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ABSTRACT: Aim of this study was to identify and characterise the bioactive
principles from the latex of Calotropis procera which could influence cellular and
humoral aspects of immune system which may influence immune disorders.
Calotropis procera R.Br. (Asclepiadaceae), commonly known as milk weed or
swallow-wort, is a medicinal plant widely used as a folk medicine in India. It
exhibits a wide spectrum of pharmacological activities shown by various research
activities till date like anti microbial, anticancer wound healing. After successive
extraction of dried latex ethyl acetate extract of latex was subjected to bioassayguided fractionation. The two fractions obtained (EA I and II) were tested for
immunomodulatory activity using delayed type hypersensitivity and humoral
antibody titre by antigenic sheep RBCs. The active molecule was isolated, based
upon bioassay guided fractionation, and identified as β-sitosterol on spectral
evidence. Only the fraction (EA I) containing β- Sitosterol showed promising
humoral and cellular activity with Primary HA titre value 201.29 ± 2.35 and
secondary HA titre value 296.51 ± 1.45. β- Sitosterol, a pentacyclic triterpenoid
was extracted for the first time from the latex of Calotropis procera and
characterized by spectral studies UV, IR, NMR and MASS. The presence of
appreciable amounts of β- Sitosterol in the latex may account for its various
pharmacological activities. The present study provides some scientific evidence for
the traditional use of Calotropis procera in the immunomodulatory activity, which
could play some role in humoral and cellular response in immunity.

INTRODUCTION: Calotropis procera, a
laticiferous plant of family Asclepiadaceae
commonly known as milk weed or swallow-wort,
widely used as a folk medicine in India is noncultivated, xerophytic shrubs of geographic
distribution covering all over the world. It is well
known for its multifarious medicinal properties as
well as toxic potentials. Different parts of this plant
is used in the traditional medicinal system 1.
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The plant produces milky, white latex, which
consists of several biologically active compounds,
including proteins, amino acids, carbohydrates,
lipids, vitamins, alkaloids, carbonates, resins,
tannins and terpenes 2. It is reported to produce an
inflammatory reaction on local application or
accidental exposure. It is also reported to possess
medicinal properties like anti diarrheal, anti cancer,
hepatoprotective, anti arthritic, anti-oxidant, antidiabetic 3, antiulcer 1, antiinflammatory, analgesic,
and inflammatory hyperalgesia 4 in the latex
protein, anti fungal effects on seed-borne fungi 5,
bio–larvicide for the control of mosquito vectors 6.
Naturally β-sitosterol (22, 23-Dihydrostigmasterol,
Stigmast-5-en-3-ol) is biosynthesised during
membrane biogenesis, chemically it is not
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completely synthesized so far, and is produced
from pure stigmasterol by two pathways. Some of
the other analogues of β-sitosterol present in the
plant are Daucosterol, Stigmasterol, Campesterol,
Fucosterol, Gorgosterol and Ergosterol 7. In the
present study, we have isolated and characterized
β-sitosterol, a pentacyclic triterpene, from the ethyl
acetate fraction of C. procera latex extract. βsitosterol is reported to exhibit a wide range of
pharmacological activities against various disease
conditions such as analgesic, inflammation, antimutagenic, anthelminthic, 8, apoptotic 9,
chemoprotective 10, hypocholesterolemic 11,
angiogenic 12, genotoxic 13, anti cancer 14, antioxidant 14,15, anti-diabetic 15,16, antimicrobial
antifungal infections 17 and in therapeutic activity
of many diseases like BPH, prostatic cancer 18,
inhibitory action on glucoamylase in vitro 19 and
Neuroprotection 20 .
The objective of the present study was to derive
bioactive compounds by bioassay guided
fractionation from ethyl acetate extract of
Calotropis procera latex that would influence
various measures in immunomodulation and
alleviate
various
cellular
and
humoral
immunomodulatory pathophysiology of diseases.

