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ABSTRACT

The chemical constituents and insecticidal activity of the pods of Senna italica
(Caesalpiniaceae, Fabaceae) were investigated. From the chloroform extract of pods, physcion,
chrysophanol, chrysophanol-10,10’-bianthrone, chrysophanol-physcion bianthrone and chrysophanol-
isophyscion bianthrone, were isolated and characterized using different spectral methods. The GC-MS
of the n-hexane extract revealed that the major chemical constituents of the oil were 2,6,-di-sec-
butylphenol (36.69 %), di-n-octylphthalate (12.06 %), eicosane (5.46 %), tetratriacontane (4.87 %)
and 2,2'-methylenebis[6-(1,1-dimethyl)-4-methylphenol (4.18 %). The n-hexane extract showed
potent insecticidal activity (100 %) against Callosbruchus analis F. This study suggests that S. italica
pods cannot be a source of sennosides but for other bioactive compounds.

Keywords: Senna italica; Fabaceae; Caesalpiniaceae; sennosides; anthraquinone; bianthrones;
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1. INTRODUCTION

Senna L. (Fabaceae, Caesalpinioideae), a large, widespread and diverse genus,
occurring mostly in the tropics and subtropics. About 80 % of the species of this genus
growing in American continent, while most of rest are found in tropical Africa, Madagascar,
and Australia, with few species in southeastern Asia and on the Pacific Islands. No Senna
species are native to Europe. Species of Senna were formerly included among the
approximately 600 species of Cassia L. [1]. Subsequent taxonomic treatments subdivided this
large genus into the smaller Cassia, Senna and Chamaecrista Moench and ascribed these
three genera to subtribe Cassiinae [2]. In the recent monograph, Senna comprised
approximately 260 species [2], which later increased to 350, mainly as a result of new
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nomenclatural combinations in non-American taxa [3]. The separation of Senna from Cassia
was confirmed by further taxonomic [4], structural [5], and phenetic studies [6].

Senna italica Mill. grows naturally throughout the Sudan. It is most famous indigenous
medicinal plant of the Sudan. Many species of the genus Senna are widely used traditionally
to treat a number of ailments such as intestinal complications, haemomorphoids, circulatory
system problems, calculi in the urinary system and sexually transmitted diseases [7]. The
pods of Senna plant are rich source of bioactive compounds widely used as laxative [8].

Herbalists in the Sudan used, unintentionally, to mix Senna italica with Senna
alexandrina Mill. (Syn. Cassia senna L., C. acutifolia Del) because their morphologies are
very closes and cause confusion between the two species. However, confusion in the proper
taxonomical identification of these two species could exist since they are usually grown
together in nature and minor differences can be noticed. For example, the pods of S. italica
are curved while those of S. alexandrina are broader and oblong. Previous phytochemical
studies of S. italica have resulted in the isolation of B-sitosterol, stigmasterol, a-amyrin and
1,5-dihydroxy-3-methyl anthraquinone [9]. The active laxative principles of S. alexandrina
are the sennosides [10]. The literature survey of Cassia spp. revealed the presence of
glycosides, sterols, flavonoids, saponins and alkaloids [11]. The objective of this study was to
detect the presence of sennosides in S. italica pods, in addition, to the chemical investigation
of these pods and the insecticidal activity of plant extracts.

2. EXPERIMENTAL
2. 1. Materials and Methods
2. 1. 1. Plant material

The plant materials were collected in 2009 from Elobeid (western Sudan). A voucher
specimen (SI 001) has been lodged at the Botany Herbarium, Faculty of Science in University
of Khartoum for verification purposes.

2. 1. 2. Instrumental techniques

NMR spectra were recorded at room temperature in CDCl; on 400 MHz Bruker
AVANCE II1 spectrometer. Mass spectra were determined at 70 eV using VG MASSLAB
model VG 12-250 spectrometer. IR spectra were recorded on Perkin-Elmer FT 1600
spectrophotometer. UV spectra were measured using Milton Roy spectronic 1001 plus. The
GC-MS analysis was carried out using QP 20-10 Shimadzu GC-MS equipment [19,20].

2. 1. 3. GC-MS analysis of n-Hexane Extract

The GC-MS analysis of n-hexane extract was carried out after conversion of the lipid
material into the corresponding methyl esters [17].

The samples were analyzed using QP 20-10 Shimadzu GC-MS equipment. A Wiley
229 library search was conducted on major peaks of sample in order to identify the
components of the sample. The relative percentage of each compound was determined.

2. 1. 4. Extraction and Chromatographic Separation

Extraction and isolation of compounds: 1.0 kg of the ground dry pods was soaked for
48 h in n-hexane, chloroform and MeOH separately and successively, and then each extract
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was concentrated under reduced pressure and yielded 16.0, 24.0 and 26.0 g respectively.

The chloroform extract (10.0 g) was subjected to flash column chromatography on
oxalic acid impregnated silica gel column using gradient mixture of petroleum ether:EtOAc
as an eluent. Eight fractions were collected depending upon the TLC pattern. Fraction 3 was
subjected to column chromatography using petroleum ether: EtOAc gradient, where it gave
compound 1 (12 mg). Fractions 4 and 5 were applied separately to preparative TLC using
solvent system n-hexane: EtOAc (9:1) as an eluent to give compounds 2 (16 mg) and 3 (14
mg). Fraction 7 was subjected to column chromatography using solvent system n-hexane:
EtOAC (8:2) as an eluent to give a mixture of compounds 4a and 4b (9 mg).

