Nathawat et al., Biochem Pharmacol (Los Angel) 2015, 4:5
DOI: 10.4172/2167-0501.1000191

emistry
och
&
Bi

en Acce
Op
ss
y:

armacolog
Ph

Biochemistry & Pharmacology: Open Access

ISSN: 2167-0501

Research Article

Open Access

Identification and Qualitative Analysis of β-Sitosterol and Some
Phytoestrogens in In Vivo and In-Vitro Samples of Lepidium sativum: A
Semi-Arid Bone Healing Plant
Raghunandan S Nathawat, Preeti Mishra* and Vidya Patni
Plant Pathology, Tissue Culture and Biotechnology Laboratory, Department of Botany, University of Rajasthan, Jaipur, India

Abstract
Dry powder of different plant parts of Lepidium sativum (Garden Cress) are known to be used for treatment of fracture (bone
healing) from ancient times. Seeds as in vivo plant part and callus as in vitro plant parts were chromatographically tested to identify and
estimate β-sitosterol and various phytoestrogens. Plant-derived sterols and estrogens in tissues and oilseeds of Lepidium sativum were
isolated by solvent extraction method. β-sitosterol, diadzein and formononetin were estimated qualitatively and quantitatively through
TLC and HPTLC techniques. In vitro grown callus was compared biochemically with in vivo plant parts. CAMAG HPTLC was used and
the developed plates were photo-documented using UV and white light. The amount of β-sitosterol was estimated to be about 0.20% w/w
for seed powder and 0.024% w/w for callus powder. Daidzein and formononetin isolated from the samples of Lepidium sativum showed
Rf values 0.73 and 0.67 and peak areas were 546.8 and 1033.5, respectively. Chloroform: methanol (8:2) gave excellent results in the
present investigation for all samples. Results indicated that applied assay is accurate and reliable for the determination of phytoestrogens
in the plant.
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Introduction
The plant species Lepidium sativum L. belongs to family
Brassicaceae (Synonym: Nasturtium sativum Medik) is also known
as Garden Cress, Pepper Cress in English, Chandrasoora (/ˈtʃɑː.də
-səˈrɑ, -ˈrɔ/), Chandrika (/ˈtʃɑː.də rɪk.ə/) in Sanskrit, and vernacularly
as Haim (/hæɪm/), Hin-Chansur (/hɪn ˈtʃɑːn.sɝ r/) etc. It is cultivated
throughout India and Tibet as a culinary vegetable and grows as a
wild plant. It is also found distributed in North Africa, Palestine,
Syria, Mesopotamia, Iran, ex-USSR, Southern and middle European
Part, New Caledonia and in Australia and Indonesia. In Rajasthan
(Mewar region, India), this plant has been studied under exploited
fodder species [1]. The plant demonstrates weedy habit, grows on
waste land and cultivated places. It is an erect, annual herb, up to 50
cm height. The plant extract is bitter, used as tonic, galactogogue, and
aphrodisiac, in the treatment of dysentery, pain in abdomen, blood
and skin disorders, injuries, tumors, eye diseases, asthma, cough,
and bleeding piles. Seeds of L. sativum are useful in the treatment of
fracture [2] and induce production of breast milk. Garden cress seed oil
is rich in omega-3 fatty acid [3]. Seed powder has been proved useful
in the treatment of fracture healing [4]. Lepidium sativum is one of the
herbs mentioned in ancient scriptures of Ayurveda. Anti-osteoporotic
effect of the plant has been discussed by many authors [5]. Sudard is an
herbal formulation containing extracts of 11 medicinal plants including
Lepidium sativum seeds. Bio-Trib is a synergic preparation including
L. sativum roots-effective, safe and useful for successful treatment of
a wide range of male sexual health disorders. Delentigo (made up of
Lepidium sativum sprout extract) is an efficient and targeted solution
for reducing age spots. Flex, Laksha gogglu, painmukti etc. are other
formulations of Lepidium. Phytosterols and phytoestrogens are some
important compounds present in higher quantities in this medicinal
plant. Phytoestrogens have been suggested as cancer preventatives
and as treatments for menopausal symptoms and osteoporosis.
Phytoestrogens like Diadzein, formononetin containing diet can be
useful for the prevention and treatment of many diseases including
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osteoporosis [6]. The widely distributed C-29 sterols are formed from
acetate via melvaonic acid pathway by higher plants. Phytosterols have
been reported in many plants by several workers [4,7-9].
Separation of phytoestrogens by chromatography is particularly
very useful, since it permits their identification, confirmation and/or
quantification. The focus of this study was to simplify the extraction
procedure and to qualitatively analyze various in vivo and in vitro parts
of Lepidium sativum for relative determination of phytoestrogens.

