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Abstract

Background: Natural products played an essential role as a complementary cytotoxic agent avoiding complications
of other therapies. In phytoformulation research, herbal drugs of nano-size have attracted more attention for more
bioavailability and less active dose. We aim in this work to introduce new non-mutagenic cytotoxic agent from
Thevetia peruviana leaves extracts and potentiate the activity by loading upon microemulsion formulations as an
advanced mode of drug delivery system.

Results: Thevetia peruviana toxicity test revealed its safety (LD50 = 3.083 g/kg). In vivo genotoxicity tests measuring
chromosomal aberrations were done to prove non-mutagenicity of the plant for both somatic and germ cells. The
plant showed antioxidant activity with 121.215, 128.925, and 120.098 mg/g extract, calculated as Trolox equivalent
(TE/g) for DPPH, ABTS, and FRAP assays, respectively. Successive extracts of the plant were incorporated in
microemulsion formulations (MEF) and characterized for their electrical conductivity, poly-dispersity index, and
in vitro drug release action. Cytotoxic activity of successive extracts was investigated against breast MCF7 and liver
HEPG2 carcinoma cell lines before and after loading upon MEs. Enhancement in activity was detected for both pet.
ether and ethanol MEFs, as IC50 of pet. ether extract decreased from 25 to 6.5 μg/ml against MCF7 cell line, while
ethanol formulation recorded IC50 = 3.58 μg/ml against HEPG2 cell line after showing no activity of the extract at
the tested concentrations.
Regarding metabolites of polar fraction, total ethanol extract was estimated for total phenolic and flavonoid
contents to record 47.7941 mg GAE/g calculated as gallic acid equivalent and 32.7667 mg CE/g measured as
catechin equivalent, respectively. HPLC analysis for polar fraction recorded twelve compounds identified according
to the available authentics with rutin the major flavonoid (7.33 mg/g) and rosmarinic acid (13.48 mg/g) the most
abundant phenolic acid. Phytoconstituents of non-polar fraction were investigated after saponification of pet. ether
extract using GC/MS analysis revealed the identification of 88.02% of the total unsaponifiable matter and 89.17 % of
the total saponifiable matter.

Conclusion: Thevetia peruviana is a safe cytotoxic agent. Microemulsion formulations of active extracts potentiate
the cytotoxic actions against HEPG2 and MCF7 cell lines with better bioavailability and less medicinal doses.
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Background
The number of deaths because of cancer is in continuity
rise worldwide as World Health (WHO) Organization
stated http://www.who.int/cancer/en/index.html. Natural
products played an essential role in cytotoxic pharmaceut-
ical drug discovery avoiding serious troubles that accom-
panied chemo and radio-therapies. Researches of natural
products with help of advanced analytical techniques have
been focused to introduce nutraceuticals as complemen-
tary cancer treatment (Cassileth & Deng, 2004). Therefore,
natural cytotoxic drug with different technique of action is
of crucial need for future anticancer agents.
Thevetia peruviana (Apocynaceae), commonly known

as yellow oleander or lucky nut, is native to Central and
South America along with Mexico and is also used in
South-East Asia in folk medicine (Appa Rao et al., 1978;
Samal et al., 1992). T. peruviana is considered as a
household remedy for several ailments: scabies, ulcers,
and hemorrhoids and to dissolve tumors; besides, the
plant is well known for its cardio-active glycosides that
are capable of exerting hearts positive inotropic effects
(Langford & Boor, 1996; Oji & Okafor, 2000). T. peruvi-
ana leaves are well known traditionally as abortifacient
(Samanta et al., 2016), while fruits possess potential anti-
proliferative action on colorectal and breast cancer cells
and could induce apoptosis in human lung and prostate
cancer cells (Ramos-Silva et al., 2017). In addition, T.
peruviana exhibit inhibition of HIV-1 reverse transcript-
ase and HIV-1 integrase (Tewtrakul et al., 2002).
Microemulsion (ME) is an advanced emulsion formula-

tion that appear transparent to the naked eye, their tiny
droplet size offer high thermodynamic stability protecting
them from flocculation, aggregation, coalescence, and Ost-
wald ripening (Solans et al., 2005). Recently, incorporation
of phytochemicals into nano-sized drug delivery formula-
tions facilitate their transport through cell membranes, en-
hance the therapeutic efficacy, minimize adverse effects, and
overcome instability to boost nutraceuticals bioavailability
(Matloub et al., 2018a; Matloub et al., 2018b), knowing that
MEs have increasing interest in pharmaceutical, cosmetic,
and food industries (Rebolleda et al., 2015). Therefore, we
aim in this work to introduce natural cytotoxic agent select-
ive for malignancy versus to be non-mutagenic on normal
cells and potentiate its activity and bioavailability by incorp-
oration in microemulsion formulations along with profiling
its metabolites using advanced techniques.
GC/MS is the analysis technique of our choice for vol-

atilized lipoidal metabolites and fatty acids after derivati-
zation, which has the advantage to separate and quantify
each analyte in a complex mixture (Farag et al., 2017).
But for polar fraction, high-performance liquid chroma-

tography (HPLC) is an efficient and sensitive physico-
chemical technique used for metabolite separation,
identification, and quantification (Elsawi et al., 2018).

Material
Plant material
The plant was collected from the Egyptian Orman Gar-
den and was identified by the specialized botanist Trease
Labib, Consultant of Plant Taxonomy at the Ministry of
Agriculture and the former director of Orman Botanical
Garden.

Material for phytochemical screening
Ferric chloride reagent for tannins I2/KI reagent for cou-
marins. Molisch’s reagent for carbohydrates and/or glyco-
sides. Dragendorff’s reagent for alkaloids and nitrogenous
bases, Lieberman-Burchard reagent for sterols and/or
triterpenes. KOH for flavonoids (Shrestha et al., 2015).

