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Abstract

Lithality-guided fractionation of the ethanol extracts of Sesuvium verrucosum a halophytic plant from Bahrain,
lead to the isolation of an active constituent showing a marked significant activity (LC50=21.4 ug /mL) in the brine
shrimp experiment. The plant extracts have been reported to contain alkaloids in leaves, coumarins, sterols and
to a lesser extent tannin. We have performed earlier a screening bioassay experiment which showed the plant, in
comparison to other plants tested, to possess siginificant cytotoxicity in the crude extract. In this paper we report
deconvolution steps of the active ingredient of the plant. The crude extract has been separated into four major
fractions (FO01-F004). The activity was shown to be residing in fraction FO04 (3.5 g). A small portion of FO04 was
tested for the presence of alkaloids using three alkaloid testing reagents and was shown to be positive. The bulk
of fraction FO04 was subjected to column chromatography on silica gel (60-120 mesh) using gradient elution from
hexane-CHCI3 (9:1) to CHCI3-EtOH (1:9) (10 fractions, I-X) followed by TLC (SiO2, GF254) analysis. Only fractions
VIl and VIII (FOO05) (0.95 g) showed bioactivity (LC50=21.4 mg/mL). The two fraction were then combined and
separated by preparative TLC (SiO2, 1.5 mm layers) into 2 major bands (I & Il) and only band Il (72 mg) was shown
to be active. The chemical structure of the solid separated from band Il has been elucidated by GC-MS. GC-MS
analysis shows the compound to possess a molecular ion at m/z 251 (%) indicative of a N-containg compound and a
base peak at m/z 105 indicative of phenyl ketone fragment. Fragments at m/z 77 and m/z 91 are due to a phenyl ring
and a tropylium ion, respectively. A tentative alkaloidal structure is suggested and was given the name: verrucosine.
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Introduction

Sesuvium verrucosum Raf. (Aizoaceae), is a halophytic annual
shrub which is related to the Sea Purslane (S. portulacastrum)
cultivated in some countries of East Asia as a vegetable [1]. In Bahrain
the shrub represents an important plant cover in the process of land
reclamation [2]. The plant, locally known as Rokhama, is used in folk
tradition for treatment of ear inflammations [3]. The plant extracts
have been reported to contain mainly alkaloids in leaves, coumarins,
sterols and to a lesser extent tannin [4]. However, there was no
detailed pharmacological study on the cytotoxicity of the plant. We
have, therefore, undertaken a screening bioassay experiment to test
for the toxicity of the plant among other plants of similar medicinal
value used in Bahrain [5]. In this experiment a statistically significant
lethality to brine shrimps was observed with different concentrations
of the ethanolic extracts of S. verrucosum in comparison to the control
and other plants tested. In this paper the results of a bioactivity guided
extraction, chromatographic and chemical analyses of the active
ingredients responsible for the lethality of the plant, following the
procedure by McLaughlin will be reported [6-8]. Apart from our earlier
work on S. verrucosum no work to our knowledge have been reported
on the bioactive constituents of the plant. A few reports have appeared
recently on S. portulacastrum phytochemical and antibacterial
properties. Ethanolic extract of S. portulacastrum showed antimicrobial
activity against Staphylococcus aureus and E. coli, indicating its
potential application in relation to nosocomial infections. GC-MS
analysis revealed 22, 23-Dihydrostigmasterol, Gallic acid, (2R,3R)-
(-)-Epicatechin and Capsaicin and considered to be the molecules
responsible for the antimicrobial activity of S. portulacastrum [9].
Earlier fatty acids methyl esters were tested for their antibacterial
and antifungal activity. Sesuvium spp is also an important source of