HO

FIG. 1: CHEMICAL STRUCTURE OF ISOLATED
COMPOUND β-SITOSTEROL

MATERIALS AND METHODS:
Plant material and latex collection: The fresh
latex of Calotropis procera was collected from the
campus, in amber colour well tight container. The
plant was identified by a taxonomist and deposited
at the herbarium of the Biological survey of India,
Pune, India where voucher specimen was kept at
the centre with number (BSI/WRC/Tech./ 2010/
GAPCAP1).
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Extraction: From the previous study it was
revealed that ethyl acetate extract showed better
activity in the phytochemical and in vivo
immunomodulatory activity. Briefly, latex (350 g)
was shade dried at 50 °C, coarsely powdered and
extraction of dried latex with hexane (3.0 l). The
solvent was filtered through Whatman No. 1 filter
paper and evaporated to dryness under vacuum at
40 °C using a rotary evaporator. The hexane extract
was labelled as CH1 (4.2 g). The defatted marc was
subjected to successive soxhlet extraction with
chloroform, ethyl acetate and ethanol respectively
(2.5 l) under reflux for 5 h. The solvent was
removed under reduced pressure using a rotary
evaporator at 40ºC to obtain the chloroform (20.4
g), ethyl acetate (5.8 g) and ethanolic (15.4 g)
extracts respectively 21.
Chromatographic separation: The ethyl acetate
extract was chromatographed on a silica gel
column, briefly the column was packed with fine
grade silica gel (mesh 60-120) used as the packing
material. A column having 40 cm length and 3 cm
in diameter was packed with the silica gel (70 gm)
up to a height of 23 cm under reduced pressure.
The column was prepared using wet packing
method in hexane, silica gel washed with n-hexane
to facilitate compact packing. The sample was
prepared by adsorbing 5 gm of ethyl acetate soluble
extract onto silica gel (silica gel, mesh 60-120),
allowed to dry and subsequently applied on top of
the adsorbent layer. The column was then eluted
with n-hexane followed by mixtures of n-hexane
and ethyl acetate and ethyl acetate and methanol.
The polarity was gradually increased by adding
increasing proportions of ethyl acetate and
methanol.
A total of 30 fractions were collected each in 100
ml conical flask. Fractions that showed identical
behaviour in thin layer chromatography (TLC)
were combined. The pre-coated TLC plates
developed with n-hexane, chloroform and ethyl
acetate (98:20:2 v/v) showed a violet spot at a Rf
value of 0.52 when sprayed with anisol-sulphuric
acid reagent and heated at 110 ºC for 5 minutes 22.
White crystals deposited on the walls after further
purification of fraction. These crystals produced a
single spot on TLC, confirmed to be a single
compound, Co-TLC with authentic sample and
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chemical characterization using UV, IR NMR and
Mass spectral studies for structure elucidation.
Test for steroid:
Salkowski reaction: A few crystals of compound
were dissolved in chloroform and a few drops of
concentrated sulphuric acid were added to the
solution, the compound formed a reddish colour in
the upper chloroform layer indicating presence of
steroids 23.
Liebermann-Burchard reaction: A few crystals
of compound were dissolved in chloroform and few
drops of concentrated sulphuric acid were added to
it followed by the addition of 2-3 drops of acetic
anhydride. In this case compound turned to violet
blue and finally formed green colour which
indicates the presence of steroids 23.
Spectroscopic characterization: Pure crystals
were subjected to mass spectral analysis was
performed using a Micromass spectrometer
(Waters, Micromass, and UK). IR spectra were
recorded on a Perkin-Elmer Inc., Hercules, CA,
USA) spectrophotometer. 1H NMR and the 13C
NMR: NMR spectra were recorded in CDCl3 on a
FT-NMR spectrometer 500 MHz, Unity Inova,
Varian, Germany instrument using Dutrinated
chloroform (CDCl3) as an internal standard. The
