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The chloroform extract of the berries of Croton macrostachyus was subjected to column 
chromatography with chloroform: ethyl acetate mixture as eluting solvent that led to isolation of 
Crotepoxide. Evaluation of antleishmanial activity of crotepoxide against promatigotes and 
amastigotes form of L. aethiopica showed that the compound is less active as compared to the 
reference antileishamnial drugs (amphotericin B and miltefosine). Regardless of the observed 
activity, further in vivo tests are recommended before drawing any conclusion about the potential 
of the compound as a new antileishamnial drug candidate.   
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INTRODUCTION: Use of natural products for 
curing human diseases is as ancient and universal 
as medicine itself. Most of the currently available 
drugs for treatment of different human and animal 
diseases obtained from natural products especially 
medicinal plants [1-4]. Such drugs have been 
discovered after observing the medicinal use of a 
particular plant or its parts (leaves, roots, barks, 
fruits or seed or whole plant) by herbalists, and 
subsequent isolation of bioactive compounds from  
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the plant or part of the plant that was used    
traditionally for treatment of different human 
illnesses. 
Moreover, some compounds obtained from natural 
sources have also been used as leads or precursors 
that can be modified synthetically to improve their 
therapeutic activities [1,2]. Introduction and 
development of several new and highly specific in 
vitro bioassay techniques, chromatographic 
methods, spectroscopic techniques and other 
standardized pharmacological methods have also 
made it much easier to screen, isolate and identify 
potential drug compounds quickly and precisely 
from natural sources to alleviate human illnesses 
[5-8]. 
Though natural products (e.g., medicinal plants) 
have many medicinal uses, there are several 
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reasons that necessitate isolation and 
characterization of bioactive compounds from 
them. Some of the reasons are (i) distribution of 
medicinal plants is not uniform throughout the 
world to be used by people everywhere; (ii) most 
of the medicinal plants are under threat of 
extinction due to climate changes and population 
pressure [9,10]; (iii) isolation and purification of 
compounds from natural sources is tedious, 
expensive and time consuming process; and (iv) 
the need to identify the chemical compounds that 
are responsible for the observed medicinal value of 
the plant. Once, such compounds are known and 
their properties and structures determined they can 
be prepared synthetically without relying on 
plants. Moreover, the amounts of natural products 
(bioactive compounds) obtained from medicinal 
plants are very small. Thus, many plants should be 
destroyed to harvest significant quantities of such 
compounds for disease treatment [11,12]. All these 
facts necessitated isolation and characterization of 
bioactive compounds from medicinal plants in 
order to characterize those compounds, and 
subsequently synthesize them in large scales in 
laboratories or industries in reasonable costs 
[7,12].  
 
One of the plant species that is known for its 
medicinal use is Croton macrostachyus 
(Euphorbiaceae). The plant is native to some 
Eastern African countries such as Eritrea, Ethiopia, 
Kenya, Tanzania, Uganda and Nigeria. It is one of 
the eight Croton species found in Ethiopia [13]. In 
areas where it is native, the plant (or its parts) is 
used for treatment of several human health 
problems that include symptoms of diabetes [14], 
malaria [15-17], dysentery [18], stomachache[18], 
ascariasis and taeniasis [18,19], abdominal pain 
[20], gonorrhoea, wounds, ringworm infestation, 
hemmorhoids [21,22], venereal diseases [23], 
cough [23], rheumatism [24] and as a purgative in 
cases of ascariasis [22-24]. It is also used to stop 
bleeding in child birth [18]. The seeds are eaten to 
induce abortion [19] while the seed oil is used as a 
purgative [23]. In Ethiopia, the plant also has folk 
medicinal uses as purgative, various skin diseases, 
management of helminthes and venereal diseases, 

and to induce abortion [25-27]. These wide range 
of medicinal uses of Croton macrostachyus led 
scientists to isolate compounds from its different 
parts. Some of the compounds isolated from this  
plant include cyclohexane diepoxides such as 
crotepoxide (1) [28-31], lupeol (2) and betulin 
(3)[30,32-34], cis-clerodane (4), crotomacrine (5) 
[31], 3β-Acetoxy tetraxer-14-en-28-oic acid (6), 
trachyloban-19-oic acid (7), trachyloban-18-oic 
acid (8), neoclerodan-5,10-en-19,6β; 20,12-diolie 
(9), 3α,19-dihydroxy trachyloban (10), 3α,18,19-
triydroxy trachyloban (11) [32-34] (Figure 1).  
 