Material for median lethal dose (LD50) determination
Animals: Albino mice, ranging 20–25 g, were taken from
animal house colony of National Research Centre,
Dokki, Egypt. Animals were remained under hygienic
conditions with well-balanced diet and water and ethic-
ally approved.

Normal diet
It was made up of vitamin mixture (1%), mineral mix-
ture (4%), corn oil (10%), sucrose (20%), cellulose (0.2%),
casein 95% (10.5%), and starch (54.3%).

Material for in vitro cytotoxic study
Cell lines
Liver carcinoma (HEPG2) and breast carcinoma (MCF7)
were obtained from the American Type Culture Collec-
tion (ATCC, Minnesota, USA). The tumor cell lines
were maintained by serial sub-culturing at the National
Cancer Institute, Cairo, Egypt.

Chemicals and kits
Dimethylsulphoxide (DMSO), RPMI-1640 medium, try-
pan blue, fetal bovine serum, penicillin/streptomycin
antibiotic, and Trypsin-EDTA (Sigma Aldrich Chemical
Co., St. Louis, Mo, USA) and Tris buffer (Applichem,
Germany).

Material for microemulsion (ME)
Tween 80 (Polysorbate 80) and polyethylene glycol 400
(PEG 400) were purchased from Sigma Aldrich Chem.
Co., St. Louis, MO. Capmul MCM C8 was kindly do-
nated by ABITEC Corporations, Cleveland, OH. All
other components were of analytical grade.

Methods
Preparation of the plant extracts
Fifty grams of air-dried powdered leaves of the plant
were exhaustively extracted by reflux using 70% ethanol
to form the crude extract, while another 100 g of the
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dried powder was successively extracted by reflux using
petroleum ether (60–80 °C), chloroform, and 80% etha-
nol. These extracts were evaporated to dryness using ro-
tary evaporator under vacuum at 40 °C.

Determination of median lethal dose (LD50)
Total ethanol extract was tested on uninfected healthy
mice to determine the median lethal dose. LD50 of the
extract was determined using the method described by
(Fayad et al., 2017).

Chromosome aberrations in somatic cells
Chromosome preparations from the bone marrow (som-
atic cells) carried out according to the method reported
in (Aly et al., 2019). One hundred well-spread meta-
phases were analyzed per mouse. Metaphases with gaps,
chromatid break, and fragments, under × 100 magnifica-
tion with a light microscope (Olympus, Saitama, Japan),
were recorded.

Chromosome abnormalities in germ cells
Chromosome preparations from spermatocytes (germ
cells) were made according to the technique reported in
(Aly et al., 2019). One hundred well-spread diakinase-
metaphase I cells were analyzed per animal for chromo-
somal aberrations. Metaphases with X-Y univalents and
autosomal univalents were recorded. Statistical analysis:
the difference between treated groups and controls were
tested with the t test.
Animals’ storage, handling, and feeding have been ac-

cepted by ethical guidelines of NRC Medical Ethical
Committee (Egypt) that proved no suffering of animals
during experiments (Approval no. 15/100).

Antioxidant activity
Determination of radical DPPH scavenging activity
Free radical scavenging capacity of total ethanol extract
was assayed using the stable DPPH* according to
(Hwang & Do, 2014). The final concentration was
200 μM for DPPH* with final reaction volume 3.0 mL.
After 60 min of incubation in the dark, the absorbance
was measured at 517 nm against pure methanol as a
blank. Percent inhibition of the DPPH free radical was
calculated according to the following equation: inhib-
ition (%) = 100 × [(Acontrol − Asample)/Acontrol], where
Acontrol is the absorbance of the control reaction (con-
taining all reagents except the extract) and Asample is the
absorbance recorded in the presence of extract. The
standard curve was prepared using Trolox. Results were
expressed as mg Trolox equivalent (TE)/g sample. Add-
itional dilution was necessary in case the DPPH value
measured exceeded the linear range of the standard.

ABTS radical scavenging assay
The ABTS scavenging capacity of the plant was recorded
by a calibration curve of Trolox. Stock solutions of
ABTS* reagent was prepared followed (Hwang & Do,
2014) by reacting equal amounts of 7 mM aqueous solu-
tion ABTS* with 2.45 mM potassium persulfate and kept
in dark at 25 °C. One-milliliter ABTS* solution was di-
luted with 60 mL of ethanol to water (50:50, v/v) to
measure absorbance of 1.0 ± 0.02 units at 734 nm using
the spectrophotometer. Fifty microliters of total ethanol
plant extract was reacted with 4.95 mL of the ABTS* so-
lution for an hour in the dark. The absorbance was re-
corded at 734 nm by spectrophotometer. % inhibition of
the ABTS* free radical was calculated following this
equation: inhibition (%) = 100 × [(Acontrol − Asample)/
Acontrol], where Acontrol is the absorbance of the control
reaction and Asample is the absorbance with extract. The
standard curve was prepared using Trolox. Result was
expressed as mg Trolox equivalents (TE)/g sample. Add-
itional dilution was required if the ABTS* result was
over the linear range of standard.

Ferric reducing antioxidant power assay (FRAP)
The FRAP assay was done following (Hwang & Do,
2014). Stock solutions were performed of 300 mM acet-
ate buffer [3.1 g sodium acetate (C2H3NaO2.3H2O) with
16mL glacial acetic acid (C2H4O2), pH 3.6], 10 mM
TPTZ solution in 40 mMHCl, and 20mM ferric chloride
(FeCl3.6H2O) solution. Working solution was ready by
mixing 25mL acetate buffer, 2.5 mL TPTZ solution, and
2.5 mL FeCl3.6H2O solution. Fifty microliters of extract
was ready to react with 3.95 mL of the FRAP solution
for half an hour in the dark. Record of colored [ferrous
tripyridyltriazine complex] was taken at 593 nm. % in-
hibition was calculated following this equation: inhib-
ition (%) = 100 × [(Acontrol − Asample)/Acontrol], where
Acontrol is the absorbance of the control reaction and
Asample is the absorbance with extract. The standard
curve was prepared using Trolox. Result was expressed
as mg Trolox equivalent (TE/g sample).