melting point was measured using a differential
scanning calorimeter (DSC) on a Perkin-Elmer
(PE-Pyris series, Norwalk, CT, USA).
Animals: Swiss albino mice (20–30 g) of either sex
were used. Animals were assigned to groups and
maintained at controlled room temperature (25–
28°C). All the experimental procedures were
carried out according to IAEC.
Immunomodulatory activity:
Haemagglutinating antibody (HA) titre: Mice
were divided into four groups each containing six
mice. Group I control sodium carboxy methyl
cellulose (0.5%, p.o.). Group II Standard drug
levamisole (50 mg/kg, p.o.). Group III and IV were
given fraction I and II of ethyl acetate extract of
(50 mg/kg p.o.) for eight days (day 0 to day 7) after
sensitization with sheep red blood cells (0.1 ml of
sheep RBC suspension containing 1x 108 cells i.p.).
Antibody levels was determined by the
haemagglutination technique on 7th and 14th day
21
.
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Delayed type hypersensitivity (DTH): After
sensitization with sheep RBC on day +7, in the
right hind foot pad, the thickness was measured at
0, 3, 24 and 48 h. The difference was taken as the
measure of DTH response 21.
Statistical analysis of data: All the data were
expressed as mean ± S.D. Statistical evaluation was
carried out using one-way ANOVA followed by
Tukey’s test using “Graphpad Instat” version 3.00
for windows, Graphpad software, San Diego,
California, USA. The values of p < 0.05 were
considered to be statistically significant. All
experiments were done in quadruplicates.
RESULTS AND DISCUSSION:
Chemical structure and analysis of β-sitosterol:
The compound was obtained as a white crystalline
compound with melting point 135-137ºC which
gave positive test for steroids. Dried crystals were
reconstituted in ethyl acetate and spotted on silica
TLC plates.
Phytochemical analysis: Salkowski’s test and
Lieberman-Burchard test of the compound confirm
its steroidal nature 23.
Identification of compound: White powder (65
mg); mp: 135-137°C; 1H NMR (CDCl3, 500
MHz); 13C NMR (CDCl3, 500 MHz); MS (m/z):
414(M+), 396,381, 329, 303, 289, 273, 255, 231,
213, 199, 173, 159, 145, 119, 95, 81, 69, 55
Immunomodulatory activity:
Primary and secondary antibody titre: The HA
titre was used to assess humoral immune response.
Fraction EA I showed increased augmentation in
both primary and secondary antibody titre value as
compared to fraction EA II observed in mice
(Table 1).
Delayed type hypersensitivity: The cell-mediated
immune response was assessed by DTH reaction
i.e. foot pad reaction. T cell dependent antigen
revealed the stimulatory effect of ethyl acetate
extract. Both the fractions showed increase in
delayed
type
hypersensitivity
reactions.
Comparatively fraction EA I showed more DTH
phenomenon as compared with fraction EA II
(Table 2).
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TABLE 1: EFFECT OF C. PROCERA EXTRACTS ON PRIMARY AND SECONDARY ANTIBODY TITRE IN MICE.
S No.
Groups
Treatment
Antibody titre
Mg/kg, p.o.
1º HA titre
2 º HA titre
I
Control
91.91 ± 2.15
103.34 ± 1.85
II
Levamisole
50
254.75 ± 2.20a
365.42 ± 1.34a
a
III
EA I
50
201.29 ± 2.35
296.51 ± 1.45b
a
IV
EA II
50
179.58 ± 2.04
267.52 ± 2.34a
a
b
Values are mean ± S.D. P < 0.01, highly significant; P <0.05, significant as compare to control. Tukey-Kramer test (n=6)
TABLE 2: EFFECT OF CALOTROPIS PROCERA LATEX ETHYL ACETATE FRACTIONS ON FOOT PAD
REACTION OF ANTIGENICALLY CHALLENGED MICE.
S No.
Groups
Treatment
Change (Δ) in foot paw diameter (in mm)
Mg/kg, p.o.
0h
3h
24 h
48 h
I
Control
1.62 ± 0.17
3.40 ± 0.10
2.45 ± 0.10
2.19 ± 0.27
II
Levamisole
50
1.58 ± 0.14
3.61 ± 0.16
2.92 ± 0.11a
2.77 ± 0.26a
a
III
EA I
50
1.52 ± 0.15
3.36 ± 0.18
2.63 ± 0.16
2.27 ± 0.15ns
b
IV
EA II
50
1.59 ± 0.23
3.17 ± 0.17
2.37 ± 0.19
2.02 ± 0.12c
a
b
Values are mean ± S.D. P < 0.01, highly significant; P <0.05, significant as compare to control. Tukey-Kramer test (n=6)