Some of the compounds isolated from different 
parts of the plant have been tested for their 
biological activities [35], and scientific 
investigations are still being carried out by 
different research teams to examine biological 
activities of crude extracts or pure compounds 
isolated from Croton macrostachyus, and most of 
them showed promising activities. In vitro 
anthelmintic activities of crude aqueous and hydro-
alcoholic extracts of the seeds of Croton 
macrostachyus were found to show significant 
activity on the egg and adult stage of H. contortus 
[36]. 
 
Albert et al. [37] reported analgesic and anti-
inflammatory properties of the aqueous and 
methylene chloride/methanol extracts of the stem 
bark of Croton macrostachyus. A recent report by 
Karunamoorthi and Ilango [38] showed larvicidal 
activity of Croton macrostachyus against 
Anopheles arabiensis Patton (a potent malaria 
vector). Its crude extract was found to demonstrate 
high activity against reference strain of N. 
gonorrhoeae (ATCC 49226) and mitogenic 
activity on human lymphocytes and mice spleen 
lymphocyts [21,39]. A reports by Desta et al. [40] 
and Taniguchi and Kubo [41] indicated 
antimicrobial and antifungal activities of methanol 
and dichloromethane extracts of the leaves and 
stem of Croton macrostachyus. There are reports 
describing molluscicidal activities of crude 
extracts of the plant [42-44]. There are also reports 
that show antimicrobial [45], and anticonvulsant 
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[46] activities of crude extracts of Croton 
macrostachyus.  
Recent reports also indicated that essential oils 
from Croton macrostachyus possess antibacterial 
activities [47] and antileishmanial activities [48]. 
The oils that were obtained from berries of the 
plant were tested for theirs antileishmanial 
activities (against L. donovani and L. aethiopica 
promastigotes and axenic amastigote stages) and 
were found to have high efficacy. Based on the 
observed high efficacy and moderate toxicity of 
the volatile oil from Croton macrostachyus, the 
authors suggested the potential of this plant species 
as a promising source of new lead compounds in 
the search for safe and effective antileishmanial 
drugs to replace the currently available commercial 
drugs such as sodium stibogluconate, sodium 
antimony gluconate, meglumine antimoniate, 
pentamidine, isethionate, amphotericin B, 
miltefosine, paromomycin, sitamaquine and 
imiquimod. There are serious limitations 
associated with these drugs, which (i) unpleasant 

side effects that cause pain at the site of injection, 
gastrointestinal problems, stiff joints, cardio-
toxicity and in some cases, hepatic and renal 
insufficiency [49,50]; (ii) most of them are 
expensive and are not affordable by the majority of 
the patients [51]; and (iii) most of these drugs also 
have lost their effectiveness due to drug resistance 
[52,53]. The report by Tariku et al. [48] and the 
aforementioned limitations of the currently 
available antileishmanial drugs [49-53] led us to 
carry out isolation of compounds from berries of 
Croton macrostachyus. Moreover, our literature 
survey did not reveal any information regarding 
antileishamnial activity test of compounds from 
this plant species. Therefore, it is important to 
assess antileishamnial activities of compounds 
isolated from the berries of this plant in order to 
find out compounds that are responsible for its 
observed antileishmanial activities [48]. In this 
paper, we report isolation of crotepoxide (1) from 
berries of Croton macrostachyus, and evaluation 
of its antileishmanial activities.  
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Figure 1. Examples of compounds isolated from Croton macrostachyus [28-34]. 

