World Journal of Pharmaceutical Sciences
ISSN (Print): 2321-3310; ISSN (Online): 2321-3086
Published by Atom and Cell Publishers © All Rights Reserved
Available online at: http://www.wjpsonline.org/
Original Article

Isolation and characterization of new 17-ketosteroid as antimicrobial agent from Vanda
Tessellata (Roxb.) hook
Chhavi Gupta
Laboratory of Ethnobotany and Agrostology, Department of Botany, University College of Science, M.L.
Sukhadia University, Udaipur (Rajasthan), India
Received: 21-02-2016 / Revised: 18-03-2016 / Accepted: 27-03-2016 / Published: 27-03-2016

ABSTRACT
The present study deals with isolation and identification of new 17-ketosteroid as antimicrobial agent from
Vanda tessellata, an orchid. Three unknown compounds VT-1 in pure, VT-2 and VT-3 in semi pure form has
been isolated. The antimicrobial activity of the isolated compounds was determined by agar-well diffusion
method, MIC by broth dilution method and MBC was done by sub culturing relevant sample. Compounds VT-1
indentified as 3-Ethoxy-10, 13 Dimethyltetradecahydro-1H-Cyclopenta[a] Phenanthre-17(2H)-one,VT-2 and
VT-3 were isolated first time and VT-1 showed significant antibacterial activity against Escherichia coli
(16.66±0.47), Proteus mirabilis (15.66±0.47) and Bacillus subtilis (14.00±0.00) and less antifungal activity
against Candida albicans (10.66±0.47) and Aspergillus niger( 10.66±0.47) then VT-2 and VT-3 .Compound
VT-2 gives (12.33±0.47) against Candida albicans and VT-3( 14.33 ±0.47)zone of inhibition against
Aspergillus niger respectively.Therefore, VT-2 and VT-3 are good antifungal compound then VT-1.The lowest
MIC and MBC recorded were 0.002 mg/ml and 0.125 mg/ml.
Keywords: 3-Ethoxy-10, 13 Dimethyltetradecahydro-1H-Cyclopenta[a]Phenanthren -17(2H)-One; Vanda
tessellata; 17-ketosteroid

INTRODUCTION
The increase in prevalence of multiple drug
resistance has slowed down the development of
new synthetic antimicrobial drugs, and has
necessitated the search for new antimicrobials from
alternative sources. In traditional medical system
different parts of the plant have been claimed to
possess medicinal properties. Natural products
from medicinal plants either as a pure compound or
standardized
extracts
provide
unlimited
opportunities for new drug leads because of the
unmatched availability of chemical diversity. The
premier step to utilize the biologically important
compound from plant resources are extraction,
pharmacological
screening,
isolation
and
characterization
of
bioactive
compound,
toxicological evaluation and clinical evaluation.
Vanda tessellata is an important epiphyte of the
southern Rajasthan generally found growing on the
trunk of Madhuca indica. It has antipyretic
property. It is used to treat toothache, fractured
bone, sciatica and also to reduce obesity. It has
anti-inflammatory
[1],
anti-arthritic
[2],
antimicrobial [3] and wound healing [4] property.

Despite the extensive traditional use of Vanda
tessellata, as well as its extreme botanical diversity,
it is remarkable that Vanda tessellata is very less
subjected to pharmacological and extensive
phytochemical studies. Claims of the efficacy of
Vanda tessellata in its traditional usage therefore
require validation and accurate documentation. For
this purpose, such studies were initiated as a basis
for scientific verification regarding the traditional
use of Vanda tessellata.The plant contains alkaloid,
glucoside, bitter principle, tannins, resin, saponin,
sitosterols and colouring matter. A glycoside
(melianin) and a complex withanolide have been
reported from plant growing in Pakistan [3].
Further experiment was conducted with Vanda
tessellata. For isolation and purification of
compounds several techniques of chromatography
such as TLC, silica gel column chromatography,
HPTLC and preparative TLC were done, while for
structure elucidation and characterization of
molecule, IR spectra, and 1H and 13C 2D-NMR
spectra was recorded.Three unknown compounds
VT-1, VT-2 and VT-3 has been isolated and were
screened for antimicrobial activities against
selected test pathogens but among these three
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compounds VT-1 is pure and VT-2 and VT-3 are
semi pure compounds.A hitherto unreported
compound 3-ethoxy-10,13 dimethyltetradecan
hydro-1H-cyclopenta[a]phenanthren -17(2H)one a ketosteroid named as VT-1 has been isolated
for the first time from Vanda tessellata and its
structure has been established by IR and NMR
spectroscopy and compared with previously
reported data.