phytoecdysteroids (insect molting hormones) and can be used as
biological pesticides [10,11]. Of the various Chinese plant sources
identified, Sesuvium contained the highest levels of ecdysteroids and
can be used in sericulture industry to manage the silkworm rearing
during the last stage of larval development [12]. In the biomedical
application, 20E ecdysteriods and derivatives are used for health
improvement as they have been shown to stimulate the synthesis of
proteins, muscle, be adaptogenic for human immunodeficiency virus
(HIV) patients and have antioxidant and tonic properties (Sesuvium
portulacastrum, a plant for drought, salt stress, sand fixation, food
and phytoremediation.) [13]. Krstenansky reviewed the Aizoace
family and found to contain mesembrine alkaloids [14]. Medicinally
and economically, Sesuvium containing secondary metabolites have
shown a great potential as a substitute for some synthetic raw materials
in the food, perfumery, cosmetic and pharmaceutical industries [15].
Sesuvium plant is used in traditional medicine as a remedy for fever,
kidney disorders and scurvy [16] by the indigenous people in Africa,
Latin America and in Asian countries such as India, China, Pakistan
and Japan. The essential oil extracted from the leaves of Sesuvium
revealed notable antibacterial activity against both gram positive
and gram-negative bacteria and displayed significant antifungal and
antioxidant activity [17]. The essential oil showing these activities was
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attributed to the presence of relatively higher amount of monoterpene
which was actually composed of more or less content of hydrocarbon
compounds such as O-cymene, 2-p-pinene, a-pinene, 1, 8-cineole,
limonene, a-terpinene, a-terpinolene and camphene. The fatty acid
methyl esters (FAME extract) from Sesuvium leaves have been shown
to contain higher saturated fatty acids than the unsaturated fatty
acids, and the extract showed antimicrobial activity against Aspergillus
fumigatus and A. niger. Methanolic extracts of the plant contributed
to its cholinesterase inhibitory activity which was comparable to
the standard drug Donepezil used for treatment of Alzheimer’s
disease [18]. Khajuria et al. isolated a Trihydroxydimethoxyflavone
3-glucoside from Sesuvium Portulacastrum, (28,16a) [19], whereas
Chandrasekaran et al. tested antibacterial and antifungal efficacy of
fatty acid methyl esters from the leaves of S. portulacastrum L [10].
Chou and Lu (1980) investigated [20] the growth regulation and silk
production in silk worm by ecdysteroids. Kanth et al. [21] ivestigated
phytoremediation and removal of salts from soil treated with tannery
wastewater using S. portulacastrum. The same author curried studies
on the use of S. portulacastrum for preservation of skins [22]. Whereas
Martinez et al. [23] investigated Chemical composition and biological
activities of essential oil from the leaves of S.portulacastrum.

Materials and Methods
Plant material

S. verrucosum (SV) was collected from around Isa Town Campus,
University of Bahrain and Sitra Town Industrial Area in three Batches
(BL BII & BIII). Samples of the plant collection were authenticated
at the Biology Department, College of Science, Isa Town, Bahrain
(Herbarium classification No. 000064) The whole plant was dried in
air in shade for three weeks. Plant material in each batch was chopped
then pulverized using a Santos Coffee Mill and kept separately at 20°C
in closed polyethylene bags. The magenta-coloured flowers in BIII
were separated from the fleshy leaves and twigs and dried in a similar
manner.

Extraction and isolation of different plant fractions

The powdered plants (100 g) from BI &BII were extracted
continuously with 96% ethanol (1.2 L) using a set of four Soxhlet
extractors (Wertheim 45/40). Whole plant extracts were obtained by
complete evaporation of the solvent using a rotatory evaporator (Buchi
Rotavapor Model RE 120) at 40°C. The residues left after evaporation,
were combined (10.28 g), dissolved in chloroform (40 mL) followed
by filtration and the filtrate was separated from droplets of water and
dried (anhydrous MgSO4). Evaporation of the chloroform whole plant
extract (CWPE) afforded a syrupy liquid (F001) (8.38 g), part of which
was used directly in the brine shrimp (BST) experiment and was found
to be active (LC50=240.4 pg/mL) (Figure 1).

Test for alkaloids
Reagents preparation
A) Mayer’s reagent
Solution A: 1-36 g HgCl, in 60 ml of water
Solution B: 50 g KI in 10 ml of water

Then solution A and B transferred to a 100 ml volumetric flask and
filled to the mark.

B) Dragendorff reagent
Solution A: 8.0 g Bi (NO3). 5 H,O in 20 ml of water
Solution B: 27.2 g KI in 50 ml of water

Both solutions were mixed and allowed to stand for 24 hours, after
filtration the volume is made up to 100 ml with water

Results

About 50 g of FOO1 were extracted with 300 ml methanol by soxhlet
extractor for 8 hours. 50 mg of concentrated methanol extract was
placed in a small test tube. And 1 M HCI (1 ml) was added. The mixture
was stirred with a glass rod for 19 min in order to achieve complete
dissolution of the alkaloids.

