
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: Peter.Masoko@ul.ac.za; 

 
 

European Journal of Medicinal Plants 
10(2): 1-11, 2015, Article no.EJMP.18172 

ISSN: 2231-0894 
 

SCIENCEDOMAIN international 
             www.sciencedomain.org 

 

 

Isolation and Chemical Structural Characterization 
of the Mixture of Two Related Phytosterols from 

Ricinus communis L. (Euphorbiaceae) Leaves 
 

Peter Masoko1* and Vutshilo Nemudzivhadi1 
 

1
Department of Biochemistry, Microbiology and Biotechnology, University of Limpopo,  

Private Bag X1106, Sovenga, 0727, South Africa. 
 

Authors’ contributions  
 

This work was developed in collaboration by the both authors. Author PM conceived the project and 
wrote the final draft of the manuscript and was responsible for the overall laboratory work, data 

analysis and data interpretations. Author VN did the isolation of active compounds and biological 
assays. Both authors read and approved the final manuscript. 

 
Article Information 

 
DOI: 10.9734/EJMP/2015/18172 

Editor(s): 
(1) Marcello Iriti, Professor of Plant Biology and Pathology, Department of Agricultural and Environmental Sciences, Milan State 

University, Italy. 
Reviewers: 

(1) Anonymous, Universiti Malaysia Kelantan, Malaysia. 
(2) Ayona Jayadev, Department of Environmental Sciences, University of Kerala, Kerala, India. 

(3) Maria Luisa Kennedy, Universidad Nacional De Asunción, Paraguay. 
(4) Amit Kumar Tyagi, The University of Texas, MD Anderson Cancer Center, USA. 

Complete Peer review History: http://sciencedomain.org/review-history/10446 

 
 
 

Received 9
th

 April 2015  
Accepted 13th May 2015 

Published 8
th

 August 2015 

 
 

ABSTRACT 
 

Aim: Ricinus communis, a member of the family Euphorbiaceace, is widely used in South African 
traditional medicine for the treatment of wounds, sores and boils. The plant was selected based on 
a high antibacterial activity demonstrated in a previous In vitro study. There is a need to isolate 
compounds that are responsible for antibacterial activity of R. communis leaves.  
Methodology: The leaves of R. communis were milled to a fine powder and sequentially extracted 
with n-hexane, dichloromethane, acetone, and methanol using a serial exhaustive extraction 
method. Thin layer chromatography was used to analyse the phytochemical components of the 
extracts and bioautography for the presence of antibacterial compounds. A pure compound was 
isolated using column chromatography coupled with preparative thin layer chromatography and the 
structure was elucidated by nuclear magnetic resonance.  
Results: Hexane extracts had potent antibacterial activity against Escherichia coli and 
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Enterococcus faecalis and low activity against Pseudomonas aeruginosa and Staphylococcus 
aureus. The average minimum inhibitory concentration value of hexane crude extracts was 0.47 
mg/ml, followed by extracts of dichloromethane (0.94 mg/ml), acetone (0.39 mg/ml) and methanol 
(1.49 mg/ml). The bioassay guided fractionation of the hexane extract led to the successful 
isolation of compound 1 at the Rf value of 0.40. Compound 1 was identified as a mixture of 
stigmasterol and β-sitosterol.  
Conclusion: Compound 1 lost its antibacterial activity during the purification process.  This may 
lend support to the theory that some compounds present in plant extracts act synergistically to give 
a particular biological activity. This study represents the first report of the isolation of stigmasterol 
and β-sitosterol from the leaves of R. communis. 
 

 
Keywords: Ricinus communis; antibacterial; minimum inhibitory concentration; bioautography; 

stigmasterol; β-sitosterol. 
 

1. INTRODUCTION 
 
Over thousands of years ago, people from rural 
areas especially in South Africa and other 
developing countries relied on herbs as a primary 
source of medicines. To date, large groups of 
people in South Africa still prefer the use of 
African herbal medicines over Western 
medicines provided by the public health sector. 
Moreover, medicinal plants still continue to serve 
as a source of new potent remedies and natural 
product drugs in modern medicines. Of all 
modern medicines, it is said there is more than 
50% natural products and their derivatives 
presently used as modern drugs globally [1,2]. 
For example, Aspirin, digitalis, quinine, diosgenin 
and opium are some of the drugs isolated from 
different species of plants [3]. More specifically, 
diosgenin has been derived from Dioscorea 
species and used to synthesize contraceptive 
agents [3]. Quinine has been isolated from the 
barks of Cinchona species and used as a 
template for the synthesis of quinoline 
antimalarial drugs such as chloroquine, 
amodiaquine and mefloquine [4]. While, 
vinblastine, vincristine and taxol are antitumor 
drugs that were isolated from medicinal plants 
and these drugs are currently used for 
chemotherapy of some cancers [5]. 
 