 
Results and Discussions 
The compound (1) was obtained from chloroform 
extract of berries of Croton macrostachyus (See  

 
experimental section). It is a white solid with 
observed melting point value of 149-150 0C. In the 
IR spectrum (Supplementary material 1), the 
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absorption band at 720 cm-1 indicated the presence 
of mono-substituted benzene ring whereas the 
absorption bands at 863 cm-1 and 903 cm-1 
suggested the presence of epoxy rings. The bands 
at 1235 cm-1 and 1213 cm-1 showed the presence of 
benzoate and acetoxyl C-O stretching vibrations, 
respectively. The absorption bands at 1725 cm-1 

and 1765 cm-1 suggested the C=O stretch values of 
benzoate ester and acetoxyl ester group, 
respectively. The absorption band at 3090 cm-1 

indicated C-H stretching frequency of aromatic 
ring whereas a band 2851 cm-1 was attributed to 
methylene C-H stretching vibration. The 1H-
NMRspectrum of compound was found to be 
consistent spectrum of compound was found to be 
consistent with reported data for crotepoxide (1) 
(Figure 2) [31].  
 
 

 
IR spectrum of compound 1. 

 

 
1H-NMR spectrum of compound 1. 

 
Two broad singlets at δ 2.03 and 2.13 were 
attributed to methyl groups of the two acetoxyl 
groups of crotepoxide. The peaks at δ 3.11, 3.46 
and 3.67 were attributed to methine protons 
attached to C-4, C-5 and C-6 of cyclohexane ring, 
respectively. The AB type peaks at δ 4.26 and 4.59 
can be attributed to protons at C-7. The peaks at 
δ5.00 and 5.71 were attributed to protons of C-3 

and C-2, respectively. The peaks at δ 7.49, 7.62 
and 8.04 were attributed to the protons attached to 
the aromatic carbon atoms (C-3', C-5'), (C-4') and 
(C-2', C-6'), respectively. The observed and 
reported 1H-NMR data of crotepoxide (1) (Figure 
2) are given in Table 1 and its 1H-NMR spectrum 
is given as supplementary material (Supplementary 
material 2).  
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Figure 2. The chemical structure of crotepoxide (1) along the 

numbers given to distinguish its carbon atoms 
 
Analyses of the 13C-NMR and DEPT spectra of the 
compound also showed the presence of two 
acetoxyl groups at or near 20.67, one methylene 
carbon  at  62.44 (C-7), five methine carbons at  

70.37 (C-3), 69.44 (C-2), 53.80 (C-6), 52.62 (C-4) 
and 48.07 (C-5), a methylene carbon at 62.44 (C-
7), five quaternary carbons at  59.42 (C-1), 
129.12 (C-1’), 165.75 (C-7’), 169.75 (C-8) and 
170.05 (C-10) and five aromatic carbons at  
128.57 (C’-2 and C-6’), 129.75 (C-3’ and C-5’) 
and at 133.55 (C-4’). The observed 13C-NMR and 
DEPT spectra (Table 2) were also consistent with 
the reported data for crotepoxide (1). 13C-NMR 
and DEPT-135 spectra of the compound are given 
as supplementary materials (Supplementary 
material 3 and 4). 

 

 
13C-NMR spectrum of compound 1. 

 

 
 

DEPT-135 data of compound 1. 
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Table 1: Observed 1H- NMR (400 MHz, CDCl3) 
spectral data along with reported 1H-NMR data of   
Crotepoxide (1). 
 
Hydrogen No. Observed data Reported data[31] 

H-9 2.03 2.04 
H-11 2.13 2.14 
H-4 3.11 3.11 
H-5 3.46 3.46 
H-6 3.67 3.67 
H-7A 4.26 4.25 
H-7B 4.59 4.58 
H-3 5.00 5.00 
H-2 5.71 5.71 
H-3', H-5' 7.49 7.48 
H-4' 7.62 7.61 
H-2', H-6' 8.04 8.03 
 
As discussed above, all the observed spectral data 
(IR, 1H-NMR, 13C-NMR and DEPT-135) of 
isolated compound were consistent with that of 
crotepoxide (1) reported in literature [31] 
suggesting that it is identical to crotepoxide (1). 
Moreover, the observed melting point (149-150 
oC) was comparable to reported melting point 
value (i.e., 150-151oC) of crotepoxide (1) [31].  
The in vitro antileishmanial activity of the isolated 
compound was evaluated by its ability to inhibit 
promastigotes and amastigotes forms of L. 
aethiopica. amphotericin B and miltefosine were 
used as reference drugs in the experiment. The 
result of the study revealed that observed IC50 
values of crotepoxide (1) to be 219.7 and 229.70 
microgram/ml against promastigotes and 
amastigotes, respectively. The corresponding 
values the reference drugs were 0.003 
microgram/ml (for amphotericin B) and 0.1 
microgram/ml (for miltefosine) against 
promastigotes whereas the IC50 values 
amphotericin B and miltefosine against 
amastigotes were found to be 0.03 and 0.12 
microgram/ml, respectively. The results indicated 
that the isolated compound 1 is less active against 
both promastigotes and amastigotes as compared 
to that of the reference drugs namely amphotericin 
B and miltefosine. Previous studies also revealed 
immunomodulatory [55], anti-PAF [56], 
antimicrobial [57], cytotoxic and antitumor 