In vitro cytotoxic activity
Potential cytotoxicity of the plant extracts were tested as
cells were inoculated in 96-well microtiter plates in con-
centration of 3 × 103 cell/well in a 150-μL fresh medium
for a day to attach the plates. Different concentrations 0,
5, 12.5, 25, and 50 μg/mL of sample were added, and
cytotoxic activity was recorded as reported in (Skehan
et al., 1990).

Preparation of microemulsion
A microemulsion formulation was prepared where Cap-
mul MCM C8 was chosen as the oil phase, Tween 80 as
a surfactant, and PEG 400 as a co-surfactant. Surfactant
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and co-surfactant were mixed at specific weight ratio of
1:1, then vortexed for 1 min to obtain the surfactant/co-
surfactant (Smix) mixture. Then, distilled water was added
dropwise to the mixture with vortex mixing followed by
sonication for 30min (Bathsonicator, Branson 2510E-
DHT, Richmond, VA, USA) until a homogeneous mixture
is formed. The resulting clear, transparent ME systems
were tightly sealed and stored at ambient temperature till
further investigation.

Preparation of loaded MEs
One hundred milligrams of each of the tested bioactive
fractions was added to 10 ml ME and shaken at room
temperature for 72 h at 100 rpm. Different ME formula-
tions were given codes and are presented in Table 1.

Characterization of optimized MEs
Globule size and polydispersity index determination
The globule size of the formulations and its distribution
(characterized by polydispersity index, PDI) were mea-
sured at 25 °C using Nano-ZS (Malvern Instruments,
Worcestershire, UK). Samples were appropriately diluted
with distilled water in ratio 1:100 before measurement.

Transmission electron microscopy
These studies were performed using incubating shaker
(SR8 PLUS, Handson dissolution tester, USA). The re-
lease medium was 50 ml of phosphate buffer (pH 7.4)
containing 20% ethanol, the temperature was set at 37 ±
0.5 °C, and the revolution speed was 100 rpm. Release
experiments were conducted for 48 h as all tested
preparations.

Electrical conductivity
The electrical conductivity of the selected MEs was mea-
sured using a conductivity meter (Jenway 4071, Stafford-
shire, UK) at 25 ± 2 °C. The electrode was dipped in the
ME sample until equilibrium was reached. Before con-
ductivity measurement, the conductivity cell was cali-
brated using standard KCl solution.

In vitro extract release studies
These studies were performed using the isothermal
shaker (GFL 3032, Germany). The release medium was
50mL of phosphate buffer (PH 7.4) containing 20%
ethanol, the temperature was set at 37 ± 0.5 °C, and the

revolution speed was 100 rpm. Aliquot samples were
withdrawn at predetermined time intervals and replaced
with fresh medium. Release experiments were conducted
for 24 h.

Statistical analysis of ME formulations
Data were expressed as mean ± standard deviation (S.D.)
and were analyzed using one-way analysis of variance
(ANOVA), followed by the least significant difference
procedure using SPSS® software. Statistical differences
yielding p < 0.05 were considered significant.

Estimation of total phenolic content
The total phenolic content was determined according to
the Folin-Ciocalteu procedure (Žilić et al., 2012).

Estimation of total flavonoidal content
The total flavonoid content was determined following
(Žilić et al., 2012) by aluminum chloride (AlCl3) colori-
metric assay.

HPLC analysis of phenolics
HPLC analysis was done following (Kim et al., 2006),
using Agilent Technologies 1100 series liquid chromato-
graph with diode-array detector. Eclipse XDB-C18 (150
× 4.6 μm; 5 μm) column was used with a C18 guard col-
umn (Phenomenex, Torrance, CA). The mobile phase
made up of acetonitrile (A) with 2% acetic acid in water
(v/v) (B). The flow rate was 0.8 ml/min, and the total
run time was 70min. The gradient program was 100% B
to 85% B in 30min, 85% B to 50% B in 20 min, 50% B to
0% B in 5 min, and 0% B to 100% B in 5 min. The injec-
tion volume was 50 μl. Peaks were recorded at 280, 320,
and 360 nm for the benzoic acid and cinnamic acid de-
rivatives. Peaks were recorded for retention times and
UV spectra in comparison with standards.

Investigation of lipoidal matter
Saponification of petroleum ether extract
The petroleum ether extract (1 g) was subjected to sa-
ponification according to the method reported by
(Aboutab et al., 2010).

Preparation of fatty acid methyl esters
The free fatty acids obtained from saponification were
methylated according to the method reported by (Abou-
tab et al., 2010).
GC/MS analysis study of both the unsaponifiable and

saponifiable fractions was carried out to identify their
contents using GC/MS analysis. The constituents were
identified by comparison of their spectral fragmentation
patterns with those of the available database libraries,
Wiley (Wiley International, USA) and NIST (Nat. Inst.
St. Technol., USA), and/or published data (Adams,

Table 1 Composition of prepared ME formulations

System Oil: Smix Oil (%) Smix composition
(Tween 80: PEG 400)

Loaded bioactive
component

ME-F1 10:90 7.78 1:1 Pet. ether extract

ME-F2 Chloroform extract

ME-F3 Ethanol extract
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2009). Quantitative determination was carried out on
the basis of peak area integration.
Conditions: Column capillary column of fused silica,

30 m length, 0.32 mm ID, and 0.25 μm thickness. Sta-
tionary phase: HP-5MS (5% methyl polysiloxane). Car-
rier gas: Helium at 1 ml/min, 13 psi, temperature
programming 60 °C isothermal for 3 min, 60–300 °C at a
rate of 5 °C/min, 280 °C isothermal for 10 min for unsa-
ponifiable matter and 5min for fatty acids methyl esters.
Ionization voltage 70 eV GC/MS, gas chromatograph
coupled with a mass spectrometer detector (EI).