General experimental procedures: The melting
point was recorded on a MSW 403b digital melting
point apparatus. The IR spectra were recorded on a
1720X Perkin Elmer FT-IR spectrometer. 1H and
13C NMR spectra were recorded on Bruker AV
400 spectrometer operating at 400 and 100 MHz,
respectively, in CDCl3 using TMS as internal
standard.
Antimicrobial activity
Test organisms: The pathological strains of test
organisms Escherichia coli, Staphylococcus
aureus, Klebsiella pneumoniae, Proteus mirabilis,
Bacillus subtilis, Candida albicans and Aspergillus
niger were collected from Department of
Microbiology, RNT Medical College, Udaipur,
Rajasthan, India.

MATERIAL AND METHOD
Plant collection: The plant materials were
collected from Phulwari Ki Naal Wildlife
Sanctuary situated in southern Aravalli hills of
Rajasthan in the end of the flowering season. The
plants were identified from its morphological
feature as mentioned in different standard text and
floras (Hooker, 1897; Shetty and Singh, 1987 –
1993). The voucher specimens were deposited in
the Herbarium at Laboratory of Ethnobotany and
Agrostology, Department of Botany, Mohanlal
Sukhadia University, Udaipur, Rajasthan (India)
for the authentication of information and further
reference. Herbarium number to voucher specimen
of Cuscuta reflexa (EA*-196), Vanda tessellata
(EA*-188) and Striga gesnerioides (EA*-142 ) was
also provided.

Antimicrobial
susceptibility
testing:
Antimicrobial susceptibility test is used to
determine the efficacy of potential antimicrobials
from plant extracts against a number of different
microbial species. Antimicrobial methods are used
to screen plant extracts for antimicrobial activity
but are largely used to determine the usefulness of
an antimicrobial in combating infections by
determining its minimum inhibitory concentration
(MIC).

Extraction and purification: The shade dried
plant material was used for solvent acetone
extraction .About 5 kg powdered plant material
weighted and mixed with acetone. Then the extract
obtained filtered thrice with the fresh solvent each
time then concentrated in rotary evaporator and
dried in vacuum oven at 50 ̊ C so as to obtain thick
and viscous mass. The residual material was
extracted with methanol three times to form
methanolic extract. The concentrated acetonic
extract was subjected to successive extraction using
petroleum ether, chloroform and acetone to obtain
petroleum ether, chloroform, acetone soluble
fractions. Vanda tessellata was subjected to column
chromatography over silica gel eluting with CHCL3
containing increasing proportion of acetone .The
column was named as VT. The first column of VT
series was named as Column 1. 35 fractions were
obtained from column 1.Its length was 54cm and
width 5cm.The stationary phase was silica of 260400 mesh and mobile phase was 10%Acetone:
Petroleum ether. Weight of loaded plant material
was 40 g.

Antibacterial activity: The antibacterial activity of
the crude extracts of Vanda tessellata was
determined in accordance with the agar-well
diffusion method described by Irobi et al [5].The
bacterial isolates were first grown in a nutrient
broth for 18 hrs. Two hundred micro liter of the
cell suspensions were spread on a nutrient agar.
Wells were then bored into the agar using a sterile
6 mm diameter cork borer. Approximately 100 μl
of the crude extract at 10 mg /ml were introduced
into the wells, allowed to stand at room
temperature for about 2 hrs and then incubated at
37°C. Controls were set up in parallel using the
solvents that were used to reconstitute the extract.
The plates were observed for zones of inhibition
after 24 hrs. Streptomycin (10μg/ml) was used as
reference against bacteria.
Antifungal activity: The fungal isolates were
allowed to grow on a Sabouraud dextrose agar
(SDA) at 25°C until they sporulated. The fungal
spores were harvested after sporulation by pouring
a mixture of sterile glycerol and distilled water to
the surface of the plate and later scraped the spores
with a sterile glass rod. One hundred micro liter of
the standardized fungal spore suspension was
evenly spread on the SDA using a glass spreader.
Wells were then bored into the agar media using a
sterile 6 mm cork borer and the wells filled with
the solution of the extract taking care not to allow

3-ethoxy-10,17dimethyltetradecahydro-1Hcyclopenta[a]phenanthren
-17(2H)-one:
Yellowish solid compound, MP 105° C FT-IR
Vmax1733.7 cm-1 for C=O and 1157.1 cm-1 for
ethoxy group.
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spillage of the solution to the surface of the agar
medium. The plates were allowed to stand on the
laboratory bench for 1 hr to allow for proper
diffusion of the extract into the media. Plates were
incubated at 25°C for 96 hrs and later observed for
zones of inhibition. The effect of the extract on
fungal isolates was compared with Amphoteracin–
B (30 μg/ml).