50 mg of FOO1 were used to test for the presence of alkaloids using
three different alkaloid detection reagents. The three detection reagents
Mayer (++), Dragendorff (+++), and Bouchardat (+++) gave positive
test for presence of alkaloids from abundant (+++) to moderately
abundant (++). The major part of FO01 was then partitioned between
a CHCIl3/water (1:1) mixture (40 mL) and the chloroform part and
washings (5 x 20 mL) were combined, dried (MgSO4) and concentrated
to afford the chloroform soluble extract (F002) (4.6 g) (LC50=117.2 ug/
mL). FO02 was extracted with n-hexane to afford a hexane soluble (HE)
fraction (F003) (0.5 g) (LC50=inactive) (Figure 2) and a chloroform
soluble residue (SVCE-HE) (F004) (3.8 g).
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Figure 1: LC 50=240.44 ppm.
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Figure 2: LC50 is 117. 5 ppm for fraction SVF002.
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Flower extracts

The pulverized flowers (4.5 g) from BIII were extracted with distilled
water (50 mL) for 10 minutes on a water bath, then filtered while hot.
The filtrate was divided in two equal portions and one portion was
boiled with 15 mL of 10% H,SO, for 30 minutes, cooled (ice-water)
and the precipitated flower aglycones (FAG) were collected (0.05 g) and
tested for bioactivity in the BST experiment (in-active). 5 mL aliquot of
the second portion were tested for the presence of free flavonoids and
flavonoid glycosides (positive for both). The bulk of the second portion
was then successively extracted first with CHCI3 followed by EtOAc
and the glycone residues from each extraction were combined to afford
the flower glycones (FG) residues (0.03 g) which were then tested in the
BST experiment (inactive) (Figure 3).

Chromatographic separation and GC-MS analysis

Fraction F004 (3.5 g) was subjected to column chromatography
on silica gel (100 g, 60-120 mesh) using gradient elution from hexane-
CHCI, (9:1) to CHCI3-EtOH (9:1). 164 fractions were collected
(Fraction Collector) and subjected to TLC (SiO2, GF254, Fluka)
analysis before pooled together (fractions I-X). Only fractions VII and
VIII (F005) (0.95 g) showed bioactivity (LC50=21.4 mg/mL). The two
fraction were then separated by preparative TLC (SiO2, 1.5 mm layers)
into 2 major bands (I & II) and only band II (72 mg) was shown to be
active. The chemical structure of the solid separated from band II has
been tentatively characterized by GC-MS (Figure 4).

Brine shrimp lethality test (BST)

The BST lethality experiment was performed on the different
fractions according to the procedure described by McLaughlin [6,8] as
follows: 20 mg of each fraction was dissolved in 2 ml of methanol and 5,
50 and 500 uL amounts were transferred to 2 dram vials (Beatson Clark
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Figure 3: Hexane extract (SVHE) is inactive.
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Figure 4: Fragmentation Pattern of active ingredient FO05.

Glass) to correspond to concentrations of 10, 100 and 1000 pg/ mL.
Three vials were used for each concentration. The vials were dried using
an air dryer to allow complete evaporation of the methanol. Control
vials were prepared using 500 pL of methanol alone. Rotenone standard
was prepared in a similar way but with appropriate (4x) dilution. The
brine shrimp larvae, taken 48 h after initiation of hatching in natural
sea water were added to each vial, and the final volume of each vial
was adjusted to 5 mL using sea water. A drop of dry yeast suspension
(3 mg in 5 mL seawater) was added as food to each vial. The vials were
maintained under illumination After 24 h survivors were counted and
the dose-response data were transformed into a straight line by means
of a trend line fit linear regression analysis (MS Excel version 7 DATA
TOOLKIT ANALYSIS); the LC50 values with 95% confidence intervals
were determined from the best-fit line. No deaths were observed to
occur in the control after 48 hours. Rotenone (Sigma) (LC50=1.23 X
10 ug/mL) is used as a positive control and methanol (500 pL) as a
solvent and a negative control in the bioassay experiments [7].

