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Abstract
Background and objectives: Datura innoxia Miller is one of the two species of Datura (Solanaceae)
which grow in Iran. There are many reports of the biological activities of Datura and in the present
study the ability of Datura innoxia for inhibiting angiogenesis was evaluated. Methods: The methanol
extract and petroleum ether, chloroform and methanol fractions of Datura innoxia flowers were
obtained by maceration method. The extract and fractions were further evaluated for their cytotoxicity
and anti-angiogenesis properties in HUV-EC-C cells through MTT and wound healing assays,
respectively. Results: The methanol extract and the petroleum ether, chloroform and methanol
fractions were cytotoxic to HUV-EC-C cells (IC50 11.25, 63.3, 8.75 and 9.27 μg/mL, respectively).
The chloroform fraction demonstrated the most anti-angiogenesis activity in the wound healing assay.
Conclusion: Evaluating the above activities of the compounds isolated from Datura innoxia might be
a proper follow up of the present study.
Keywords: angiogenesis, Datura innoxia, HUV-EC-C, MTT assay, wound healing assay

Introduction
Datura (Solanaceae) was originally found in
Asia. Biological activities such as antiinflammatory, CNS stimulant and decongestant
properties have been reported for the genus. It
has also been used for the treatment of skin
infections, toothaches and alopecia [1]. Datura
species are famous for possessing alkaloids, to be
more precise, tropane alkaloids. Alkaloids like
hyoscyamine, hyoscine and atropine belong to
this group of alkaloids [2]. They are mostly esters
of hydroxytropanes with a variety of organic

acids, such as tropic, atropic, cinnamic, angelic,
tiglic, senecioic, isovaleric, and truxillic acids
[3].
Solanaceae family is known to have the most
tropane alkaloids though this group of
compounds could also be found in
Erythroxylaceae, Convolvulaceae, Proteaceae
and Rhizophoraceae and in lower amounts in
Euphorbiaceae, Brassicaceae and Oleaceae
families [4]. Tropane alkaloids demonstrate
anticholinergic and antispasmodic properties and
can affect the parasympatic nervous system [5].
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Two species of Datura grow in Iran; Datura
stramonium L. and Datura innoxia Miller [6].
There have been various reports about the
biological activities of different organs of the
specie and in the present study study, the ability
of the methanol extract and fractions of D.
innoxia flowers to inhibit angiogenesis has been
evaluated.
Experimental
Plant material
Datura innoxia flowers were collected from
Kerman Province, Iran (2013) and were
authenticated by a botanist.
Chemicals and reagents
Dulbecco’s modified Eagle medium (DMEM),
Fetal Bovine Serum (FBS), Ham-F12 (Gibco,
Auckland,
New
Zealand),
penicillinstreptomycin, MTT ([3-(4, 5-dimethylthiazol-2yl) -2, 4-diphenyl tetrazolium bromide]),
phosphate buffer saline, PBS, (Sigma, St. Louis,
MO, USA) and DMSO (dimethyl sulfoxide)
(Merck, Hohenbrunn, Germany), were used in
the cell culture evaluations. The solvents for
extraction and fractionation were provided from
Mojalali CO. (Iran).
Extraction
Ten mg of the air dried powder of the flowers
were macerated with methanol for 24 h. The
mixture was filtered afterwards and the residue
was macerated with methanol again according to
the above mentioned procedure. The extraction
process was repeated three times. The combined
filtrates were then concentrated by using a rotary
evaporator apparatus. The final dry extract was
kept in refrigerator for future experiments.
Fractionation
Thirty mg of the dried powered flowers were
macerated with petroleum ether with the same
method as mentioned for the extraction. On the
third day, the procedure was repeated for the
residue with chloroform and then methanol; thus
the total fractionation process lasted 9 days.
Sample preparation
A stock solution of each sample was prepared in
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DMSO (10 mg/mL), serial two fold
concentrations were prepared from the above
stock solutions (3.125, 6.26, 12.5, 25, 50 and 100
μg/mL); the final DMSO concentration was 1%.
MTT assay
HUV-EC-C cells were obtained from Pasture
Institute, Tehran, Iran. The cells were maintained
in DMEM medium containing 10% FBS and
25% Ham-F12 and were seeded in 96-well plates.
After 24 h, the cells were exposed to different
concentrations of extracts/fractions for 72 h. The
medium was removed afterwards and MTT (final
concentration 0.5 mg/mL) was added to each
well. The resulting formazan crystals were then
dissolved in DMSO after 4 h exposure of the
cells to MTT and the absorbance was recorded at
570 nm using an ELISA reader. Tamoxifen was
used as the positive control. Considering the
following equation, the viability was measured
and the IC50 values were calculated by plotting
viability vs. log concentrations (Microsoft Excel).
Viability (%) = [A]s/[A]c × 100.

