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ABSTRACT

Objective: Whole plant and various parts of Thevetia peruviana were reported to possess several pharmacological properties, due to the vast array
of secondary metabolites. The present investigation was carried out to illustrate the cytotoxic and antimicrobial properties of seed kernel extracts
on two tumor cell lines and various human skin-pathogenic microbes.

Methods: Cold methanol extracts and successive soxhlet fractions of seed samples were incubated with tumor cell lines in vitro for 3 h at 37 °C, and
cell viability was assessed by trypan blue exclusion method. Antimicrobial efficacy was detected by well diffusion protocol against five bacterial
strains and two fungal strains at varying concentrations ranging from 10-0.025 mg/6 mm wells, using different fractions from three color variants.

Results: Of the evaluated samples, cold extract of seed kernels has potent cytotoxicity, with ICso values 0.458 and 0.522 mg/ml on both cell lines
than soxhleted ethyl acetate (EA) fractions (0.851 and 0.712 mg/ml). Antimicrobial efficacy against Pseudomonas aeruginosa (18.67+1.15 mm),
Nocardia asteroids (15.00+0.00) and Candida albicans (14.33+0.58) strains were effective for EA (10 mg/well) than chloroform (CH) and methanol
(MT) fractions, but lower concentrations of CH fractions showed higher sensitivity against C. albicans.

Conclusion: Cytotoxic properties of seed kernels could be utilized against various human cancer cell lines to reduce tumor growth, and the
bactericidal and fungicidal efficacy would be helpful in eradicating some common human skin infectious pathogenic microbes.
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INTRODUCTION

Use of natural products as anticancer agents began with folk
medicine, and has been incorporated into ayurvedic and allopathic
systems over the years [1]. Herbal anti-cancer compounds are
unique in their feature of having anti-oxidant and immune-stimulant
activity, preventing cancer growth indirectly along with a direct
cytotoxic effect towards malignant and other apoptotic cells [2]. A
wide variety of natural compounds in traditional medicinal plants
appeared to possess significant cytotoxic as well as chemo
preventive activities. Extracts of Curcuma longa, Desmodium
triangulare, Drosera indica, Ocimum  sanctum, Orthosiphon
thymiflorus, Tinospora cordifolia, Zingiber officinale, etc. possessed
significant antitumor potential against tumor cell lines Dalton’s
Lymphoma Ascites, Ehrlish Ascites Carcinoma and Human Skin
Carcinoma cell lines [3-6].

Genus Thevetia and allied genera of Apocynaceae family are
considered as a storehouse of many secondary metabolites,
especially cardiac glycosides. Even though, they are mainly used in
the treatment of congestive heart failure and cardiac arrhythmia,
their reported efficacy of inducing apoptosis in tumor cells is
noteworthy [7-8]. Studies have revealed the potent cytotoxic and
antiproliferative effects of cardiac glycosides in several cancer cell
lines, including breast, prostate, lung, renal cancers, melanoma,
leukemia and neuroblastoma [9]. Cytotoxic properties of Thevetia
seed extracts against human cell carcinoma and brine shrimp larvae
were also evaluated [10-11].

Besides being a very popular toxicological ornament having
different color blooms in yellow, orange and white shades, the plant
is reported to have many curative effects against snake bites,
scorpion stings, ringworm, leukoderma, wounds and other skin
diseases [12-13]. People living in the warmer climates of India are
more prone to skin irritations like itching, burning, blisters, sores,
rashes, redness and peeling, when infected with some superficial
microbial flora. For many decades, medicinal plants were practiced
by folk people for the treatment of skin infections caused by several

alarming microbial strains. Hence, the present study was aimed to
find significant uses of seed kernels against two tumor cell lines and
some selected pathogenic microbes that cause dermatological
infections in human beings.

MATERIALS AND METHODS

Cytotoxicity on two tumor cell lines was assessed using 70%
methanol extracts of various plant parts. After preliminary
screening, successive fractions of kernel extracts from three morpho
variants were evaluated to compare the antimicrobial efficacy, in
addition to its cytotoxic properties.

Collection of samples

Plants with yellow, orange and white flowers are grown as
ornamentals in different localities of Trichur Dist, Kerala. Various
plant parts (leaves, flowers, fruit rinds and seed kernels) were
collected, washed thoroughly in running tap water, dried in shade
for 2-3 w at room temperature, powdered finely in a homogenizer
and Kkept in airtight containers till further assays were done.