Brine shrimp analysis: Brine shrimp lethality test (BST) was used
in a bioactivity-guided fractionation experiment to track the active
ingredient in the ethanol extracts of the medicinal plant Sesuvium
verrucosum. The result (Table 1) show that fractions VII and VIII of F004
possessed significant bioactivity (LC50=21.4 mg/mL) in comparison
with values quoted in the literature [8] and the value quoted earlier for
S. verrucosum ethanol extract [5]. This order of activity of the active
ingredient in the plant is of the 1/5TH order of magnitude found for the
fish poison, rotenone (LC50=4.23 mg/mL), measured under the same
set of conditions of the experiment which yet gave lower activity for
rotenone than that reported in the literature [7]. This could be due to
slight different conditions used with the experiment from that in the
literature or to the fact that the rotenone sample used in the experiment
had a long shelf-life or to both. Flower extracts and hexane extracts
showed no bioactivity. Table 1 shows the results for the various plant
fractions tested. Table 1 gives the results of the brine shrimp after 24
hours’ exposure to whole plant extracts of Sesuvium verrucosum (SV)
and the positive control Rotenone (ROT). Rotenone, compared with
negative control (methanol) which showed no mortality to brine
shrimp, was highly lethal to the shrimp than the negative control. As to
the different plant fractions significant variation in lethality to Artemia
salina was observed with exposure to different fractions of Sesuvium
verrucosum (SV) extracts (FO01-F005). Also the degree of lethality
was directly proportional to the concentration of the extract ranging
from significant with the lowest concentration (10 ug/mL) to highly
significant with the highest concentration (1000 ug/mL) compared to
methanol. Maximum mortalities took place at concentration of 1000 pg/
mL whereas least mortalities were at 10 ug/mL concentration. In other
words, mortality increases gradually with the increase in concentration
of SV plant extract. Similar mortality effect was found after 48 hours’
exposure to each plant extract. Lethal concentrations LC50 of (SV)
plant at 24 hours were obtained by a plot of percentage of the shrimps
killed against logarithm of the concentrations of various fractions of
the plant extract (toxicant concentration) and the best-fit line was

Fraction Yield(%) LC,, ppm
F0O01 8.38 240.4
F002 4.6 117.2
F003 0.5 9.2 x 10" (inactive)
F004 3.8 -
FO05 0.95 214
Rotenone - 4.23

Table 1: Percentage yields and lethality (24 h) of the various fractions of Sesuvium
verrucosum ethanol extract.
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obtained from the curve data by means of regression analysis. LC50
were obtained from the best-fit line slope (Figures 1-3). This significant
lethality of Sesuvium verrucosum plant to brine shrimp is indicative of
the presence in this plant of a potent cytotoxic component which was
analyzed further by using GC-MS a powerful tool for purification and
identification of the active ingredient.

GC-MS analysis

Chromatographic analysis was performed on the most bioactive
fraction of the plant extract using a HP 5890 GC fitted with a 5970 series
mass selective detector. The chemical structure of the solid separated
from band II has been elucidated by GC-MS. GC _MS was run om the
Field-Desorption (FD) Mode to give the molecular ion (only m/z 1%)
(Figure 5).

Discussion of the results

In order to elucidate the structure of the white solid separated by
preparative TLC (mp 255-257°C) we reverted to using GC-MS analysis
(Figure 6) (fragmentation pattern) which shows the compound to
possess a molecular ion at m/z 251 (1%) indicative of a N-containg
compound and a base peak at m/z 105 (99-100%) indicative of phenyl
ketone fragment. Fragments at m/z 77 (20%) and m/z 91 (25%) are due
to a phenyl ring and a tropylium ion, respectively. A tentative structure
is suggested (Figure 4). Biogentically speaking the structure comes from
a combination of two L-phenylalanine precursors. (L-Penylalanine is
the biogenetic precursor of all Aizoaceae alkaloids). The scarcity of
material prevented full characterization of the compound and only
tentative structure was given with Molecular Formula C17H17NO
and indole basic structure below (Figure 5) for which we suggest the
name Verrucosine. Most Aizoaceae alkaloids share this basic indole
structure. However, more work is needed to isolate enough material for
full characterization of the active ingredient.