Now a days, scientists are able to isolate 
bioactive compounds from plant parts such as 
leaves, roots, barks and stems used by 
traditional doctors as medicines. Plant extracts 
have successfully served as a source of drugs 
with various biological activities such as 
antibacterial, anti-inflammatory and antioxidant 
activity. Alkaloids, steroids, terpenoids and 
phenolic compounds are responsible for 
biological activities of plants. Isolation and 
purification of these compounds become a 
challenge because of a large number of 

phytochemical compounds present in plants               
[6-9]. The successful isolation of compounds with 
desired activity from plant extracts is determined 
through a number of bioassays. Even though, 
some compounds tend to lose activity with each 
step of purification because they may act 
synergistically to exhibit one biological activity. 
Once they are separated they lose activity.  
 
Ricinus communis (Castor oil) belongs to the 
family Euphorbiaceace. The castor oil plant is 
originally from Africa and is now found in all 
tropical countries including South Africa, India, 
Brazil and Russia. It grows wild in waste places 
[10,11], and is known for its therapeutic 
properties and biological activities in India and 
Africa. Some of the most well-known uses of the 
castor oil plant include its use as laxative, 
hepatoprotective and antidiabetic. Moreover, in 
India, castor oil is also used for combating fungal 
infections, relieving menstrual pains when 
applied on the lower abdomen and reducing 
stretch marks [12]. Its leaves are used for 
headache, inflammation, liver disorder, warts, 
dropsy and as a contraceptive herbal drug 
[12,13]. In South Africa, R. communis leaves are 
used for the treatment of wounds and have been 
reported for antibacterial activity against 
Staphylococcus aureus (ATCC 29213), 
Escherichia coli (ATCC 25922) and 
Pseudomonas aeruginosa (ATCC 27853) [14]. A 
recent study on the chemical constituents of the 
R. communis leaves revealed the presence of 
alkaloids, saponins, flavonoids and steroids [12]. 
Quercitin, gallic acid, gentisic acid, Ricinine (1-
methyl-3-cyano-4-methoxy-2-pyridine), rutin, and 
two flavonoid compounds; kaempferol-3-O-beta-
d-rutinoside and kaempferol-3-O-beta-d-
xylopyranoid are compounds that have been 
isolated from roots, stems and seeds of R. 
communis [15]. To date, there is no study which 
investigated the isolation of antibacterial 
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compounds in R. communis leaves. Hence, the 
present study was aimed at the isolation of 
antibacterial compounds from R. communis 
leaves through bioassay-guided fractions.  
 

2. METHODS AND MATERIALS  
 

2.1 Plant Collection  
 
R. communis leaves were collected in February 
of 2011 from the University of Limpopo (Turfloop 
campus), South Africa. Plant identity was 
confirmed by a specialist from the University of 
Limpopo Herbarium, Dr Brownyn Egan .The 
herbarium voucher number for the plant was 
UNIN 11352. As already, indicated in the 
introduction, the plant was selected based on its 
high antibacterial activity as reported in a 
previous In vitro study [16].  
 

2.2 Plant Storage  
 

The leaves were separated from twigs and dried 
at room temperature. Most scientists tend to use 
dried plant material because there are fewer 
problems associated with large scale extraction 
of compounds? from dried plants rather than 
from fresh plant materials [17]. The dried leaves 
were milled to fine powder and stored at room 
temperature in closed bottles in the dark until 
used for the extraction.  
 