Cold extraction

Cold extraction was carried out by shaking 5 g of air-dried,
powdered samples with 50 ml of 70% methanol in a magnetic stirrer
for 24 h. The supernatant was collected, evaporated to dryness, and
were used for cytotoxicity assays, prepared at concentrations
ranging from 1.0-4.0 mg/ml.

Hot extraction

Accurately weighed seed kernels (30 g) from three morpho variants
were extracted successively [14]using chloroform (CH), ethyl
acetate (EA) and methanol (MT) for 12-18 h, after defatting with 300
ml of petroleum ether (PE, 60-80 °C) in a soxhlet extractor. The
concentrated extracts were used to prepare working samples at
different doses for cytotoxic (0.1-1.2 mg/ml) as well as antimicrobial
(10-0.025 mg/well) analysis.
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Short-term in vitro cytotoxicity assay

The assay was performed using the trypan blue exclusion method of
Talwar [15]. Swiss inbred albino mice are maintained in the Animal
house of Amala Cancer Research Centre, Trichur by weekly
inoculation with two tumor cell lines: Dalton’s Lymphoma Ascites
(DLA) and Ehrlich’s Ascites Carcinoma (EAC). Cell lines were
aspirated from the intraperitoneal cavity using a sterile disposable
syringe and were suspended in 0.2 M PBS (phosphate buffered
saline, pH 7.4). After adjusting the cell density at 1x106cells/ml, it
was suspended with varying concentrations of extracts, and
incubated for 3 h at 37 °C. Cell viability was assessed by adding 100
ul of trypan blue dye. Using hemocytometer, viable and nonviable
cells were counted, and ICsp values were recorded. Control
experiments were also carried out in triplicates.

Antimicrobial assay

Pure cultures of all experimental bacteria and fungi were obtained
from the Microbial Type Culture Collection and Gene Bank (MTCC),
Chandigarh and from Amala Medical Institute of Sciences, Trichur.
Pathogenic strains used for the study were three-gram positive
bacteria (Staphylococcus aureus, Streptococcus pyogenes, Nocardia
asteroids), two-gram negatives (Pseudomonas aeruginosa, Proteus
mirabilis) and two fungal strains (Candida albicans and Trichophyton
rubrum). Using the standard agar well diffusion protocol [16], in
vitro assays of all four fractions were carried out on nutrient agar
medium (Hi-media) prepared in UV sterilized disposable petri
dishes (Tarson). The labeled plates were inoculated with respective
organisms, loaded with samples of varying concentrations; and after
the incubation (37 °C) period the zone of inhibition was recorded in
millimeters. Gentamicin and Fluconazole (25 & 50 pg/well/disc)
were used as positive controls for bacteria and fungi, and dimethyl
sulfoxide (DMSO) as a negative control.

RESULTS

Cytotoxicity evaluation using 70% MT crude extract showed that the
efficacy differed greatly in various plant parts. The seed kernel
extract showed 100% cell death on both cell lines DLA and EAC at a
concentration of 1.2 mg/ml. Lower concentrations (0.1-0.2 mg/ml)
did not affect the viability of the cells markedly, but as the
concentration increased from 0.4 to 0.6 mg/m], a sudden and drastic
increase in cell death was observed. Above this concentration, more
than 80 % of the cells were nonviable with a steady increase, and the
ICso values were calculated as 0.458 mg/ml (Fig.1A) and 0.522
mg/ml (fig. 1B) respectively for both DLA and EAC. Meanwhile, the
50 % inhibition values of leaf extracts were observed as 2.5 mg/ml
and 2.8 mg/ml, and flower extracts as 3.4 and 3.5 mg/ml, but rind
extracts failed to cause death in minimum 50 % of cancer cell lines
even at a concentration of 4 mg/ml. After noticing the response of
various plant parts, samples were selected that showed the highest
efficacy on both tumor cell lines. Accordingly, excluding PE fraction,
remaining seed fractions (CH, EA and MT) were evaluated at
concentrations ranging from 0.1-1.2 mg/ml. EA fractions of yellow,
orange and white flowered plants (YSEA, OSEA, WSEA) showed 50
% cell death at a concentration of 0.851, 1.142 and 1.127 mg/ml on
DLA cell lines, whereas EAC cell lines showed better cytotoxic effects
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with ICso values 0.712 (YSEA), 0.908 (OSEA) and 0.905 (WSEA)
mg/ml. The viability of tumor cells did not lose markedly at the
studied concentrations for both CH and MT fractions of three colour
variants.
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Fig. 1: Cytotoxicity of 70% MT extract of seed kernels on cell
lines A) DLA B) EAC
Values are mean+SD