Results and Discussion

Brine Shrimp analysis

Because of the many advantages of the brine shrimp technique
(BST) we used this technique. First is simple, secondly it is fast and
reliable and thirdly after fractionation it gives you the right direction of
the fraction where most of the activity lies. So it is ideal for finding out
the most active fragments for follow-up. The BST technique was also
found to correlate closely with the more expensive in vivo techniques. So
in this case in our hand and following quide lines.brine shrimp lethality
test (BST) was used in a bioactivity-guided fractionation experiment
to track the active ingredient in the ethanol extracts of the medicinal

Figure 5: Proposed Structure of Verrucosine Sesuvium verrucosum alkaloid.

plant Sesuvium verrucosum. The result (Table 1) show that fractions
VII and VIII of FOO5 possessed significant bioactivity (LC50=21.4 mg/
mL) in comparison with values quoted in the literature [8] and the
value quoted earlier for S. verrucosum ethanol extract [5]. This order
of activity of the active ingredient in the plant is of the 1/5TH order of
magnitude found for the fish poison, rotenone (LC50=4.23 mg/mL),
measured under the same set of conditions of the experiment which
yet gave lower activity for rotenone than that reported in the literature
[7]. This could be due to slight different conditions used with the
experiment from that in the literature or to the fact that the rotenone
sample used in the experiment had a long shelf-life or to both. Flower
extracts and hexane extracts showed no bioactivity. Table 1 shows the
results for the various plant fractions tested. Table 1 gives the results
of the brine shrimp after 24 hours’ exposure to whole plant extracts of
Sesuvium verrucosum (SV) and the positive control Rotenone (ROT).
Rotenone, compared with negative control (methanol) which showed
no mortality to brine shrimp, was highly lethal to the shrimp than the
negative control. As to the different plant fractions significant variation
in lethality to Artemia salina was observed with exposure to different
fractions of Sesuvium verrucosum (SV) extracts (FO01-F005). Also
the degree of lethality was directly proportional to the concentration
of the extract ranging from significant with the lowest concentration
(10 pg/mL) to highly significant with the highest concentration (1000
pg/mL) compared to methanol. Maximum mortalities took place at
concentration of 1000 pg/mL whereas least mortalities were at 10 pg/
mL concentration. In other words, mortality increases gradually with
the increase in concentration of SV plant extract. Similar mortality
effect was found after 48 hours’ exposure to each plant extract. Lethal
concentrations LC50 of (SV) plant at 24 hours were obtained by a plot of
percentage of the shrimps killed against logarithm of the concentrations
of various fractions of the plant extract (toxicant concentration) and the
best-fit line was obtained from the curve data by means of regression
analysis. LC50 were obtained from the best-fit line slope (Figures
1-3). This significant lethality of Sesuvium verrucosum plant to brine
shrimp is indicative of the presence in this plant of a potent cytotoxic
component which was analyzed further by using GC-MS a powerful
tool for purification and identification of the active ingredient.

GC-MS analysis

Chromatographic analysis was performed on the most bioctive
fraction of the plant extract using a HP 5890 GC fitted with a 5970
series mass selective detector. The chemical structure of the solid
separated from band II has been elucidated by GC-MS. GC-MS analysis
(Figure 6) shows the compound to possess a molecular ion at m/z
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251 (1%) indicative of a N-containing compound and a base peak at
m/z 105 (99-100%) indicative of phenyl ketone fragment. Fragments
at m/z 77 (20%) and m/z 91 (25%) are due to a phenyl ring and a
tropylium ion, respectively. A tentative structure is suggested (Figure
4). Biogenetically speaking the structure comes from a combination
of two L-phenylalanine precursors. (L-Penylalanine is the biogenetic
precursor of all Aizoaceae alkaloids). The scarcity of material prevented
full characterization of the compound and only tentative structure was
given with Molecular Formula C17H17NO and indole basic structure
below (Figure 5) for which we suggest the name Verrucosine. Most
Aizoaceae alkaloids share this basic indole structure. However, more
work is needed to isolate enough material for full characterization of
the active ingredient.

Conclusions

The search for naturally occurring indole alkaloids was inspired by
their similarity to the physiologically active alkaloids such as reserpine
but in particular to the psychoactive agent such as the serotonin present
in the brain.

As aresult, the potential of many naturally occuring indole alkaloids
as new drug leads for various psychiatric disorders is still untapped.
Historically, plant-based compounds have been the source of several
of the most successful drug leads or drugs used in medicine. This is
indicative that more could lay in store to be discovered.

In conclusion, several indole alkaloids have been employed as
antidepressants or provide lead structures for its development. Based
on our findings, plants contain a reservoir of indole alkaloids which are
valuable starting points for the development of future antidepressants.
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