2.3 Extraction Procedure  
 

Dried plant materials were sequentially extracted 
by suspending 1.125 kg of plant material starting 
with 5 L of hexane then, dichloromethane 
thereafter acetone and last, methanol in big glass 
bottle. Each time during the process, the bottles 
were vigorously shaken for overnight at a high 
speed of 300 rpm. Plant residues were allowed 
to settle and the supernatant was filtered and 
evaporated using a rotary evaporator (BÜCHi 
Labotec rotavapormodel R-205, Germany) and 
transferred into pre-weighed labeled glass 
beakers. The process was repeated three times 
to exhaustively extract the plant material and the 
extracts for each solvent were combined. After 
that, the solvent was removed under a stream of 
cold air at room temperature. Plant extracts were 
reconstituted using acetone to a final 
concentration of 10 mg/ml.  
 

2.4 Analysis of Extracts By TLC  
 

Ten microliters of 10 mg/ml plant extracts were 
loaded on a thin layer chromatography plates. 
Three separation systems of varying polarities 

were used to analyse plant extracts by thin layer 
chromatography (TLC) (Fluka, silica gel F254 
plates); benzene: ethanol: ammonium hydroxide 
(BEA) (36:4:0.4), chloroform: ethyl acetate: 
formic acid (CEF) (20: 16: 4) and ethyl acetate: 
methanol: water (EMW) (20:10.8: 8). 
Chromatograms were examined under ultraviolet 
light (254 and 365 nm) and sprayed with freshly 
prepared vanillin spray reagent (0.1 g vanillin, 28 
ml, methanol, 1 ml sulphuric acid) to visualised 
separated compounds. The plates were carefully 
heated at 110°C for optimal colour development 
[18].  
 

2.5 Antibacterial Activities  

 
2.5.1 Test microorganisms 

 

Four bacterial strains were obtained from the 
Department of Biochemistry, Microbiology and 
Biotechnology, Faculty of Science and 
Agriculture, University of Limpopo (Turfloop 
campus) and used as test organisms. Two 
Gram-negative bacteria (Escherichia coli ATCC 
25922 and Pseudomonas aeruginosa ATCC 
27853) and two Gram-positive bacteria 
(Enterococcus faecalis ATCC 29212 and 
Staphylococcus aureus ATCC 29213) were 
maintained on nutrient agar slants. The 
organisms were sub-cultured on nutrient broth, 
incubated at 37°C for 24 hours and stored at 4°C 
as stock cultures. Thereafter, the freshly 
prepared organisms were used for the following 
antibacterial assays.  

 

2.5.2 Qualitative antibacterial assay by 
bioautography 

 

The antibacterial compounds present were 
determined by bioautography using a method 
described by Begue and Kline [19]. Twenty 
microliters of 10 mg/ml plant extract was loaded 
on the TLC plates. The plates were developed in 
mobile phases as described earlier. 
Chromatograms were dried at room temperature 
for about four days to remove solvents used to 
develop chromatograms. The chromatograms 
were sprayed with overnight cultures until 
completely wet and incubated at 37°C for 24 
hours. Plates were sprayed with 2 mg/ml of p-
iodonitrotetrazolium violet (INT) (Sigma®) and 
further incubated for 2 hours.  White areas 
against pink background indicate where 
reduction of INT to the coloured formazan did not 
take place due to the presence of compounds 
that inhibited the growth of tested bacteria.  
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2.5.3 Quantitative antibacterial assay by 
minimum inhibitory concentration 

 
The MIC value of plant extracts was determined 
by a serial dilution method microplate assay 
method using p-iodonitrotetrazolium violet to 
indicate growth of bacteria as described by Eloff 
[16]. The MIC was recorded as the lowest 
concentration of the extract that inhibited bacteria 
growth after 24 hours. 
 
2.6 Isolation by Column Chromatography 
 
Hexane fraction (53.84 g), which had the highest 
total antibacterial activity, was subjected to 
fractionation though silica gel 60 in an open 
column chromatography (40 x 6 cm) and eluted 
with mixtures of increasing polarity of 
hexane/ethyl acetate and ethyl acetate/methanol 
(2 L/fraction). Eluted fractions were collected, 
concentrated and analysed by TLC and 
bioautography. Active fractions eluted by 70% 
hexane in ethyl acetate, 50% hexane in ethyl 
acetate and 80% ethyl acetate in methanol were 
combined and subjected to another column (31 X 
6 cm) filled with silica gel 60 and eluted with 90% 
dichloromethane in ethyl acetate. Forty-eight 
fractions (250 ml) were collected and pooled 
together based on analytical TLC results. One 
group of fraction (13 - 25) was combined and 
subjected to repeated column chromatography 
filled with silica gel 60 (63- 200 mm) (Merck) and 
eluted with 90% dichloromethane in ethyl 
acetate. One hundred and one fractions were 
collected in test tubes, analysed and regrouped 
based on analytical TLC data. One group of 
fractions (1 - 5) was obtained and further purified 
by preparative TLC plates.  
 