DISCUSSION: Presence of β-sitosterol was
detected on plates as the pink spot at the Rf value of
0.58 (hexane:ethyl acetate:chloroform, 90:10:20,
v/v) which is similar to the earlier reported by
Karan et al., 2012 16.
The molecular ion was 381 (M−H)- in the negativeion ESI-MS spectra, confirmed the molecular
weight of the EA-I as m/z 414. The molecular
formula of C29H50O was established from elemental
analysis with the C:H:O ratios of 10:14:1. The
isolated compound was identified as β-sitosterol
(Fig. 1) by FT-IR, 1H-NMR, 13C NMR spectra,
and by comparing the spectral data with the
published values by Bulama et al., 2015 24.
Since, the NMR machine indicated steroidal
nucleus and the compound gives positive test for
steroids so all of the other structures other than
steroids were rejected. From the functional group
analysis, the oxygen present is in the form of
hydroxyl group, which is also supported by IR
spectroscopy (Shimadzu, IR). This implies
presence of one double bond in the structure 25. So,
the steroids with other functional groups were
rejected. Also on considering the nature of oxygen
as hydroxyl and presence of one double bond, the
general formula for the compound is CnH2n-6.
The IR spectrum of compound exhibit
characteristic absorption band at 3500 – 3100 cm-1
that is O-H stretching. Absorption at 2918.30 and
2850.79 cm-1 is due to aliphatic C-H stretching or
(CH3). Other frequencies include 1734.01 cm-1 as a
result C=C stretching, however this band was weak