Results
Phytochemical screening of Thevetia peruviana dried
powered leaves
Phytochemical screening of Thevetia peruviana air-dried
powdered leaves was done to identify phytoconstituent
classes. It reveals that the plant is rich in flavonoids, tan-
nins, carbohydrates and/or glycosides and terpenoidal
and/or steroidal compounds, while anthraquinones, cou-
marins, and saponins are nearly absent.

Median lethal dose (LD50) of Thevetia peruviana leaves
ethanolic extract
Median lethal dose of Thevetia peruviana leaves ethanol
extract proved plant safety with high median lethal dose
(LD50 = 3.083 g/kg).

Results of chromosomal aberrations in the bone marrow
and spermatocyte cells (somatic and germ cells)
The results are referred in Tables 2 and 3 that showed
number and percentage of chromosomal aberrations in-
duced in animals treated with total ethanol extract of
Thevetia peruviana leaves at doses 500, 1000, and 1500
mg/kg b.wt for 1 day along with the control group. The
percentage of chromosomal aberrations induced in som-
atic and germ cells was statistically not significantly rela-
tive to non-treated control group, which indicates safety
of the plant to genetic material. This result maybe contrib-
ute to flavonoidal contents in the plant extract as previous
finding confirmed flavonoids inhibition mutagenicity that

may induced by chemical mutagens (Negi, 2003). Accord-
ing to our knowledge, no previously reported data re-
vealed the mutagenic activity of Thevetia peruviana leaves
extracts.

Results of microemulsion formulation
Physicochemical characterization of microemulsions

Globule size analysis The prepared microemulsions
showed a mean droplet diameter of 223.33–265 nm
(Table 4). All MEs showed homogeneous globule size
distribution confirmed with small polydispersity index
(PDI) value < 0.25. It is reported that PDI value < 0.25 indi-
cates a narrow size distribution, while a PDI > 0.5 refers to
a broad distribution (Patravale & A.A., 2004). Unlike coarse
emulsions that are micronized with external energy, MEs
are based on low interfacial tension achieved by adding a
co-surfactant; the addition of the latter leads to spontan-
eous formation of a thermodynamically stable formulation.
The droplet size in the dispersed phase is very small which
makes the ME a transparent liquid (Tenjarla, 1999). This
small average diameter was expected since, in microemul-
sions, the cosurfactant molecules penetrate the surfactant
film, lowering the fluidity and surface viscosity of the inter-
facial film, decreasing the radius of curvature of the micro-
droplets, and forming transparent systems (Tenjarla, 1999).

Morphological examination by transmission electron
microscope (TEM) The morphological examination of
different ME formulations are illustrated by TEM

Table 2 Types and percentage of metaphases with bone
marrow cells’ chromosomal aberrations after plant treatment

Plant Abnormal metaphases No. of different types of aberrations

No. Mean(%) ± SE Chromatid gap Chromatid
break

Fragment

Control 18 3.60 ± 0.52 10 3 5

Extract (mg/kg b.wt)

500 20 4.00 ± 0.42 9 6 5

1000 23 4.60 ± 0.55 10 5 8

1500 25 5.00 ± 0.52 10 6 9

Total number of examined metaphases 500 (5 animals/ group)

Table 3 Types and percentage of metaphases with
spermatocyte cells chromosomal aberrations after plant
treatment

Plant Abnormal metaphases No. of different types of aberrations

No. mice Mean(%) ± SE XY-uni. Auto. Uni.

Control 16 3.20 ± 0.40 13 3

Extract (mg/kg b.wt)

500 16 3.20 ± 0.50 10 6

1000 21 4.20 ± 0.58 16 5

1500 25 5.00 ± 0.48 19 6

Total number of examined metaphases 500 (5 animals/ group)
XY-uni XY-univalent, Auto. Uni. autosomal univalent, SE standard error

Table 4 Characterization parameters of prepared ME formulations

System Globule size (nm) PDI Electrical
conductivity (μS/cm)

ME-F1 230 ± 25.67 0.228 0.09

ME-F2 265 ± 21.21 0.185 1.54

ME-F3 223.33 ± 20.81 0.170 0.7

PDI polydispersity index, ME microemulsion, ME-F1 pet. ether extract of
Thevetia, ME-F2 chloroform extract of Thevetia, ME-F3 ethanol extract
of Thevetia
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photographs (Fig. 1). The images clearly indicated all ex-
hibited discrete globules of spherical shape, with
homogenous size distribution.

Electrical conductivity Electrical conductivity behavior
is an important property of ME. It has been proved to
be the simplest, yet one of the most reliable and con-
venient methods to investigate the structure features of
ME. In the present study, in order to assess the type of
the prepared ME formulations, electrical conductivity
measurements were performed and found to be in the
range of 0.09–1.54 × 10−1μS/cm for ME. As the data re-
vealed, the presented conductivity values are attributed
to the high water content of the ME formulations. Ac-
cording to the obtained results, the type of the MEs is
bicontinuous (Heuschkel et al., 2009).

In vitro drug release studies
Results of extract release from microemulsions are pre-
sented in Fig. 2 that showed great difference in the % re-
leased from ME-F1 (pet. ether), ME-F2 (chloroform), and

ME-F3 (ethanol). The percentage released from the microe-
mulsions containing fractions can be ranked in the follow-
ing order ME-F1 > ME-F3 > ME-F2. The differences in the
release behavior between the prepared formulae were
greatly influenced by the nature of the loaded extracts.
.