2.7 Preparative Thin Layer 

Chromatography Plates 
 
About 2.3027 mg obtained from column 
chromatography was further purified by 
preparative TLC silica gel glass plates (Merck, 
Silica gel 60 F254) separated with 90% 
dichloromethane in ethyl acetate. Separated 
bands were visualized under ultraviolet light (254 
and 360 nm) before a small part of the plate was 
sprayed with vanillin sulphuric acid and heated at 
110

o
C. The rest of the compound on the plates 

was protected with glass and an aluminum foil 
against the damage by vanillin sulphuric acid 
spraying reagent and heat. The visualized band 
on the side of the plate was used as reference 
line for scraping the remaining compound on the 
plate with glass rod. The components were 

collected, crushed, subjected into a glass 
Pasteur pipette plugged with cotton cool, washed 
with 90% dichloromethane in ethyl acetate to 
remove mixture of compound 1. The process 
was repeated three to four times to until the 
compound was fully recovered from the powder 
silica gel. The solvents were evaporated, 
weighed and transferred into a vial labeled 
compound one.  

 

3. RESULTS AND DISCUSSION 

 

Crude extracts were quantitatively tested for 
antibacterial activity against E. coli, E. faecalis, 
P. aeruginosa, and S. aureus using microbroth 
dilution method to determine the minimum 
inhibitory concentration values (Table 1).  The 
average minimum inhibitory concentration value 
of hexane crude extracts was 0.47 mg/ml, 
dichloromethane (0.94 mg/ml), acetone (0.39 
mg/ml) and methanol (1.49 mg/ml). Bioassay-
guided fractionation in open column 
chromatography resulted in the successful 
isolation of two related phytosterol compounds 
from R. communis leaves. The highest 
antibacterial activity against tested 
microorganisms was observed in hexane 
extracts. About 53.54 g of hexane extracts was 
fractionated as described and illustrated in 
Scheme 1. Out of 53.54 g of R. communis 
hexane extract used, 40.253 g was collected 
using different eluent systems. The fractions 
were separated by TLC plates developed in BEA 
and sprayed with vanillin spraying reagent to 
determine their composition (Fig. 1). Fractions 
were developed in the BEA separation system 
because more compounds were observed when 
using BEA in our previous study [16]. Fractions 
were also assayed for antibacterial activity 
against E. coli using bioautography (Fig. 2). We 
also tested fractions against P. aeruginosa and 
S. aureus and both organisms were resistant to 
all the fractions (data not shown). Antibacterial 
compounds were revealed in 90% hexane in 
ethyl acetate to 100% methanol. Fractions were 
pooled together based on the phytochemical 
results and bioautogram making three different 
fractions: 90% hexane in ethyl acetate to 80% 
hexane in ethyl acetate, 70% hexane in ethyl 
acetate to 80% ethyl acetate in methanol and 
70% ethyl acetate in methanol to 100% 
methanol. About 10 g of second fraction 70% 
hexane in ethyl acetate to 80% ethyl acetate was 
further fractionated using 90% dichloromethane 
in ethyl acetate. These fractions were active 
against E. coli and E. faecalis.  
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Fig. 1. Chromatogram of Ricinus communis hexane extracts fractionated by 100% hexane 
increasing polarity with ethyl acetate until 100% methanol. Chromatogram was developed in 

BEA (Benzene: ethanol: ammonium hydroxide) solvent system and sprayed with  
vanillin-sulphuric to show compounds isolated with different eluent systems 

 

 
 

Fig. 2. Bioautogram of Ricinus communis hexane extracts fractionated by 100% hexane 
increasing polarity with ethyl acetate until 100% methanol. Chromatogram was eluted by BEA 

and sprayed with Escherichia coli. White areas indicate where reduction of  
p-iodonitrotetrazolium (INT) to the coloured formazan did not take place due to the presence of 

antibacterial compounds that inhibited the growth of Escherichia coli 
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Scheme 1. Overview of isolation process of compound 1 