The antimicrobial activity was evaluated at different concentrations
(10-1.25 mg/well), and the results were compared among the
fractions of three colour variants. The PE fraction or the seed oil
could not inhibit the growth of any pathogenic organisms, even
though varying concentrations were tested in laboratory conditions.
The CH fraction was less effective at higher doses against most of the
pathogens but responded effectively at very low concentrations
(0.5-0.025 mg/well) against the fungal strain C. albicans (fig. 2 d-e).
Among the gram-positive strains, sensitivity (YSEA) decreased in the
order N. asteroids (15.00+0.00), S. pyogenes (12.50+0.50) and S.
aureus (12.33+0.58). Comparing the activity between white and
orange variants, EA fraction of WSEA and OSEA inhibited the growth
of P. aeruginosa excellently with 23.67+£0.58 and 20.00+1.00 mm
clear zones. Among the fungal pathogens, C. albicans was more
sensitive (14.33+0.58) than T. rubrum (11.67+0.58) at 10 mg/well.
Both bacteria and fungi showed moderate susceptibility to MT
fractions with intermediate inhibition zones ranging from 9.67+0.58
to 12.50+0.71 mm (YSMT), and almost identical activity was noticed
by other variants (OSMT and WSMT) also (table 1).

Table 1: An antimicrobial activity of EA, MT fractions of seed kernel extracts of three morpho variants (10 mg/50 pl/6 mm well; zone of

inhibition in mm)

Organisms EA MT

YS 0S wSs 0sS WS +ve control
Gram-positive bacteria Gentamicin
S. aureus 12.33£0.58 13.00£0.00 12.67+0.58 10.00£0.00 13.00£1.00 10.67+0.58 19.78+1.21
S. pyogenes 12.50£0.50 13.00£1.00 13.67+0.58 11.00£1.00 11.00£0.00 11.00£0.00 15.56+0.87
N. asteroids 15.00£0.00 15.33+0.58 14.33+£1.15 11.33+0.58 11.33£0.58 11.33£0.58 22.78+0.39
Gram-negative bacteria
P. aeruginosa 18.67+£1.15 20.00+1.00 23.67+0.58 9.67+0.58 11.67+0.58 10.00£2.00 28.33+0.72
P. mirabilis 13.00£0.00 10.67+0.58 11.00£1.00 11.00£1.00 12.33£0.58 11.67£1.53 31.22+0.53
Fungal strains Fluconazole
C. albicans 14.33+0.58 13.00£1.00 13.67+0.58 12.50£0.50 13.50£0.71 11.00£1.73 11.73+0.82
T. rubrum 11.67+0.58 12.67£1.53 10.00£0.00 12.50£0.71 12.00£0.00 12.50£0.71 13.44+0.58

Values are mean+SD; YSEA, OSEA, WSEA, YSMT, OSMT, WSMT-Ethyl Acetate and Methanol fractions of Yellow, Orange and White variant seed kernels
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Fig. 2: Antimicrobial activity of different fractions (PE, CH, EA &
MT) of Thevetia peruviana seed Kernel extracts of three
morphovariants and its comparison (concentration mg/well)

a) S. aureus (YSPE: 5, 2.5, 1.25 mg) b) N. asteroids (YSMT, OSMT,
WSMT: 10 mg) c) N. asteroids (YSEA, OSEA, WSEA: 10 mg) d) C
albicans (OSCH: 0.5, 0.25, 0.05, 0.025 mg) e) C. albicans (WSCH: 0.5,
0.25, 0.05, 0.025 mg) f) T. rubrum (YSMT, OSMT, WSMT: 10 mg)

DISCUSSION

Cytotoxicity assays normally involve short-term exposure of
cultured normal or transformed cells to test substances in order to
predict potential toxicity. It also provides insight towards the
carcinogenic and genotoxic dispositions of herb-derived compounds
and extracts [17]. Among various parameters to detect cytotoxicity,
the trypan blue test is often used to measure cell membrane
integrity, as it forms a functional barrier around the cells which
regulate and interchange molecules into and out of cells.