Materials and Method
Seeds of mature plant of Lepidium sativum were collected locally
from different regions of Rajasthan (India). In vitro grown hypocotyls
of Lepidium sativum were inoculated after several rinses with sterile
distilled water on MS medium supplemented with various combinations
of growth regulators. Ideal medium for callus establishment through
nodal stem segment explant was MS-medium supplemented with
NAA (1.0 mg/l) in combination with BAP (5.0 mg/l). Callus tissues
thus grown were harvested periodically (2, 4, 6 and 8 weeks), dried and
calculated for growth indices separately. Five such replicates of seeds
and callus were examined and the mean values were recorded.

Extraction procedure
Plant derived sterols in tissues and oilseeds of Lepidium sativum
can be isolated by solvent extraction with diethyl ether followed by
saponification and chromatographic purification to obtain total sterols.

*Corresponding author: Preeti Mishra, Plant Pathology, Tissue Culture and
Biotechnology Laboratory, Department of Botany, University of Rajasthan,
Jaipur, India, Tel: +919414781210; E-mail: drpreetipathak@gmail.com
Received September 17, 2015; Accepted October 13, 2015; Published October
17, 2015
Citation: Nathawat RS, Mishra P, Patni V (2015) Identification and Qualitative
Analysis of β-Sitosterol and Some Phytoestrogens in In Vivo and In-Vitro Samples
of Lepidium sativum: A Semi-Arid Bone Healing Plant. Biochem Pharmacol (Los
Angel) 4: 191. doi:10.4172/2167-0501.1000191
Copyright: © 2015 Nathawat RS, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Citation: Nathawat RS, Mishra P, Patni V (2015) Identification and Qualitative Analysis of β-Sitosterol and Some Phytoestrogens in In Vivo and In-Vitro
Samples of Lepidium sativum: A Semi-Arid Bone Healing Plant. Biochem Pharmacol (Los Angel) 4: 191. doi:10.4172/2167-0501.1000191

Page 2 of 4
In vitro grown callus tissue and selected plant seeds were striped
and milled before they were extracted by diethyl ether in a soxhlet
extractor. After removal of solvent using evaporator, 30 ml of extracts
were saponified with 9% alcoholic potassium hydroxide for 5 hrs. The
resulting solution was then diluted two times by distilled water and
extraction procedure followed five times with diethyle ether. The ether
solution was dried to obtain unsaponifiable matters of plant seed oils
and dried in vitro cultured callus. Five replicates were analyzed in each
case. Identification of sterols was carried out by TLC, IR spectra, and
HPTLC studies. Methanolic extracts of seed powder and callus were
used in case of phytoestrogen studies.

Thin layer chromatography
The crude extracts were applied separately on silica gel ‘G’ coated
and activated thin glass plates along with standard reference sample
of sterols (β-sitosterol, stigmasterol, lanosterol, cholesterol). The plates
were developed in different organic solvent mixturers of Benzene:
Ethyl acetate (3:1) and Hexane: Acetone (8:2) [10]. The developed
plates were air dried, sprayed with 50 % sulphuric acid or Anisaldehyde
reagent and subsequently heated at 100°C for 10 minutes. To quantify
phytoestrogens-diadzein, genistein and formononetin, different
organic solvents like chloroform: methanol (8:2); chloroform: acetone:
formic acid (75:16.5:8.5) were tested. Five to ten replicates were run
and average Rf values were calculated for the standard and plant parts’
extracts (in vivo and in vitro).

Preparative thin layer chromatography (PTLC)
The extracts along with standard reference β-sitosterol, stigmasterol,
lanosterol, cholesterol were applied separately on thick (0.3 mm to 0.4
mm) silica gel ‘G’ coated and activated glass plates. The plates were
developed in an organic solvent mixture of Hexane: Acetone (8:2).
The developed plates were air dried and visualized by spraying 50%
sulphuric acid and anisaldehyde reagent to mark the steroidal bands.
Each of the mixture was eluted with chloroform, elutes were dried in
vacuo, crystallized separately with acetone and methanol. The purified
material was subjected for IR spectrum and HPTLC analysis.