The isolated compounds were identified by using spectroscopic techniques and
comparing the values with those reported in literature as well as comparison with reference
materials.

2. 1. 5. Insecticidal activity

Tribolium castaneum and Callosbruchus analis (common grain pests) were used to
determine the insecticidal activity of the plant extracts as described by Naqvi & Parveen [18].

The insecticidal property of n-hexane, chloroform, and methanol extracts of S. italica
was investigated against T. castaneum and C. analis in comparison with commercial
insecticide Permethrin. 2.0 mg of different extracts were added separately to DMSO (2.0 mL)
and diluted to 5.0 mL. From this, 0.5 mL of solution was uniformly applied to a 9.0 cm disk
of filter paper (Whatman No.1) and placed in a Petri dish.

Plates were left for 24 h to dry. Twenty adult insects, less than 1 month old, were
introduced into the dish 5 min later and the dish was covered. Another batch, supplemented
with reference insecticide, was used. A control with DMSO alone (2.0 mL) was made. For
each preparation, triplicates were made. The number of dead insects was determined 24 h
after application. Survival of insects can be assessed by calculating the percentage of
inhibition or mortality.

3. RESULTS AND DISCUSSION

Five compounds were isolated and identified from S. italica pods. Compounds 1, 2 and
3 were identified as physcion [12], chrysophanol [13] and 10,10’-chrysophanol bianthrone
[14] respectively by comparing their TLC chromatograms, EI-MS, *H NMR and *C NMR
spectra with authentic samples and published data.

The *H NMR spectrum of compound 4 is not consistent with that of a pure compound.
Signals corresponding to the protons of chrysophanol, physcion and isophyscion-9-anthrone
moieties of the two dimmers are clearly seen.

The signals of the benzylic methane protons of the two dimmer are separated by 0.10
ppm (4.35 and 4.45 ppm). EIMS (70 eV) of this compound does not show molecular ions of
the dimmer but fragment ions at m/z values of 270 (HRMS 270, 0894, calculated for
C16H1404, 270.0892), 269 (HRMS 269.0832, calculated for CisH1304, 269.0831), 255
(HRMS 255.0676, calculated for C15H1303, 255.0657) and 240 (HRMS 240.0791, calculated
for C15H1203, 240.0786) are observed.

The fragment ions at m/z 270 and 269 correspond to physcion or isophyscion-9-
anthrone and those at 241 and 240 belong to chrysophanol-9-anthrone. According to these
spectroscopic evidences and data reported in the literature [14], compound 4 is identified as a
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mixture of chrysophanol-physcion bianthrone (1,1,8,8'-tetrahydroxy-6'-methoxy-3,3'-
dimethyl-10,10'-bianthracen-9,9'-dione) 4a and chrysophanolisophyscion bianthrone
(1,1,8,8-tetrahydroxy-7'-methoxy-3,3'-dimethyl-10,10"-bianthracen-9,9'-dione) 4b (Fig. 1).
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Fig. 1. Structures of compounds isolated from Senna italica.

The main constituents of n-hexane extract were found to be 2,6,-di-sec-butylphenol
(36.69%), di-n-octyl phthalate (12.06 %), eicosane (5.46 %), tetratriacontane (4.87 %) and
2,2'-methylenebis[6-ter-butyl-4-methylphenol] (4.18 %).

The oil of S. italica contains some components that have been reported to exhibit
various biological activities. Di-n-octylphthalate showed potent antifouling activities against
algal spore and mussel attachment [15].

The n-hexane extract showed a strong insecticidal activity against Callosbruchus analis
whereas chloroform and methanol extracts were inactive. None of the three extracts showed
insecticidal activity against Tribolium castaneum Herbst. The insecticidal activity of the n-
hexane extract dependent on the active chemical principles and the gross sensitivity of the
target pest to these principles [15]. The large proportion of fatty acids might have contributed
to the activity of the oil against C. analis.

Hexadecanoic acid is known to possess a variety of medicinal and pharmacological
properties such as larvicidal effect, and antiplasmodial activity on Plasmodium falciparum
[16] (Table 1).
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Table 1. Screening results on insecticidal effects of plant extracts at concentration 1.0 mg/mL.

Extract Insecticidal activity

% Mortality

T. castaneum C. analis STD Drug *
n-Hexane 0.0 100 100
Chloroform 0.0 20.0 100
Methanol 0.0 20.0 100

* Permethrin
Values represent percentual mortality (n = 3) of T. castaneum and C. analis after 24 h compared to a control
treated with the DMSO onl.y

4. CONCLUSION

The chemical investigation of the medicinal plants used traditionally to cure diseases is
so important for quality control of these herbs. The results of the present study indicate that
the n-hexane extract of S. italica had substantial insecticidal activity in the same order as the
standard permethrin for the tested organism T. analis. The findings support the use of this
plant in folk medicine for the treatment of some diseases.
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