Present results revealed that cold methanol extract of seed kernels
has strong cytotoxic properties compared to hot fractions. A dose
dependent and sharp reduction in tumor cell viability has been
observed in vitro, against DLA and EAC cell lines. It might be due to
speculation that the extracts stimulate the growth and activity of
immune cells by the production of interleukins, which target tumor
cells and cause lysis of the tumor cells by indirect cytotoxic
mechanism [3]. The results implied that seed kernels have a potent
anticancer effect on malignant cell lines. But the ability of flower and
fruit wall extracts in destroying the tumor cells by destructing their
cell walls was found to be relatively poor. However, leaf extracts
showed some cytotoxic effects on both cell lines at higher
concentrations. Out of various soxhlet fractions of seed kernels, EA
extract was found to act fairly better than CH and MT fractions.

The cytotoxic efficacy can be correlated with the amount of cardiac
glycosides located in various plant parts. The cytotoxic property of
many cardenolides has been previously noted by Hartwell [18]. Two
known cardiotonic glycosides, neriifolin and 2’-acetyl neriifolin of
Thevetia thevetioides exhibited cytotoxic activities in the KB (human
nasopharynx epidermoid carcinoma) in vitro system at 2.2x10-2 and
3.3x102 pg/ml [10]. Kumar et al. [19] reviewed the anti-cancerous
properties of oleandrin, a cardiac glycoside from Nerium oleander
Linn against various cultured cell lines. Similarly, three cardenolide
glycosides (neriifolin, 3'-O-methylevomonoside and ‘2 -acetyl-
neriifolin) extracted from the wood of Thevetia ahouai exhibited a
distinctive pattern of differential cytotoxicity against human
disease-oriented tumor cell lines [20].

Bactericidal and fungicidal efficacy of the seed oil was evaluated and
showed that it failed to inhibit the growth of any organisms, even
though varying concentrations were applied to the culture plates
(fig. 2a). Meanwhile, a skin care herbal lotion was prepared by
Kareru et al. [21] using Thevetia seed oil against S. aureus and E. coli,
after analyzing its antibacterial properties. Only S. pyogenes and N.
asteroids responded with minimum inhibition zones (11.00+1.00)
against the CH fraction (10 mg/well), whereas C. albicans responded
with maximum inhibition zones (24.00+£1.00) at lower doses (0.25
mg/well) of all three morphoforms.
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Plant based natural constituents can be derived from any part of the
plant like bark, leaves, roots, fruits, seeds and fruit rinds [22].
Studies on the antimicrobial properties of leaves of yellow flowered
Thevetia [21] and its seed kernels [23] had proved significant
activities against a wide range of bacterial and fungal pathogens.
Investigations conducted by Hassan et al [11] revealed the
antidiarrheal and cytotoxic activities against albino rats and brine
shrimp eggs. The well-recommended use of seed extracts against
agri-horticultural pests [24] and cotton pests [25] were also
noteworthy, in addition to its potential usage as fungicides and
bactericides against some common infectious microbes [26]. The
present results showed that EA fractions have the highest activity
against most of the tested organisms than MT fractions, similar to
the earlier observations shown by leaf, flower and rind extracts
[27-29].

Preliminary screening for secondary metabolites revealed that the
seeds were enriched with terpenoids, steroids and cardiac
glycosides; of which terpenoids are the precursor molecules of
steroids and cardiac glycosides. Most of the secondary metabolites
either acted individually or synergistically; and of course, seeds
possess promising drug components for cancer therapeutics and
microbial disinfection, which can be easily, extracted using cheaper
organic solvents.

CONCLUSION

The present study revealed that crude 70% methanolic extract of T.
peruviana seeds displayed strong cytotoxic potential against both
DLA and EAC tumor cell lines than hot extracts. EA is the most
effective solvent in extracting many of the active biomolecules than
CH and MT. These solvents could be effectively utilized for the
successful extraction of various biomolecules useful against cancer
cell lines as well as microbial infections for the development of
valuable drugs.
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