at 1458.18 cm-1 which is bending frequency for
cyclic (CH2)n and 1377.17 cm-1 for CH bending.
The frequency at 1080.14 cm-1 is due to CO
stretching. The out of plane C-H vibration of
unsaturated part was observed at 881.47 cm-1.
Similar results were reported by Ahmed et al.,
(2013) 25, in which IR peaks were obtained at
3421.72, 2935.66, 2866.22, 1653.00, 1458.18,
1375.25, 1062.78, 883.40, 800.46 cm-1.
β-sitosterol is an ancient molecule in plant
kingdom. Simple sterols have evolved into more
complex forms from single cellular organisms to
vascular plants. As shown in the literature, fungi,
algae and protozoa, synthesize 24β- methyl sterols
or ergosterols, while plants synthesize 24 α- ethyl
sterols like sitosterols 26. The β - sitosterol is
reported to be present in other Calotropis species
(Calotropis gigantia) 27. Literature review also
revealed us that β- sitosterol was isolated and
purified by different chromatographic methods
from diverse plant families like Lamiaceae
(Labiatae): H calycinus, S hypoleuca; Asteraceae
(Compositae):
A
tenuifolia;
Apiaceae:
(Umbelliferae) L staurophyllum, F subvelutina;
Rosaceae: G iranicum, Rubiaceae: Knoxia
valerianoids; Fabaceae (Leguminisae): T uniflora;
Gracilariaceae (marine algae): G persica;
Zingiberaceae: A galangal; Tiliaceae: T americana;
Cucurbitaceae: M charantia, C indica; Solanaceae:
S xanthocarpum L chinensis; Acanthaceae: H
spinos, Moraceae: F cordata; Rhamnaceae:
Zizyphusspina-christi;
Polygonaceae:
C
7
acrostichoides, Vitaceae: Vitis vinifera .
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Several biological effects have been described for
stigmast-5-en-3β-ol. This pentacyclic triterpene
was found to inhibit Staphylococcus MRSA,
Streptococcus, Bacillus, Corynebacterium vulgaris,
Pseudomonas, Salmonella, Shigella, Candida.
While the MBC/MFC was minimum for Bacillus,
Salmonella and Shigella at 25μg/ml, and
Staphylococcus, Streptococcus, Coryne bacterium,
Proteus, Proteus, Candida at 50μg/ml 17.
In a study the effect of β- sitosterol and its
glycoside on the pig immune system was reported.
BSS
increased
viable
peripheral
blood
mononuclear cell (PBMC) numbers and it activated
swine dendritic cells (DCs). Pigs exhibited some
changes in immunological parameters, such as the
proliferation
ability
of
PBMC
after
phytohemaglutinin stimulation and increased
apolipoprotein A1 plasma concentration which may
contribute to enhance PRRSV vaccine response 28.
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acetate extract was subjected to further studies for
evaluating its immunomodulatory potential.
CONCLUSION: From the above findings, βsitosterol, a pentacyclic triterpene was isolated and
characterized for the first time, from the latex of
Calotropis procera and chemical structures
elucidated respectively. It was carried out by means
of various physical (solvent extraction, TLC, CC)
and spectral techniques, column and thin layer
chromatographic analysis proved the compound to
be a tri-terpenoid. Results of the UV-Vis, FTIR 1H,
C13 NMR and MASS spectral data indicated the
triterpenoid to be β-sitosterol (m.p. 135–137°C,
uncorrected).
REFERENCES:

In another activity the phytosterols, β- sitosterol,
and its glucoside enhance the in-vitro proliferative
response of T-cells by phytohaemagglutinin, In
vitro essential sterolin formulation (ESF- 1 mg/ml)
was able to significantly enhance NK-cell activity.
29
.
In-vivo effect of β-sitosterol in a model of delayedtype hypersensitivity (DTH) was tested. The
obtained results in DTH are showed in Table 2.
The extract inhibited the oedema at 24 hours but
this effect was not maintained until the end of the
assay. AT and DTH response was performed to
find out effect on the specific as well as nonspecific
immune functions. SRBCs as antigen is used to
sensitize them for elicitation of DTH and also
induce antibody formation, therefore it enables two
components of immune responses to be measured
in the same species under ideal condition 30. The
humoral immunity involves interaction of B cells
with the antigen and their subsequent proliferation
and differentiation into antibody secreting plasma
cells 31.
In the previous study, the ethyl acetate extract of
latex of Calotropis procera showed good
immunomodulatory activity 21. Therefore it was
further fractionated to obtain the compound
responsible for such activity. The β - sitosterol
which constituted up to 21% of the total ethyl
International Journal of Pharmaceutical Sciences and Research

1.