Where [A]s is the absorbance of wells with
sample and [A]c is the absorbance of wells in
absence of sample [7-9].
Wound healing assay
HUV-EC-C cells were seeded in 6-well plates
(50000/well). After 24 h, the center of each well
was scratched by a sterile yellow pipette tip
imitating a wound. The extracts and fractions
were then added to each well (3.125 μg/mL: the
concentration in which the viability of the cells
was nearly 100%). DMSO 1% was used as the
negative control. The changes in the size of the
wound were monitored by taking photographs in
intervals up to the fourth day after wounding
[10].
Results and Discussion
The results of cytotoxic evaluation and would
healing assay of D. innoxia have been presented
in table 1 and figures 1 and 2, respectively. The
results of MTT assay suggested considerable
cytotoxic effects for the methanol extract as well
as the chloroform and methanol fractions of D.
innoxia flowers. Other parts of D. innoxia have
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been investigated before for their cytotoxic or
apoptotic activity. In a research bout the
cytotoxicity and apoptosis potential of D. innoxia
seeds, it was found that the aqueous extract of the
seeds could activate caspase 3 and 9, and restrain
VEGF and TNF-α in HeLa cells [1].
Table 1. Results of MTT assay of Datura innoxia extract
and fractions on HUV-EC-C cells
Samples
IC50(μg/mL)

ME
11.2

PF
63.3

CF
8.7

MF
9.2

Tamoxifen
20.1

ME: methanol extract; PF: Petroleum ether fraction; CF:
Chloroform fraction; MF: Methanol fraction

The leaves, stems and fruits of the species have
been evaluated in the brine shrimp lethality assay
to show cytotoxicity with the fruits being
considerably toxic to the larvae (LC50≤100
μg/mL). The chloroform and n-hexane fractions
of the fruits were also toxic to human leukemia
cells in the same study (IC50 4.52 and 3.49
μg/mL, respectively) [11]. The methanol extract
of the leaves has shown to induce apoptosis and
A

D

decrease the expression of Bcl-2 in HCT-15 and
Hep-2 cell lines [12] while a lectin isolated from
D. innoxia seeds has shown anti-proliferative
activity against human pancreatic cancer cell line
[13].
Datura spp. have been known to possess
alkaloids and present their medicinal properties
due to the existence of these compounds [14]. El
Bazaoui et al. have reported the isolation of fifty
three alkaloids from different parts of D. Innoxia
(roots, stems, leaves, flowers seeds) [15]. The
alkaloid pattern of the species has previously
been reported to be of a significant difference in
different organs and even aerial parts [16].
Comparing the IC50 of the extract and fractions, it
could be suggested that semi-polar to polar
constituents might be responsible for the
observed cytotoxic results in MTT assay and the
alkaloids of the species could have presented the
observed effects.
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Figure 1. Anti-angiogenesis activity Datura innoxia. A, B and C: the effect of the methanol extract on the starting day of the
experiment, the 2nd and 3rd day, respectively. D, E and F: the effect of the petroleum ether fraction on the starting day of the
experiment, the 2nd and 3rd day, respectively.
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Figure 2. Anti-angiogenesis activity Datura innoxia. A, B and C: the effect of the chloroform fraction on the starting day of the
experiment, the 2nd and 3rd day, respectively. D, E and F: the effect of the methanol fraction on the starting day of the experiment,
the 2nd and 3rd day, respectively. G, H and I: the effect of DMSO 1% (negative control) on the starting day of the experiment, the
2nd and 3rd day, respectively.

For evaluating the anti-angiogenesis properties,
the ability of the samples to hinder angiogenesis
was investigated in a concentration that had not
been cytotoxic to the cells and did not decrease
viability (3.125 μg/mL).
The chloroform fraction demonstrated more
angiogenesis inhibition at the end of day one
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compared to other samples; this continued in the
second day when closing the wound scratch for
the chloroform along with the methanol fractions
seemed to be slower compared to other samples.
On the third day after wounding the monolayer of
the cells, the scratch could not be observed in the
petroleum ether fraction or the methanol extract
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while it could still be detected in the wells which
had received chloroform and methanol fractions.
On the fourth day, the scratch had completely
closed and could not be observed for any of the
samples. Again it was postulated that the semipolar to polar compounds could have caused the
observed anti-angiogenesis activity.
Considering the results of the cytotoxic
evaluation and also the anti-angiogenesis
experiment, it is proposed that the observed
effects could be due to the tropane alkaloids of
the flower but to confirm this assumption, the
experiment should be carried out with the
purified compounds of D. innoxia flowers.
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