HPTLC studies
The TLC spots corresponding to sterols were eluted by methanol
(1/1 v/v). The separation was made on HPTLC system equipped with a
sample applicator device CAMAG lino mate 5, CAMAG twin through
chamber, CAMAG TLC scanner and integration software (Win CATS),
stationary phase for the sample was pre washed HPTLC silica gel plates
60 F254, mobile phase for the samples was Hexane: Diethyl Ether
(6.5:3.5). The developed bands were analyzed on 520 nm (β-sitosterol)
and on 380 nm (Diadzein and formononetin). Peaks of standard
sterols were compared with the peaks of in vitro callus tissue and with
the peaks of in vivo plant parts. The plates were photo-documented by
using UV and white light.

β-sitosterol was estimated to be about 0.20 % w/w for seed powder and
0.024 % for callus powder (Figure 1A-1D). The 3D spectra of all tracks
scanned at 520 nm are shown in (Figure 2).
Daidzein and formononetin isolated from the samples of Lepidium
sativum showed Rf value 0.73 (for seeds) and 0.67 (for callus) and peak
area was 546.8 and 1033.5 respectively (Figure 3A-3C) (Figure 4A4D). Chloroform: methanol (8:2) gave excellent results in the present
investigation for all samples. During HPTLC analysis the amount of
daidzein was estimated to be about 18.81 % w/w in seed and minimum
in callus (9.99 % w/w) by using the HPTLC values. The 3D spectra of all
tracks scanned at 380 nm (Figure 5).

Discussion
β-sitosterols have antifungal, antibacterial and anti-inflammatory
activity [11,12]. In the present investigation Chloroform: methanol
(8:2) combination showed best results and exhibited coherence with
the results of [13,14]. HPTLC technique with other biochemical assays
supplemented evidence to confirm the presence of some bioactive
compounds, which have provided the plants an important position in
folkloric usage [15] In the present study, quantitative and qualitative
biochemical methods can be employed as a stability indicator [16] that
can be used for the routine quality control analysis and quantitative
determination of β-sitosterol from Lepidium sativum. Results obtained
by HPTLC for diazdzein and formononetin were coincided with the
results of [17-19]. Although originally identified in cementum, PTPLa/
CAP is very effective at inducing bone repair and healing and therefore
this novel molecule has a great potential to be used for mineralized
tissue bioengineering and tissue regeneration studied by [20].
Lepidium sativum seeds have been used in traditional folk medicine
to heal fractured bones especially in cases of glucocorticoilds induced
osteoporosis [21,22]. Results thus obtained provided a chromatographic
fingerprint of specific phytochemicals and are suitable for identify and
purify raw materials from such medicinal plants.

Conclusion
These results indicate that, the assay is accurate and reliable for the
determination of phytoestrogens in Lepidium sativum. This technique
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Figure 1A: Chromatogram of standard

-sitosterol.

Figure 1B: Chromatogram of β-sitosterol in callus.

Results
Qualitative analysis showed the presence of β-sitosterol in all in
vivo (seeds) and in vitro (callus) samples of Lepidium sativum. The
developed TLC plates showed coloured spots for isolated β-sitosterol
of seeds (Rf- 0.62) and callus (Rf-0.63) samples which coincided with
that of the reference β-sitosterols (Rf- 0.64, purple). The Rf value of
standard β-sitosterol in HPTLC analysis was found to be 0.18 and peak
area recorded was 3580.50. Callus and seed extracts of the plant showed
Rf value 0.18 and 0.20 respectively; which coincided with standard Rf
value and peak area was 176.10 and 1449.1 respectively. The amount of
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Figure 1C: Chromatogram of β-sitosterol in seed.

Figure 1D: TLC of β–sitosterol.

β: betasitosterol; Stg: Stigmasterol; Ln: Lanosterol; Ch: Cholesterol; C: Callus;
S: Seed
Figure 1: HPTLC chromatograms of β-sitosterol.
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Figure 2: 3D spectra of all tracks of phytosterol (β-sitosterol) samples and
standard at 520 nm.

Figure 5: 3D spectra of all tracks of phytoestrogen – Lepidium sativum at 380
nm.

A

B
Figure 3B: Chromatogram of daidzein in callus.

Figure 3A: Chromatogram of standard daidzein.

greatly simplifies the analysis of phytoestrogens. The HPTLC method
provided a quick and easy approach for detection and quantitation of
biomarker β-sitosterol in Lepidium sativum.
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