Bharti S, Wahane VD and Kumar VL: Protective effect of
Calotropis procera latex extracts on experimentally
induced
gastric
ulcers
in
rat.
Journal
of
Ethnopharmacology 2010; 127(2): 440-4.
2. Silva MCC, Batista da Silva A, Teixeira FM, Pereira de
Sousa PC, Rondon RMM, Honório Júnior JER, Sampaio
LRL, Oliveira SL, Holonda ANM and Mendes de
Vasconcelos SM: Therapeutic and biological activities of
Calotropis procera (Ait.) R. Br. Asian Pacific Journal of
Tropical Medicine 2010; 3 (4): 332–336.
3. Rahimi
MB:
Pharmacognostical
aspects
and
pharmacological activities of Calotropis procera. Bulletin
of Environment, Pharmacology and Life Sciences 2015; 4
(2): 156-162.
4. Kumar VL, Chaudhary P, Oliveira RM and Ramos MV:
Calotropis procera latex proteins ameliorate functional
limitations associated with adjuvant induced inflammation
in rat. Musculoskeletal Biology 2014; 1:1.
5. Manoorkar VB, Mandge SV and BD Gachande:
Antifungal activity of leaf and latex extracts of Calotropis
procera (Ait.) against dominant seed-borne storage fungi
of some oil seeds. Bioscience Discovery 2015; 6(1):22-26.
6. Singhi M, Purohit A and Dixit AK: Calotropis procera as
bio–larvicide for the control of mosquito vectors in clean
and polluted water breeding habitats. Indian Journal of
Applied Research 2016; 6(5):1-6.
7. Saeidnia S, Manayi A, Gohari AR. and Abdollahi M: The
Story of Beta-sitosterol- A Review. European Journal of
Medicinal Plants 2014; 4(5): 590-609.
8. Nirmal SA, Pal SC, Mandal SC and Patil AN: Analgesic
and anti-inflammatory activity of β-sitosterol isolated from
Nyctanthes arbortristis leaves. Inflammopharmacology
2012; 20(4): 219-24.
9. Manayi A, Saeidnia S, Ostad SN, Hadjiakhoondi A, Shams
Ardekani MR, Vazirian M, Akhtar Y and Khanavi M:
Chemical constituents and cytotoxic effect of the main
compounds of Lythrum salicaria L. Verlag der Zeitschrift
für Naturforschung 2013; 68: 367-75.
10. Ovesna Z, Vachalkova A and Horvathova K: Taraxasterol
and beta-sitosterol: new naturally compounds with
chemoprotective/ chemopreventive effects. Neoplasma
2004; 51: 407-14.

1379

Parihar and Balekar, IJPSR, 2017; Vol. 8(3): 1375-1380.
11. Zak A, Zeman M, Vitkova D, Hrabak P and Tvrzicka E:
Beta-sitosterol in the treatment of hypercholesterolemia.
Cas Lek Cesk 1990; 129: 1320-3.
12. Moon EJ, Lee YM, Lee OH, Lee MJ, Lee SK, Chung MH,
Park YI, Sung CK, Choi JS and Kim KW: A novel
angiogenic factor derived from Aloe vera gel: βSitosterol, a plant sterol. Angiogenesis 1999; 3: 117-23.
13. Paniagua-Perez R, Madrigal-Bujaidar E, Reyes-Cadena S,
Molina-Jasso D, Gallaga JP, Silva-Miranda A, Velazco O,
Hernández N and Chamorro G: Genotoxic and cytotoxic
studies of beta-sitosterol and pteropodine in mouse.
Journal of Biomedicine and Biotechnology 2005; 5:242-7.
14. Keawsa-ard S, Liawruangrath B and Kongtaweelert S:
Bioactive Compounds from Mesua ferrea Stems. Chiang
Mai Journal of Science 2015; 42(1): 185-195.
15. Nualkaew S, Padee P and Talubmook C: Hypoglycemic
activity in diabetic rats of stigmasterol and sitosterol-3-Oβ -D-glucopyranoside isolated from Pseuderanthemum
palatiferum (Nees) Radlk. leaf extract. Journal of
Medicinal Plants Research 2015; 9(20): 629-635.
16. Karan SK, Mishra SK, Pal K and Mondal A: Isolation of
β-sitosterol and evaluation of antidiabetic activity of
Aristolochia indica in alloxan-induced diabetic mice with
a reference to in-vitro antioxidant activity. Journal of
Medicinal Plants Research 2012; 6(7): 1219-1223.
17. Yinusa I, George NI, Ayo RG and Rufai Y: Evaluation of
the pharmacological activities of beta sitosterol Isolated
from the bark of sarcocephalus latifolius (smith bruce).
Global Journal of Pure and Applied Chemistry and
Research 2015 ; 3(3): 7-14,
18. Wilt TJ, MacDonald R and Ishani A: Beta-sitosterol for
the treatment of benign prostatic hyperplasia: a systematic
review. BJU International 1999; 83: 976-83.
19. Meshram GA, Metangale GS, Khamkar S and Kulkarni T:
Isolation of sterols from Ocimum sanctum L. leaves and
it’s inhibitory action on glucoamylase in vitro. European
Journal of Pharmaceutical and Medicinal Research 2016;
3(3): 341-345.
20. Shi C, Wu F, Zhu X and Xu J: Incorporation of β-sitosterol
into the membrane increases resistance to oxidative stress
and lipid peroxidation via estrogen receptor-mediated
PI3K/GSK3β signaling. Biochimica et Biophysica Acta
2013; 1830: 2538-44.
21. Parihar G and Balekar N: Immunomodulatory activity of
ethyl acetate fraction of Calotropis procera latex in mice.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