compound 1 was elucidated on the basis of FT-IR,
1
H and 13C NMR spectroscopy and found it to be a
ketonic
compound named as 3-ethoxy10,17dimethyltetradecahydro-1Hcyclopenta[a]phenanthren -17(2H)-one. The
presence of –C=O group (1733.7 cm-1), -CO(1157.1cm-1) ,C-H stretching of methylene group
(1488.4cm-1) and C-H stretching of methyl
group(2827cm-1)
as
found
in
FT-IR
spectrum(Table I and Figure 2). The 1H NMR
spectrum of compound VT-1 presented two
methylene triplets (δ 1.41 and δ 2.77), one singlet
observed at δ 2.05 due to CH3 proton of
cyclopentanone ring,one quartet found at δ 3.79
due to CH2 proton of ethoxy moiety and also
multiplets were found (δ 1.77 due to CH2 proton of
cyclopentanone ring and δ 1.28 due to CH-C=O
group) as shown in table 2 and Figure 2.
13
C DEPT-135 spectrum showed that a functional
group ketone (δ 205.58) and O- CH2-CH3 (is
present at and it was also confirmed by presence of
two peaks δ 64.48 and δ 14.69 of moiety
respectively. From these data it is concluded that
compound VT is with ketonic group (δ 205.58) at
C-17(Table II and Figure 3). Its molecular formula
is C21H34O2 and mass weight is 318.494 g .

Minimum inhibitory concentrations (MICs)
Broth dilution method: The estimation of MIC of
the crude extracts was carried out using the method
of Akinpelu and Kolawole [6]. Two-fold dilutions
of the crude extract was prepared and 2 ml aliquots
of different concentrations of the solution were
added to 18 ml of pre-sterilized molten nutrient
agar and SDA for bacteria and fungi respectively at
40°C. The medium was then poured into sterile
petri dishes and allowed to set. The surface of the
medium was allowed to dry under laminar flow
before streaking with 18 hrs old bacterial and
fungal cultures. The plates were later incubated at
37°C for 24 hrs and at 25°C for up to 72 hrs for
bacteria and fungi respectively, after which they
were examined for the presence or absence of
growth. The MIC was taken as the lowest
concentration that prevented the growth of the test
microorganism.

Compound
VT-1
named
as
3-ethoxy10,17dimethyltetradecahydro-1Hcyclopenta[a]phenanthren -17(2H)-one has been
isolated for the first time from Vanda tessellata the
genus and its structure has been established by IR
and NMR spectroscopy (Figure 2) and comparison
with previously reported data . As shown in Table
3 and 4, the isolated compound 3-ethoxy-10, 13
dimethyltetradecahydro-1H-cyclopenta[a]
phenanthren-17(2H)-one displayed antimicrobial
activity against all tested organisms. Considerable
activity was obtained against Escherichia coli
(16.66±0.47), Proteus mirabilis (15.66±0.47) and
Bacillus subtilis (14.00±0.00). It shows less
antifungal activity against Candida albicans
(10.66±0.47)
and
Aspergillus
niger
(
10.66±0.47)(Table III). Compound VT-2 and VT-3
was also screened for their antimicrobial activity
and found noticeable result, specifically
Escherichia coli (VT-2=14.33±0.47 and VT3=13.00±0.00) and Proteus mirabilis (VT2=14.00±0.00 and VT-3=12.33±0.47).Compound
VT-2 gives 12.33±0.47 zone of inhibition against
Candida albicans and VT-3 shows 14.33 ±0.47
zone of inhibition against Aspergillus niger.
Therefore, VT-2 and VT-3 are good antifungal
compound then VT-1(Table IV). The MIC value
are found to be lower that MBC value suggesting
that the fractions were bacteriostatic at lower
concentration and bactericidal at higher
concentration .The lowest MIC and MBC recorded
were 0.002 mg/ml and 0.125 mg/ml (Table V).

Minimum bactericidal concentration (MBC):
The MBC of the plant extracts was determined by a
modification of the method of Spencer and Spencer
[7]. Samples were taken from plates with no visible
growth in the MIC assay and sub cultured on
freshly prepared nutrient agar plates and SDA
plates, and later incubated at 37°C for 48 hrs and
25°C for 72 hrs for bacteria and fungi respectively.
The MBC was taken as the concentration of the
extract that did not show any growth on a new set
of agar plates. As reference, antibiotic streptomycin
(10μg/ml) was used against all the tested bacteria
and Amphotericin- B (30 μg/ml) for fungi. The
tests were performed in triplicate.
RESULTS
The ethyl acetate soluble fraction of leaves of
Vanda tessellata was subjected to column
chromatography over silica gel eluting with CHCL3
containing increasing proportion of MeOH, the
eight and eleventh fraction from VT-28 K column
combined and were further chromatographed on a
silica gel column, using 15 % acetone: petroleum
ether as mobile phase. These fractions obtained
from VT -28K series were subjected to PTLC.
Hence, one pure compound VT-1 and two
semipure compounds VT-2 and VT-3 were
obtained from VT-series column. It was further
purified and characterized. The weight obtained of
compound was 43.6 mg .The structure of
47
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produce adequate amounts of steroid hormones
which regulates sodium conservation, potassium
secretion, and water retention, to be used in
treatment of Addison's disease and congenital
adrenal hyperplasia.