Antioxidant activity
The antioxidant activity was done using three different
assays DPPH, ABTS, and FRAP and calculated as Trolox
equivalent (vitamin E analogue), using the standard cali-
bration curve illustrated in Fig. 3.
In DPPH radical scavenging assay, antioxidant reacts

with stable nitrogenous free radical DPPH and converts
its violet color to yellow colored diphenyl-β-picryl hy-
drazine (Wannes et al., 2010). T. peruviana extract re-
cords 121.215 mg TE/g; degree of dis-coloration reflects
the radical-scavenging potential of the plant extract.
ABTS assay determines the oxidation of 2,2′azinobis

(3-ethylbenzthiazoline-sulphonic acid) to give a green-
colored nitrogen centered ABTS·+. Thevetia peruviana

Fig. 1 Transmission electron photomicrographs of prepared MEs: a ME-F1, b ME-F2, and c ME-F3
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leaves extract quenches ABTS·+ cationic radical in refer-
ence to Trolox and resulting in 128.925 mg TE/g.
In addition, FRAP assay revealed that reading colored

complex of ferrous tripyridyltriazine was employed to in-
vestigate the antioxidant potential of T. peruviana total
ethanol extract to reveal 120.098 mg TE/g.

Cytotoxic activity
We investigate successive extracts of T. Peruviana leaves
for cytotoxic activity and record the enhancement in ac-
tivity after incorporation in emulsion formulation of
micro-size particles. Two cell lines of our choice were
liver and breast carcinoma cell lines; the results are illus-
trated in Table 5 and Figs. 4 and 5.
Although the ethanol extract of T. Peruviana leaves

did not exhibit a considerable anti-proliferative effect
on hepato-carcinoma cell line at the chosen tested
concentrations, the ethanol (MEF) exhibited upgrad-
ing in activity to give higher action through formula-
tions with IC50 = 3.58 μg/mL. Another upgrading was
observed for pet. ether (MEF); the activity was poten-
tiated from IC50 = 25 μg/mL to be IC50 = 6.5 μg/mL

against breast carcinoma cell line. Chloroform extract
showed activity, but unfortunately, the formulation
was sparingly soluble which is considered unaccept-
able upon application on the cell lines.
It was concluded that the microemulsion formulation of

T. peruviana leaves used in our study potentiates the cyto-
toxic activity of successive ethanol and pet. ether extracts
against liver and breast carcinoma cell lines, respectively
relative to the common antitumor agent Doxorubicin.

Total phenolic and total flavonoid contents
Concerning the upregulation of T. peruviana ethanolic
extract in activity after incorporation in microemulsion
formulation, beside the well-known anti-oxidative action
of flavonoids and phenolics (Hashem et al., 2007), we
target in this study to have a good insight on polar frac-
tion phytoconstituents by estimating their contents using
standard curves in Figs. 6 and 7. Total phenolic content
of T. peruviana leaves ethanolic extract calculated as
gallic acid equivalent was recorded to be 47.7941 mg
GAE/g, while total flavonoid content as catechin equiva-
lent was 32.7667 mg CE/g.

Fig. 2 Different extracts release from the formulated MEs

Fig. 3 Standard calibration curve of Trolox

El-Sawi et al. Bulletin of the National Research Centre           (2020) 44:93 Page 7 of 14



High-performance liquid chromatography (HPLC) profile
of total ethanol extract of Thevetia Peruviana leaves
Promising antioxidant and cytotoxic activities of T. peruvi-
ana leaves which contribute to the high level of phenolics
and flavonoids in the plant, beside that enhancement in
cytotoxic activity of ethanol extract after microformulation
against HEPG2 cell line, lead us to investigate the chemical
constituents of the plant active fractions using high-
performance liquid chromatography (HPLC) upon three
different wavelengths (280, 320, and 360 nm). Retention
time along with peak area was used to determine and quan-
tify flavonoid and phenolic contents according to available
authentic as shown in Table 6. Twelve compounds were
identified from Thevetia peruviana extract showing ros-
marinic acid the major compound recording 13.5mg/g,
followed by caffeic acid accounting for 10mg/g and chloro-
genic acid amounted for 8.55mg/g while rutin and
apigenin-7-glucoside were the flavonoids detected in our
study representing 7.335 and 3.361mg/g, respectively.

Gas chromatography (GCMS) profile of pet. Ether extract
of Thevetia peruviana leaves
Pet. ether (MEF) showed great improvement in cytotoxic
activity against breast cancer cell line, concerning the decre-
ment of IC50 (μg/ml) from 25 to 6.5 with all advantages of
micro-particles size. On the other hand, no much work was
done previously to investigate the chemical composition of
lipoidal matter of this species. Consequently, we approach
to give deep insight for its chemical composition by saponi-
fication of pet. ether extract to unsaponifiable fraction and
saponifiable fraction. Consequently, saponifiable part was

derivatized by methylation to be volatile and both fractions
were subjected to GC/MS analysis (Tables 7 and 8).
Forty-nine compounds were identified (Table 7) by

GC/MS of unsaponifiable matter, representing about
88.02% of its total content. The identified components
comprise 47.57% unoxygenated compounds and 41.32%
oxygenated compounds including several steroidal/triter-
penoidal compounds (peaks 36, 40, 41, 42, 43, 44, 46,
and 47) amounted for 16.3% from the total identified
compounds. Butylated hydroxytoulene (peak 16, 21.03%)
is the major compound in the unsaponifiable fraction,
followed by phytol (peak 26, 9.84%), squalene (peak 36,
8.84%), and hentriacontane (peak 39, 8.23%).
Twenty-nine fatty acid methyl esters were identified,

representing 89.17% of the total saponifiable matter (Table
8). It can be concluded that octadedecadienoic acid methyl
ester, hexadecanoic acid methyl ester, and dodecanoic acid
methyl ester acid represent the major components (peaks
11, 7, and 2) amounting for 37.82, 21.29, and 8.12%, re-
spectively. Saturated fatty acids represent 45.15% of the
total fatty acid content, whereas unsaturated fatty acids rep-
resent 44.02% of the total fatty acid content, respectively.