[35,58,59] and weak antioxidant [59] activities of 
crotepoxide (1).  
 
Table 2: The observed 13C-NMR and DEPT-135 (400 MHz, 

CDCl3) spectral data. 
Carbon 
No. 

13C-NMR δ 
(in ppm) 

DEPT-135 
δ (in ppm) 

Remark 

9, 11 20.67 20.67 CH3 of acetoxyl 
group 

5 48.07 48.07 CH 
4 52.62 52.62 CH 
6 53.80 53.80 CH 
1 59.42 - Quat. C* 
7 62.44 62.44 CH2 
2 69.44 69.44 CH 
3 70.37 70.37 CH 
2’, 6’ 128.57 128.56 Aromatic C 
1’ 129.12 - Quat. C* 
3’, 5’ 129.79 129.79 Aromatic C  
4’ 133.55 133.55 Aromatic C 
7’ 165.77 - Quat. C* 
8 169.75 - Quat. C* 
10 170.05 - Quat. C* 
   *Quat.C: Quaternary carbon; **carbonyl carbons of ester 
functional groups 
 
Conclusions 
The result of our study suggests further in vivo 
tests to decide the potential of compound 1 as 
candidate antileishamnial agent. Moreover, due to 
its reported immunomodulatory activity, the 
authors would like to recommend further in vitro 
test to be conducted on compound 1 in 
combination with the currently existing 
antileshmanial drugs.  
 
Materials and Methods 
Collection of Plant Material: The berries of 
Croton macrostachyus were collected from Addis 
Ababa (Yeka subcity) on November 28, 2010. The 
berries were air-dried and crushed into small 
pieces to facilitate homogenous drying. The dried 
plant material was ground to suitable size to 
facilitate the extraction process. 
 
Extraction and Isolation: Soxhlet extraction was 
performed by employing a gradient extraction 
principle [54]. The solvents used for the extraction 
were petroleum ether and chloroform. 150 gram of 
berries of the plant material was subjected for 
extraction. The extracts of the two solvents were 
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collected separately, and were subjected to vacuum 
drying using rotaevapor in order to remove the 
solvents.  The process gave 11.18 gm and 3.5 gm 
crude extracts of petroleum extract and chloroform 
extract, respectively. A portion (3.5 gm) of 
petroleum extract was adsorbed onto 4 gm of silica 
gel and loaded into a chromatographic column 
packed with 70 gm of silica gel. The column was 
then eluted with chloroform: ethyl acetate mixture 
gradually increasing the polarity (from 100:0% to 
0:100%). Several fractions of 40 ml each were 
collected. The 5th fraction of the 50:50% ethyl 
acetate: chloroform solvent system gave a pure 
compound identified to be crotepoxide (1). 
 
Characterization: The isolated compound was 
characterized using different spectroscopic 
techniques. Nuclear Magnetic Resonances (1H-
NMR, 13C-NMR and DEPT-135) were recorded 
using 400 MHz and deuterated solvents (at the 
Department of Chemistry, Addis Ababa 
University). Infra-red (IR) spectra were recorded 
on IR perestinge-21 FTIR instrument (at Ethiopian 
Pharmaceutical Industry, Addis Ababa). Melting 
point values of the compounds were determined 
using Melting point was recorded using Thomas 
HOOVER capillary melting point apparatus. 
 
Test strains and source of macrophages: The 
standard L.  aethiopica strain (MHOM/ET/82/117-
82) (obtained from Leishmaniasis Diagnostic and 
Research Laboratory, Faculty of Medicine, Addis 
Ababa University) and murine peritoneal 
macrophage isolated from BALB/c mice were used 
in the in vitro assay. 
 
