).

Species-specific bands generated through different RAPD 
and ISSR primers represented the identification markers for 
various species. The unique bands of 310 bp (approximately) 
amplified by primer OPG16 for C. pluricaulis and the unique 
band of 208 bp (approximately) amplified by primer OPG14 for 
E. alsinoides, a similarly unique band of 334 bp (approximately) 
amplified by primer OPG06 for C. ternatea and the unique 
band of 144 bp (approximately) amplified by primer ISSR-836 
for T. purpurea (Figure 2).

The UPGMA method used to generate a tree for cluster 
analysis using the similarity coefficients. The resulting 

dendrogram differentiated all genotypes in two major 
clusters. Cluster 1 represented 12 genotypes consisting of all 
C. pluricaulis and E. alsinoides species with seven market 
samples SM1 to SM8 except SM7, which was not grouped with 
any cluster. Cluster 2 represented all genotypes of C. ternatea 
and T. purpurea species (Figure 3).

DISCUSSION
Chemical and molecular analysis is the most accepted and 
appropriate method for the authentication of plant-based drug/
formulation.15,18,20,26-29 As plants are an important source of 
potentially bioactive chemicals, phytochemical analysis helps 
in determining the quality, purity, and efficacy; however, the 
molecular aspect identifies the true genetic source, especially 
in the powder form.15,17,18,30 In recent years, TLC/HPTLC is 
considered a significant phytochemical analytical technique 

Figure 2: RAPD/ISSR profile showing species-specific band using primer A-OPG 16; B-OPG 14; C-OPG 6; D-UBC 836; Track showed from left 
low range DNA ruler (M); Convolvulus pluricaulis-Lucknow (CP1), Haryana (CP2), and Chitrakoot (CP3); Clitoria ternatea-Lucknow (CT1), 

Trivandrum (CT2), and Faizabad (CT3); Evolvulus alsinoides-Durg (EA1) and Chitrakoot (EA2); Tephrosia purpurea-Lucknow (TP)
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and extensively being used in the quality evaluation of plant 
materials. It includes fingerprint profiling for the assessment of 
chemical constituents, identification of adulterants/substitutes, 
and quantitative estimation of bio-markers in plant drugs 
to maintain batch to batch consistency of the products.16,20 

However, we have already published a TLC profile based 
authentication report in the case of Shankhpushpi,31 therefore, 
in the present study, the quantity of two phenolics (ferulic 
acid and caffeic acid) and two triterpenoids (β-sitosterol and 
lupeol) markers were estimated. The data showed (Table 
2) that C. pluricaulis contains the average concentration 
(9.223 ± 0.013, 11.15 ± 0.041, 24.65 ± 0.032, and 46.61 ± 
0.051 mg/100 g) of ferulic acid, caffeic acid, lupeol, and 
β-sitosterol, respectively. Likewise, SM2, SM4, and SM8 
samples contained FA, CA, BS, and LUP (Table 2) similar to 
the range of markers present in CP whole plant, therefore, the 
above samples may be the whole plant of C. pluricaulis. While 
the other studied plant C. ternatea and E. alsinoides have the 
variable range of all the four markers, but CA was not found in 
T. purpurea (Table 2). SM1, SM3, and SM6 sample seem to be 

a mixture of CP and EA. The SM1 sample might contain more 
amounts of CP than SM3 and SM6. Similarly, the SM5 sample 
consists of three markers FA, BS, and LUP lower than the 
average value of net concentration CP and TP, and also CA in 
the range of CP; therefore, it may be the mixture of CP and TP 
(Table 2). Lastly, the SM7 sample was unidentified, as shown in  
Table 2. 

Several studies have been done in the last decade 
to distinguish the relationship between DNA markers 
with phytochemical composition among closely related 
species.18,32,33 In the present paper, RAPD and ISSR profile of 
all the plants showed maximum numbers of bands amplified 
through OPG-5 and UBC-886 that are 13 and 12, respectively. 
According to the molecular characterization data, all the 
studied samples have higher polymorphism with a maximum 
of 100% with most of the OPG and UBC primers that indicate 
the high genetic variability in all the plants attributed to 
Shankhpushpi. The results of the study showed that OPG-16, 
UBC-861, and UBC-886 marker gave maximum information 
of polymorphism while OPG-5 and UBC-886 showed the 
maximum resolving power (RP) (Table 3), which is the ability 
to detect the level of variation between individual.22,34 Based 
on RAPD and ISSR profile, the dendrogram was generated 
according to the similarity matrices between all the samples 
(Figure 3). It clearly divided into two clusters (clusters 1 
and 2). Cluster 1 contained CP1, CP2, CP3, EA1, and EA2 
along with the samples SM1, SM2, SM3, SM4, SM5, SM6, 
and SM8. However, cluster 2 contained CT1, CT2, CT3, 
and TP (Figure 3). The results clearly demonstrated that out 
of eight SM samples, seven were genetically related to the 
C. pluricaulis, E. alsinoides, and T. purpurea. However, one 
sample from Mumbai, i.e., SM7, showed a totally different 
genotype. Hence, the dendrogram showed that CP, SM2, SM4, 
and SM8 clustered together, therefore genetically similar and 
justified the phytochemical inferences. 

The above data showed that there was significant 
correlation between phytochemical (TLC profiling and marker 
concentration) and molecular (RAPD and ISSR profiles) 
studies which up to some extent authenticates our results and 
species-specific bands for C. pluricaulis, E. alsinoides, C. 
ternatea, and T. purpurea generated through different RAPD 
and ISSR primers will be used for identification of different 
species of Shankhpushpi.

CONCLUSION
Phytochemical quantification and molecular analysis have 
been concluded that the market sample of Delhi, Hisar, and 
Jaipur were pure C. pluricaulis. However, other market 
samples of Shankhpushpi were the mixture of two species, 
while the Mumbai market sample did not match any collected 
plant species and unidentified. The studied techniques are 
an important tool for quality control and identification of 
adulterant/substituent of herbal drug and give significant 
identification marker at phytochemical and DNA level to 
maintain batch to batch consistency of herbal drug and 
ascertain the drug quality.

Figure 3: Dendrogram of all the Shankhpushpi samples showed 
Convolvulus pluricaulis-Lucknow (CP1), Haryana (CP2), and 

Chitrakoot (CP3); Evolvulus alsinoides-Durg (EA1) and Chitrakoot 
(EA2); E. nummularius-Lucknow (EN); Clitoria ternatea-Lucknow 
(CT1), Trivandrum (CT2), and Faizabad (CT3); Tephrosia purpurea-

Lucknow (TP); market samples-Lucknow (SM1), Delhi (SM2), 
Varanasi (SM3), Hisar (SM4), Jalandhar (SM5), Dehradun (SM6), 

Mumbai (SM7), and Jaipur (SM8)
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