Discussion
Cancer is human genetic disease that is caused by muta-
tion happened in growing controlling genes (proto-on-
cogenes and tumor suppressor genes); it is considered as
the principal cause of death nowadays. Mutation is de-
fined as a shift in the sequence of DNA that takes place
during replication, either due to mistakes or as the result

Fig. 4 Cytotoxicity of Thevetia peruviana extracts and ME formulations on liver carcinoma cell line

Table 5 IC50 (μg/ml) of T. peruviana against liver and breast carcinoma cell lines

Pet. ether extract Pet. ether (ME) CHCl3 extract CHCl3 (ME) Ethanol extract Ethanol (ME) Doxorubicin

HEPG2 9.83 8.61 3.43 Not done > 50 3.58 5.87

MCF7 25 6.5 11.2 Not done 16 26.3 3.83
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of environmental stresses such as UV light and smokes,
etc. (Liu et al., 2016).
Chemotherapy and radiotherapy are effective in differ-

ent cancer types, but their activity is often limited by
toxicity to other body tissues. Therefore, other ways of
treatment that avoid the serious problems associated
with radiotherapy and chemotherapy are of crucial need.
Many findings have proven that cytotoxic natural prod-
ucts have played an important role in the innovation of
pharmaceuticals for malignancy disease as complemen-
tary medicine with lesser side effects.
In our study, safety of T. peruviana leaves extract was

confirmed from its high median lethal dose (LD50 = 3.083
g/kg). Moreover, in vivo genotoxicity tests measuring
chromosomal aberrations were done to prove non-
mutagenicity of the plant for both somatic and germ cells
(Tables 2 and 3). These results declare that the plant cyto-
toxic action is selective to cancer cells with no evidence
for harming the normal tissue, an issue with crucial need
in discovering new cytotoxic agents.
In this finding, Thevetia peruviana leaves extracts showed

an activity against liver and breast carcinoma cell lines in
comparison with doxorubicin (Table 5). Successive extracts of
the plant were incorporated in microemulsion formulations

(MEF) and characterized for their global size, electrical con-
ductivity, and polydispersity index to reveal thermodynamic-
ally stable bicontinuous formulations with homogeneous
globule size distribution (Table 4, Fig. 1). In vitro drug release
pattern (Fig. 2) revealed that ethanol MEF, which showed po-
tentiation in cytotoxicity against liver carcinoma cell line, ex-
hibits satisfactory sustained drug release behavior, indicating
their ability to act as a reservoir for the loaded extract versus
rapid release of pet. ether MEF. Cytotoxic activity was poten-
tiated upon application on microemulsion formulations for
pet. ether and ethanol extracts, as IC50 of pet. ether MEF de-
creased to 6.5 (μg/ml) against MCF7 cell line, while ethanol
MEF recorded IC50 = 3.58 μg/ml against HEPG2 cell line
after showing no activity of the extract at the tested concen-
trations. Tween 80 used herein as a surfactant has been re-
ported to accelerate hydrocortisone and lidocaine permeation
(Kogan & Garti, 2006) in addition to have minimal toxicity
(Lawrence & Rees, 2000). PEG 400 is chosen as co-surfactant
for being safe, biocompatible, a known permeation enhancer,
and largely used in topical preparations (Chessa et al., 2011).
As a conclusion, MEFs have proved to increase bioavailability
and minimize the effective dose.
Plant kingdom has diverse of phenolic compounds as

complex organic substance. Phenolic metabolites have the

Fig. 6 Standard calibration curve of gallic acid

Fig. 5 Cytotoxicity of Thevetia peruviana extracts and ME formulations on breast carcinoma cell line
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ability to scavenge free radicals and chelate metals espe-
cially iron which affect both initiation and propagation of
oxidation process. The stability of these metabolites is due
to resonance in the aromatic ring, this ring along with the
carboxyl and hydroxy or methoxy substitution may confer
to the anti-oxidative power (Đorđević et al., 2010; Dai &
Mumper, 2010; Gülcin, 2012). Antioxidant activity calcu-
lated for T. peruviana leaves extract as an equivalent to
Trolox “a vitamin E analogue” using three different assays
revealed its activity to scavenge free radicals and act as a
natural antioxidant agent (see the “Antioxidant activity”
section in the “Results” section). Flavonoids and phenolic
acids have been reported to exhibit a plenty of biological
activities such as antimicrobial, anti-inflammatory, and
antioxidant (Shon et al., 2004). In addition, many findings
have confirmed that plant flavonoids inhibit the mutage-
nicity induced by chemical mutagens (Negi, 2003). The re-
cordable level of phenolic (47.8 mg GAE/g) and flavonoid
(32.7667mgCE/g) contents of Thevetia peruviana leaves
extract may contribute to antioxidant and cytotoxic per-
formance of the plant. High-performance liquid chroma-
tography (HPLC) was the sensitive accurate technique

that used to identify and quantify the polar constitu-
ents in T. peruviana successive ethanolic extract.
Rutin (7.3 mg/g) the major flavonoid detected in our
study has been reported to improve harmful effects
induced by radiation (Radwan & Kenawy, 2008). One
finding reported rutin potential activity against colo-
rectal and lung carcinogenesis (Ben Sghaier et al.,
2016). The significant cytotoxic activity of the polar
fraction could possibly be attributed to its antioxida-
tive stress, a known risk factor of DNA damage and
cancer.
Rosmarinic acid (13.5 mg/g), the most abundant

phenolic acid herein, is one of natural phenolics
found in many Lamiaceae herbs; previous work was
done to prove protective effect of rosmarinic acid
against aflatoxin B1- and ochratoxin A-induced
cytotoxicity in liver carcinoma cell line. In addition,
its ability to reduce production of reactive oxygen
species and apoptosis along with anti-proliferative
effect were investigated and revealed good activity
(Renzulli et al., 2004). In addition, rosmarinic acid
was reported as a potential chemotherapeutic agent
that prevents cardiotoxicity in ADR-treated patients
(Kim et al., 2005).
Dihydroxycinnamic or caffeic acid (10 mg/g) is one of