Reference drugs: Reference drugs used were 
amphotericin B (Fungizone®, Bristol-Myers 
Squibb, Rueil-Malmaison, France) and miltefosine 
(Impavido®, Zantaris GmBH, Germany). 
 
Culture conditions; Promastigote culture: L. 
aethiopica was grown in tissue culture flasks 
containing RPMI 1640 medium (Gibco, Invitrogen 
Co.,UK), supplemented with 10% heat-inactivated 
fetal calf serum (HIFCS) (Gibco, Invitrogen Co., 
UK), and 100 IU penicillin/mL and 100 μg/mL 

streptomycin solution (Sigma Chemical Co., St. 
Louis, USA) at 220C following previously 
described methods. 
 
Murine Peritoneal Exudate Macrophages 
(MPEM): The isolation and differentiation of 
MPEM was carried using a standard method 
reported in literature [55]. First, the MPMs were 
induced by injecting a 2 ml of 2% starch solution 
into a mouse peritoneum. 24 hrs, after injection, 
the test mice was killed by CO2 suffocation, 
degloved and injected with cold RPMI. Then 
peritoneal exudates were removed using a sterile 
10 ml syringe with 21G 5/8 needle and collected in 
sterile plastic tubes placed in ice bath.  
 
Intracellular amastigote culture: The intracellular 
amastigotes forms of L. aethiopica were obtained 
using a standard procedure [60]. Briefly, after 
harvesting the exudates, the cell suspension was 
determine by counting using a Neuebauer 
hemocytometer, and the cell density was adjusted  
to 4000. Finally, 100 μl of the cell suspension was 
seeded into 16-chamber tissue plate and incubated 
at 37 0C for 24 hrs to allow differentiation of 
MPEMs. Promastigotes in stationary phase were 
used to infect differentiated MPMs in a 16-well 
culture plates in the infection ratio of 7:1 (parasites 
to MPEM). 
 
Biological assays 
Promastigote-based assay: In a 96-well microlitre 
plate, the test compound was serially diluted to 
twice the final test concentrations (1.00 mg, 0.33 
mg, 0.11 mg, 0.037 mg, 0.012 mg, 0.004 mg and 
0.0013mg) in 100 μL culture medium with each 
test concentration in duplicate. Then, 100 μL of 
suspensions containing 3.5× 106 promastigotes/mL 
in a logarithmic phase were added to each well. 
Contents of the plates were then maintained at 
22°C in a 5% CO2 incubator. The cell density, 
motility and morphology for each treatment were 
determined daily with an inverted microscope and 
the antileishmanial activity was expressed as the 
MIC values after 72 hrs of incubation. The 
reference drugs and medium with 1% DMSO were 
included as controls. 
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Antiamastigote-based assay: The intracellular 
amastigotes forms of L. aethiopica were obtained 
using a standard method [41]. L. aethiopica 
promastigotes in stationary phase were used to 
infect differentiated MPEMs in a 16-well culture 
plates in the infection ratio of 7:1. Then contents of 
the plates were incubated at 37 °C in humidified 
5% CO2 incubator for 24 hrs. The amastigote 
growth inhibitory activity of the test compound 
was carried by dispensing different concentrations 
(1.00 mg, 0.33 mg, 0.11 mg, 0.037 mg, 0.012 mg, 
0.004 mg and 0.0013mg) into duplicate wells of 
16-well culture plates on which intracellular 
amastigotes were attached. Then the contents were 
incubated at 370C for five days in a 5% CO2 
incubator. After 5 days of exposure of the infected 
cells to the test compound and the reference drugs, 
the overlay from all of the wells was removed. 
After 30 seconds of fixing with 100% methanol, 
the slides were stained with 10 % Giemsa for 10 
minutes. After rinsing and air-drying the slides 
were ready for examination under oil immersion 
(x100). During examination, infected and 
uninfected macrophages were counted in each well 
in a total of 100 macrophages. The % inhibition 
values were derived by comparison with the % 
infection of macrophages in control wells. The 
same procedure was applied for the reference 
drugs- amphotericin B and miltefosine. 
 
Supplementary materials: The IR and NMR 
spectroscopic data of compound 1 are also 
available.  
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