Compound 1 (102.3 

mg) 

Serial exhaustive extraction 

R. communis 
1.125 kg 

Hexane extract 
53.54 g 

DCM extract 
32.28 g 

Acetone extract 
19.61 g 

Methanol extract 
123.45 g 

A- C 

D 
3.5276 g 

J 
0.8906 

K - O 
E, F, G, H, I 

7.3671 g 

10 g 

70% Hex: EA 50% Hex: EA 80% EA: MeOH 

90% DCM: EA 

1 2 3 4 5 

2.3027 g 

90% DCM: EA 

a e d b c 

NMR & MS 

Prep- TLC Plates 

90% DCM: EA 
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Table 1. Minimum inhibitory concentration (MIC) values of R. communis leaf extracts against four tested microorganisms after incubation at 37
o
C 

for 24 hours 
 

Microorganisms MIC values (mg/ml) 
Hexane Dichloromethane Acetone Methanol Ampicillin 

I II III I II III I II III I II III  
E. coli 0.31 0.47 0.31 1.25 0.94 0.94 0.31 0.31 0.47 0.94 1.56 3.75 0.08 
P. aeruginosa 0.47 0.47 0.63 0.63 0.63 0.63 0.31 0.31 0.31 0.47 0.63 0.47 0.13 
E. faecalis 0.63 0.63 0.63 1.25 0.63 1.25 0.31 0.47 0.63 1.25 1.88 1.88 0.16 
S. aureus 0.31 0.31 0.31 0.94 0.94 1.25 0.47 0.47 0.31 1.25 1.25 2.50 0.16 
Average 0.43 0.47 0.47 1.02 0.79 1.02 0.35 0.39 0.43 0.98 1.33 2.15 0.13 
Total average 0.47 0.94 0.39 1.49  
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The aim of this project was to isolate the 
antibacterial compound which was present in 
three fractions (Fig. 1). After the purification of 
the antibacterial compound, the active compound 
appeared pink on TLC plate after spraying with 
vanillin sulphuric acid reagent (Fig. 3). 
Consequently, the pink compound at Rf of 0.39 
was targeted for isolation. Compound 1 was 
ultraviolet light active, fluorescing in wavelength 
365 nm and quenching fluorescence (black 
colour) at a wavelength of 254 nm. Column 
chromatography followed by preparative TLC 
plates led to the successful isolation of 
compound 1 at the Rf value of 0.40, developed in 
90% dichloromethane in ethyl acetate (Fig. 4). 
Compound 1 precipitated as a white powder after 
removing solvents (90% dichloromethane in ethyl 
acetate) under a stream of cold air. Compound 1 
dissolved completely in both 100% chloroform 
and 90% dichloromethane in ethyl acetate. About 
102.3 mg of compound 1 was obtained from 
53.54 g R. communis hexane extract. Compound 
1 was assayed for antibacterial activity and the 
activity was seen to be lost. After NMR analysis, 
compound 1 was revealed as the mixture of two 
related compounds. The structure of compound 1 
was elucidated by using NMR data. Two types of 
peaks were observed from the DEPT–NMR data, 
labeled major (1a) and minor (1b) peaks and 1H–
NMR data of 1a and 1b were similar. DEPT–
NMR data revealed that 1a and 1b possessed 
nine and eleven CH2, eleven and nine CH, 
respectively. The 

13
C–NMR data of compound 1 

were similar to those recorded for stigmasterol 
(1a) and β-sitosterol (1b) [20] (Fig. 4). 
Spectroscopic data were analysed from Table 2. 
 