secondary metabolites that show crucial role as antioxi-
dant, with increasing collagen production that leads to
prevent premature aging and thus used in dermal dis-
eases with antimicrobial activity (Caroline Magnani,
2014). Caffeic acid is known as a natural health supple-
ment and needs for metabolic diseases that shown to
have biological effect in cancer treatment (Khan et al.,
2016). Chlorogenic acid (8.55 mg/g) a polyphenol
present in our diet is proved to have antiproliferative
cytotoxic action against breast carcinoma cell line
(Kampa et al., 2004).
Regarding the cytotoxic potential of lipoidal matter

and its enhancement by incorporation in microemul-
sion formula, GC/MS phyto-constituents of these li-
poids detailed in this platform may contribute to this
promising result. Butylated hydroxytoluene (peak 16,

Fig. 7 Standard calibration curve of catechin

Table 6 HPLC profile of total ethanol extract of Thevetia
peruviana leaves

Compound Rt Conc (mg/g)

Gallic acid 5.5 0.065

Protocatechuic acid 9.5 0.147

p-Hydroxybenzoic 15.1 0.028

Chlorogenic acid 20.6 8.556

Caffeic acid 21.4 9.993

Syringic 23.0 0.042

Vanillic 24.8 0.021

Ferulic acid 31.5 0.064

Rutin 35.8 7.335

Apigenin-7-glucoside 38.8 3.361

Rosmarinic acid 40.0 13.482

Cinnamic acid 42.5 0.196
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21%) the major lipoidal compound in our GC/MS
profile reported for cytotoxicity on leukemia and
squamous carcinoma cell lines with butylated hy-
droxyl anisole to reveal high cytotoxic action and in-
duce apoptosis which may indicate reactive
intermediates resulting from interaction between both
compounds phenoxyl radicals (SH & Fujisawa, 2003).
Phytol (peak 26, 9.8%) is an alcoholic diterpene pro-
duced from chlorophyll used mainly as an aromatic
ingredient or food additive. Its cytotoxic activity was
tested in vitro against tumor cell lines to reveal
concentration-dependent cytotoxicity in all cell
lines tested, with most activity against the breast
adeno-carcinoma cell line (Pejin et al., 2014). Other
previous study demonstrated that phytol induces
apoptosis in human gastric adenocarcinoma (Song &
Cho, 2015).
Seven steroidal compounds were detected in our

study representing 7.5%. Phytosterols have been re-
ported for their inhibition of tumor growth and devel-
opment (Tapiero, 2003). Mechanisms of phytosterols
cytotoxic actions have been studied; one is activation of
sphingomyelin cycle and cause cell apoptosis, other
study proved phytosterols might decrease the metasta-
sis process and initiate apoptosis, besides phytosterols
might alter cell membrane composition and interact
with the membrane enzymes (Awad et al., 2003). Al-
though there is a widespread belief that plants do not
have cholesterol in their metabolites, while (Akihisa,
1991) published that plants contain cholesterol either
free or esterified but its quantity is generally small
when expressed as percent of total lipid and less than
other phytosterols.
Squalene (peak 36, 8.8%) is an antioxidant isopre-

noidal compound that revealed potential cytoprotec-
tive action against chemotherapy-induced toxicity.
Squalene protects light-density bone marrow cells
against cisplatin and carboplatin-induced toxicity