International Journal of Pharmaceutical Science and
Research DOI: 10.13040/IJPSR. 0975-8232, 2015, 707710, 0975-8232.
Balekar N, Nakpheng T, Katkam NG and Srichana T:
Wound healing activity of ent-kaura-9(11), 16-dien-19-oic
acid isolated from Wedelia trilobata (L.) leaves.
Phytomedicine 2012; 19: 1178– 1184.
Harborne JB: Phytochemical Methods: A Guide to Modern
Techniques of Plant Analysis. Chapman and Hall, London,
Edition 3, 1998: 129-138.
Bulama JS, Dangoggo SM and Mathias SN: Isolation and
characterization of Beta-Sitosterol from ethyl acetate
extract of root bark of Terminalia glaucescens.
International Journals of Scientific Research Publictions
2015; 5(3): 1-3.
Ahmed Y, Rahman S, Akhtar P, Islam F, Rahman M and
Yaakob Z: Isolation of steroids from n-hexane extract of
the leaves of Saurauia roxburghii. International Food
Research Journal 2013; 20(5): 2939-2943.
Neelakandan AK, Song Z, Wang J, Richards MH, Wu X,
Valliyodan B, Nguyen HT and Nes WD: Cloning,
functional expression and phylogenetic analysis of plant
sterol 24C-methyltransferases involved in sitosterol
biosynthesis. Phytochemistry 2009; 70: 1982-98.
Habib MR, Nikkon F, Rehman M, Haque ME and Karim
MR: Isolation of stigma sterol and B sitosterol from
methanolic extract of root bark of Calotropis procera.
Pakistan Journal of Biological Sciences 2007; 10 (22):
4174-76.
Fraile L, Crisci E, Córdoba L, Navarro MA, Osada J and
Montoya M: Immunomodulatory properties of Betasitosterol in pig immune responses. International
Immunopharmacology 2012; 13: 316–321.
Bouic PJD, t Etsebeth S, t Liebenberg RW, Albrecht CF, t
Pegel K and Van Jaarsveld PP: Beta-sitosterol and betasitosterol glucoside stimulate human peripheral blood
lymphocyte proliferation: Implications for their use as an
immunomodulatory Vitamin combination. International
Journal of Immunopharmacology 1996; 18(12): 693-700.
Doherty NS: Selective effects of immunosuppressive
agents against the delayed hypersensitivity response and
humoral response to sheep red blood cells in mice. Agents
Action 1981; 11(3): 237-242.
Kuby J: Immunology. WH Freeman & Company, New
York, Edition 5, 1997: 436-42.

How to cite this article:
Parihar G and Balekar N: Isolation and characterisation of stigmast-5-en-3-ol (β-sitosterol) from Calotropis procera latex ethyl acetate
fraction for immunomodulatory activity. Int J Pharm Sci Res 2017; 8(3): 1375-80.doi: 10.13040/IJPSR.0975-8232.8(3).1375-80.
All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google
Playstore)

International Journal of Pharmaceutical Sciences and Research

1380