DISCUSSION
Earlier, 17 ketosteroid were found in pollen from
Pinus nigra[8]. Based on the spectral data, the
active compound is found to be a new compound in
class
of
ketosteroid,
3-ethoxy-10,17
dimethyltetradecahydro-1H-cyclopenta
[a]
phenanthren -17(2H)-one. Its phytochemical
screening and antimicrobial activity against tested
pathogens is demonstrated for the first time. VT-1
is also a new addition to its chemical constituents
as shown chromatographically in the present study
and Semipure VT-2 and VT-3 compounds showed
potential antifungal activity. We anticipate that our
findings could lead to the development of a
commercially viable and valuable drug for
development
and
maintenance
of
male
characteristics in vertebrates, to cure adrenal
insufficiency in which the adrenal glands do not

CONCLUSION
From above findings VT-1, VT-2 and VT-3 were
isolated from ethyl acetate extract of stem of Vanda
tessellata and chemical structure elucidated
respectively. It was carried out by means of various
physical(solvent extraction, TLC, CC) and spectral
techniques.
ACKNOWLEDGEMENT
One of the authors (Chhavi Gupta) is thankful to
Department of Science and Technology,
Government of India, New Delhi for providing
financial assistance for this work.

Table
I: FT
–
IR
spectral
data
of
3-ethoxy-10,
cyclopenta[a]phenanthren -17(2H)-one
Peak ( cm-1) Assignments
1733.7
C=O group
1157.1
C-O group
1488.4
C-H stretching of methylene group
2827.3
C-H stretching of methyl group

13

dimethyltetradecahydro-1H-

Table II: 1H and 13C NMR data of 3-ethoxy-10, 13 dimethyltetradecahydro-1H- cyclopenta [a]
phenanthren -17(2H)-one.
Carbon no.
C (δ)
H (δ, Hz)
1

28.89

1.41 (2H,t)

2

23.14

1.50 (2H, m)

3

80.16

2.51 (1H, m)

4

29.14

1.39(2H,m)

5

33.00

-

6

26.12

1.61(2H,m)

7

30.18

-

8

34.11

-

9

53.38

-

10

36.21

-

11

19.14

-

12

37.22

-

13

43.80

-

14

56.28

-

15

22.94

-

16

21.68

17

65.77

1.77 (2H,m)(CH2
of cyclopentane ring)
1.28(1H,m)(CH-

18

205.58

C=O)
-

19

31.10

2.05(3H,s)
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Table III. Showing zone of inhibition of purified compound isolated from Vanda tessellata against tested
bacteria
Extracts

Escherichia coli

Proteus mirabilis Staphylococcus aureus Klebsiella
pneumoniae

VT-1*
VT-2

16.66±0.47
14.33±0.47

15.66±0.47
14.00±0.00

Bacillus subtilis

≤10.0±0.00
11.00±0.00

14.00±0.00
≤10.0±0.00

VT-3
13.00±0.00
12.33±0.47
12.00±0.00
12.00±0.00
*3-ethoxy-10, 13 dimethyltetradecahydro-1H-cyclopenta[a]phenanthren -17(2H)-one.

≤10.0±0.00

10.00 ±0.47
≤10.0±0.00

Table IV. Showing zone of inhibition of purified compound isolated from Vanda tessellata against tested
fungi.
Extracts
Candida albicans
Aspergillus niger
VT-1*
10.66±0.47
10.66±0.47
VT-2
12.33±0.47
12.00±0.00
VT-3
14.00±0.00
14.33±0.47
Table V. Antibacterial activity of VT-1 measured in terms of MIC and MBC.
Name of the organism
Escherichia coli
Klebsiella pneumoniae
Proteus mirabilis
Staphylococcus aureus
Bacillus subtilis

MIC (mg/ml)
0.002
0.004
0.004
0.019
0.039

MBC (mg/ml)
0.125
0.312
0.625
0.625
O.312

Figure 1. Structure of VT-1 compound
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Figure2.FT-IR of 3-ethoxy-10,13dimethyltetradecahydro-1H- cyclopenta[a]phenanthren -17(2H)-one.

Figure 3.1H NMR data of 3-ethoxy-10,13dimethyltetradecahydro-1H- cyclopenta[a]phenanthren -17(2H)one.
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Figure 4. 13CNMR data of 3-ethoxy-10,13
17(2H)-one.

dimethyltetradecahydro-1H- cyclopenta[a]phenanthren -
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