Table 7 GC/MS analysis of unsaponifiable matter of Thevetia
peruviana leaves

No. Rt RRt Area% Compound M.wt

1 6.95 0.32 1.09 Decane 142

2 7.6 0.35 0.33 4-Methyl decane 156

3 8.81 0.4 1.07 2-Methyl decane, 156

4 9.01 0.41 0.17 3-Methyl decane, 156

5 9.55 0.44 0.2 1-Methyl-4-(1-methylethyl)benzene 134

6 9.9 0.45 2.68 Undecane 156

7 10.92 0.5 0.26 Pentyl cyclohexane 154

8 11.57 0.53 0.45 Tetramethyl benzene 134

9 11.82 0.54 0.79 2-Methyl undecane 170

10 12.02 0.55 0.29 3-Methylundecane 170

11 12.92 0.59 3.15 Dodecane 170

12 13.32 0.61 0.31 2,6-Dimethylundecan 184

13 15.82 0.72 0.56 Tridecane 184

14 18.4 0.84 0.21 2-Tetradecene 196

15 20.65 0.95 0.02 2,6-Di(t-butyl)-4-hydroxy-4-methyl-2,5-
cyclohexadiene-1-one

236

16 21.71 1 21.03 Butylated hydroxytoulene 220

17 23.49 1.08 0.36 1-Hexadecene 224

18 24.57 1.13 0.21 1-Butylheptyl- benzene 232

19 26.74 1.23 0.16 1-Pentylheptyl- benzene 246

20 27.13 1.24 0.26 1-Propylnonyl- benzene 246

21 28.09 1.29 0.37 1-Octadecene 252

22 29.29 1.34 0.88 Trimethyl, 2-pentadecanone 268

23 29.89 1.37 4.04 Benzenedicarboxylic acid bis
(methylpropyl) ester

278

24 31.86 1.47 0.3 Benzenedicarboxylic acid dibutyl ester 278

25 32.25 1.48 0.32 3-Eicosene 280

26 34.71 1.59 9.84 Phytol 296

27 36.06 1.66 0.07 5-Eicosene 280

28 37.93 1.74 0.2 Tricosane 324

29 39.05 1.79 0.4 Tetramethyl-heptadecane 254

30 39.56 1.82 0.3 9-Tricosene or cyclotetracosane 322

31 41.28 1.9 0.68 Pentacosane 352

32 42.22 1.94 1.11 Benzenedicarboxylic acid dioctyl ester 390

33 42.86 1.97 0.32 Hexacosane 366

34 44.39 2.04 0.84 Heptacosane 380

35 45.87 2.1 0.56 Octacosane 394

36 46.43 2.13 8.84 Squalene 410

37 47.32 2.17 4.74 Nonacosane 408

38 48.66 2.2 0.5 Triacontane 422

39 50.05 2.3 8.23 Hentriacontane 436

40 50.22 2.31 0.41 Cholesta-5,20-diene-2-ol 398

41 50.58 2.32 0.72 Cholestrol 386

42 51.15 2.35 0.09 Cholesta-5,24-diene-3-ol 398

Table 7 GC/MS analysis of unsaponifiable matter of Thevetia
peruviana leaves (Continued)
No. Rt RRt Area% Compound M.wt

43 52.08 2.39 0.28 Campsterol 400

44 52.55 2.4 0.81 Stigmasterol 412

45 52.71 2.42 3.37 Tritriacontane 464

46 53.46 2.46 1.95 Gamma-Sitosterol 414

47 54.9 2.52 3.2 Lanosta-8,24-diene-3-ol 438

48 56.1 2.58 1.02 Pentatriacontane 492

49 60.84 2.8 0.03 Heptatriacontane 520

Total identified 88.02

RRt retention time relative to butylated hydrox toluene (21.71 min), M.wt
molecular weight
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without protecting tumor cells (Das et al., 2008), a re-
search that adds value to the rule of phyto-
constituents as complementary medicine with antican-
cer drugs.
Natural free fatty acids may be recognized as effect-

ive anticancer agents (Siegel et al., 1987). The major
fatty acid, octadecenoic acid extract with oleic and
linoleic acids revealed cytotoxic and antitumor activ-
ities on human gastric and hepatocellular carcinoma
along with leukemia tumor cells relative to reference
drug 5-fluorouracil, resulting in cell apoptosis/necrosis

beside damaging the tumor cell membrane function-
ally and structurally (Yu et al., 2008).
As a conclusion, the phyto-constituents detected in

our metabolic profile of both polar and non-polar frac-
tions may contribute to the cytotoxic action.

Conclusion
Thevetia peruviana is safe cytotoxic antioxidant active
plant which has no mutagenic effect against normal ei-
ther somatic or germ cells. Loading the extracts on
microemulsion formulations potentiate the pharmaco-
logical activity against liver carcinoma HEPG2 and
breast carcinoma MCF7 cell lines with all the advances
of nanonization that upgrades solubility, stability, and
bioavailability along with reduction in medicinal doses.
Analysis by HPLC showed the presence of various phen-
olic acids and flavonoids, while GC-MS analysis revealed
the presence of other metabolites that are probably in-
volved in the antioxidant and cytotoxic actions observed
in this study. This work presumed potential candidate
for future development of safe nano-cytotoxic agent, and
this finding is courageous for further evaluation of the
inhibitory effect of the plant on various forms of cancer
cell lines. Finally, it is recommended to do further inves-
tigation along with clinical studies on Thevetia peruvi-
ana micro-formulations in a step to formulate a non-
toxic selective anticancer nutraceutical agent.
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Table 8 GC/MS analysis of fatty acids methyl esters from
Thevetia peruviana leaves

No. Rt RRt Area% Compound M.wt

1 19.91 0.57 0.25 Nonaoic acid-9-oxo-methyl ester 186

2 21.94 0.63 8.12 Dodecanoic acid methyl ester 214

3 26.69 0.77 5.88 Tetradecanoic acid methyl ester 242

4 28.52 0.82 1.24 Pentadecenoic acid methyl ester 254

5 28.87 0.83 0.24 Pentadecanoic acid methyl ester 256

6 30.54 0.88 0.25 9-Hexadecenoic acid methyl ester 268

7 31.09 0.89 21.29 Hexadecanoic acid methyl ester 270

8 32.52 0.93 0.12 Heptadecenoic acid methyl ester 282

9 32.98 0.95 1.19 Heptadecanoic acid methyl ester 284

10 34.09 0.98 0.37 Hexadecanoic acid 3-hydroxy
methy ester

286

11 34.61 1 37.82 Octadecadienoic acid methyl ester 294

12 34.65 1.01 4.21 Octadecenoic acid methyl ester 296

13 35.29 1.02 0.95 Octadecanoic acid methyl ester 298

14 36.7 1.06 0.39 Nonadecanoic acid methyl ester 312

15 38.06 1.09 0.39 Eicosenoic acid methyl ester 324

16 38.51 1.11 1.78 Eicosanoic acid methyl ester 326

17 39.03 1.12 0.86 Tetra methyl heptadecan-4-olide 324

18 40.19 1.16 0.36 Heneicosanoic acid methyl ester 340

19 41.83 1.21 0.91 Docosanoic acid methyl ester 354

20 43.39 1.25 0.26 Tricosanoic acid methyl ester 368

21 44.91 1.29 0.72 Tetracosanoic acid methyl ester 382

22 45.43 1.31 0.09 Hydroxytricosanoic acid methyl ester 384

23 46.37 1.33 0.17 Pentacosanoic acid methyl ester 396

24 46.9 1.35 0.13 Hydroxytetracosanoic acid methyl ester 398

25 47.79 1.38 0.36 Hexacosanoic acid methyl ester 410

26 49.16 1.42 0.11 Heptacosanoic acid methyl ester 424

27 50.48 1.45 0.33 Octacosanoic acid methyl ester 438

28 51.8 1.49 0.12 Nonacosanoic acid methyl ester 452

29 53.27 1.53 0.27 Triacontanoic acid methyl ester 466

Total identified 89.17

RRt retention time relative to octadecadienoic acid methyl ester (34.61 min),
M.wt molecular weight
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