Stigmasterol (Stigmasterin 1a) and β-sitosterol 
(Stigmast-5-en-3-ol 1b) are well known and have 
been previously isolated from R. communis. 
Stigmasterol was first isolated from ether extract 
of seeds of R. communis and reported for 
significant antifertility activity [21,22]. 
Stigmasterol and β-sitosterol have also been 
isolated from roots of R. communis [23,24], 
however in the present study it is the first time 
that the two compounds were isolated from the 
leaves of R. communis. Stigmasterol and β-
sitosterols possess antitumor activity, cholesterol 
lowering activity, antibacterial activity and anti-
inflammatory activity [25-27]. Stigmasterol and β-
sitosterols were also isolated from the leaves of 
Rubus suavissimus, which has been used to 
make a beverage leaf tea in China [28]. β-
sitosterol has been also isolated from the 
petroleum ether extract of Abutilon indicum and it 
revealed moderate larvicidal activity [27]. Gomes 

et al. [29] isolated the mixture of stigmasterol and 
β-sitosterols from the root extract of Pluchea 
indica, which has been used against snakebite. 
Saeidnia et al. [27] reported antibacterial activity 
of β-sitosterols against E. coli, P. aeruginosa and 
S. aureus using the disc diffusion method with 
the zone of inhibition ranging from 10 to 14 mm 
but there was no activity with MIC values above 
200 µg/ml. From the literature, it is not clear that 
β-sitosterols have antimicrobial activity because 
of the contradiction of results between the 
studies conducted. Some studies did not report 
on the antimicrobial activity of this compound 
[27,30,31]. In the present study compound 1 
(which is presented as mixture of 1a and 1b) lost 
its activity during the purification process. Our 
results agree with the studies reported that β-
sitosterol has no antimicrobial activity against 
tested microorganisms. The lack of antibacterial 
activity of compound 1 may be the proof that 
some of compounds act synergistically to give a 
particular biological activity as when they are 
separated they lose activity.  
 

 
 

Fig. 3. Chromatograms were developed in 
90% dichloromethane in ethyl acetate and 

sprayed with Escherichia coli (A) and vanillin 
sulphuric acid spraying reagent (B). The 
solvent (90% dichloromethane in ethyl 

acetate) was selected as the best elution 
system for isolation of targeted pink colour 
(antibacterial compound) at Rf value of 0.39 

from R. communis hexane extracts

A B 
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Table 2. 
13

C-NMR data of isolated compound 1 (400 MHz, chloroform-d) 
 

Position Stigmasterol [20] 1a β-Sitosterol [20] 1b 
1 37.3 37.2 37.3 37.2 
2 31.6 31.6 31.9 31.9 
3 71.8 71.9 71.8 71.9 
4 42.3 42.2 42.3 42.2 
5 140.8 140.7 140.8 140.7 
6 121.7 121.8 121.7 121.8 
7 31.9 31.9 31.9 31.9 
8 31.7 31.8 31.9 31.9 
9 50.2 50.1 50.2 50.1 
10 36.5 36.5 36.5 36.5 
11 21.1 21.0 21.2 21.0 
12 39.8 39.8 39.7 39.7 
13 42.3 42.3 42.2 42.3 
14 56.7 56.8 57.0 56.9 
15 24.3 24.3 24.4 24.4 
16 28.3 28.3 28.9 28.9 
17 56.1 56.0 56.8 55.9 
18 11.9 11.9 12.3 12.3 
19 19.4 19.4 19.4 19.4 
20 36.2 36.1 40.5 40.5 
21 18.8 18.8 21.2 21.2 
22 34.0 34.0 138.3 138.3 
23 26.1 26.0 129.3 129.6 
24 45.9 45.8 51.3 51.2 
25 29.2 29.1 31.9 30.9 
26 19.0 19.0 21.1 21.2 
27 19.8 19.8 19.0 18.9 
24

1
 23.1 23.1 25.4 25.4 

242 12.3 12.3 12.1 12.0 
 

 

 
 

Fig. 4. Chromatogram of 5 µl of compound 1 developed in 90% dichloromethane in ethyl 
acetate and sprayed with vanillin sulphuric acid spraying reagent 

 

  
(1a) Stigmasterol   (1b) β-Sitosterol 

 

Fig. 5. Compound 1, a mixture of two related phytosterol compounds, which were stigmasterol 
(1a) and β-sitosterol (1b) 
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4. CONCLUSION 
 
Antibacterial bioassay-guided fractionation led to 
successful isolation of compound 1 which was 
identified as a mixture of stigmasterol and β-
sitosterols. This is the first time that these two 
compounds were isolated from leaves of R. 
communis, although the activity of compound 1 
was lost during the purification process. It can be 
concluded that leaves of R. communis have 
similar compounds found in the roots. Therefore, 
to ensure that the plant species does not get 
extinct, traditional healers will be advised to use 
leaves instead of uprooting the plants. 
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