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Introduction
Cancer is a term for a large group of 
different diseases, all involving uncontrolled 
cell growth.[1] In 2008, approximately 
12.7 million cancers were diagnosed 
worldwide. Cancer has been a major cause 
of death where it account for approximately 
13% of all deaths in each year.[2] Because 
of associated side effects and toxicity of 
synthetic chemotherapeutic drugs, it would 
be important to discover new biologic agents 
that are less toxic for normal cells and 
possess potential antiproliferative effects on 
cancer cells. Screening active compounds 
from plants, lead to the discovery of new 
medicinal drugs that are promising for the 
treatment of various diseases including 
cancer. Isolation and identification of 
some potent antitumor compounds such 
as colchicine, vincristine, vinblastine, 
podophyllotoxin, and taxol from plants have 
encouraged scientists to screen different parts 
of plant species against cancer cell lines.[3‑5]
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Abstract
Background: Cancer is a term for a large group of different diseases, all involving uncontrolled cell growth. 
Many of Euphorbiaceae plants have been traditionally used for the treatment of ulcers, tumors, warts, and 
other diseases. In addition, in the last decade, there are studies showing cytotoxic effects of different species 
of Euphorbia on tumor cell lines. In this study, we attempted to determine if Euphorbia turcomanica 
possess any cytotoxic activity. Materials and Methods: Solvents extracted the plant powder with 
various polarities by a maceration method, and qualitative phytochemical analyzes were carried out 
on them to identify the constituents. On the other hand, the possible cytotoxicity of different extracts 
on Hela and HT‑29 tumor cells was measured by 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide assay and 50% reduction in cell survival was considered as a cytotoxic effect. Analyze of 
variance followed by Student‑Newman‑Keuls test was used to see the differences among the groups. 
Results: Phytochemical analysis of E.  turcomanica showed the presence of flavonoid, alkaloid, 
anthraquinone and tannin in plant aerial parts. Methanol‑water, acetone, dichloromethane, methanol, 
and heptane extracts of E.  turcomanica significantly reduced viability of Hela cells  (P  <  0.05) 
with inhibitory concentration 50%  (IC50) of 50, 90, 230, 420, and 450  µg/ml, respectively. While 
methanol‑water, dichloromethane, methanol, ethyl acetate, and heptane extracts were cytotoxic with 
IC50 of 43, 115, 125, 250, and 390 µg/ml, respectively  (P  <  0.05), on HT‑29  cells. Conclusion: It 
can be concluded that E. turcomanica is a good candidate for further study toward cytotoxic agents.
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Euphorbiaceae is a large family of 
flowering plants with 300 genera and 
around 7500 species. Most are herbs, but 
some, especially in the tropics, are also 
shrubs or[6] Euphorbia is a genus of plants 
belonging to the family Euphorbiaceae 
consisting of 2008 species.[7] About 
70 species of Euphorbia grow in Iran, 
among them 17 are endemic.[8] These 
plants are annual or perennial herbs with 
a caustic, poisonous milky sap  (latex). 
Many of Euphorbiaceous plants have 
been traditionally used for the treatment 
of ulcers, tumors, warts, and other 
diseases.[9]

Recent studies suggested that isolated 
polycyclic diterpenoids and triterpenoids 
from the Iranian Euphorbia species have 
strong cytotoxic activity.[10] Moreover, 
it was showed that Iranian Euphorbia 
species inhibit proliferation of tumor cells 
and possess immunomodulatory effects on 
lymphocytes.[11]
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To our knowledge, anticancer activities of Euphorbia 
turcomanica extracts have not yet been examined. 
Therefore, the object of this study was to examine the 
cytotoxic effect of different E.  turcomanica extracts on 
cervical cancer cell line  (Hela) and human colorectal 
carcinoma (HT‑29).

Materials and Methods
Materials and chemicals

RPMI1640, fetal calf serum  (FCS), sodium pyruvate, 
trypsin, L‑glutamine were obtained from Gibco Co (USA). 
Ethyl acetate, heptane, acetone, dichloromethane, 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT), NaCl, KCl, NaOH, HCl, H2SO4, NaHCO3, 
and Na2HPO4 were purchased from Merck Co., (Germany). 
Hela and HT‑29  cells were obtained from pasture 
Institute  (Tehran, Iran). All other chemicals were supplied 
by Sigma Aldrich (USA) unless mentioned otherwise.

Plant collection and authentication

Fresh aerial parts of E.  turcomanica were collected 
from the central part of Iran near Isfahan in June 2011. 
Mr. Bahram Zehzad authenticated the plant, Department 
of Biology, University of Shahid Beheshti, and a voucher 
specimen of the plant  (No.  2410) was deposited in the 
herbarium of School of Pharmacy and Pharmaceutical 
Sciences, Isfahan University of Medical Sciences, Isfahan, Iran.

Extraction and isolation

The aerial parts of the plant were air dried at room 
temperature and grounded into a fine powder. The herb was 
extracted by maceration method. The powdered aerial parts 
were extracted with the different solvent system in order of 
decreasing polarity. Heptane, ethyl acetate, dichloromethane, 
acetone, methanol, and methanol‑water  (70–30) were used 
as solvents separately. Dried powder  (50  g) was soaked 
in 100  ml of solvent for 24  h under occasional shaking, 
and the process was repeated three times. The extracts 
were concentrated to dryness using a rotary evaporator 
under reduced pressure. The extracts obtained were finally 
freeze‑dried to remove any residual water. The extraction 
procedures were performed in dim lighting, and all the 
dried extracts were stored at 4°C until use.

Preparation of the extracts

Dried residues  (10  mg) were dissolved in 100 µl of 
dimethyl sulfoxide  (DMSO) and diluted to a final volume 
of 2  ml with distilled phosphate buffer saline then filtered 
through 0.22  µ microbiological filters. Dilution was 
continued to obtain working concentration of 1, 10, 20, 50, 
100, and 500 µg/ml.

Preliminary phytochemical analyzes

The presence of flavonoids, tannins, glycosides, 
alkaloids, saponins, and anthraquinones in the aerial of 

E.  turcomanica were carried out on the specimen using 
standard procedure to identify the constituents as described 
earlier.[12‑14]

Determination of alkaloids

Plant powdered specimen  (200  mg) was boiled with water 
and 10  ml of hydrochloric acid on a water bath. Finally, 
it was filtered, and its pH was adjusted with ammonia to 
about 6–7. One milliliter of the filtrate was treated with a 
few drops of Mayer’s reagent (potassium mercuric iodide 
solution). In addition, 1  ml portion was treated similarly 
with Wagner’s reagent (solution of iodine in potassium 
iodide). Turbidity or colored precipitation with either of 
these reagents was taken as evidence for the presence of 
alkaloids.[13]

Presence of cardiac glycosides

A few drops of the Baljet’s reagent  (picric acid, ethanol 
and sodium hydroxide) were added to 2–3  mg of sample. 
Orange indicated a positive reaction to deep red color.[12]

Tannins testing

One gram of sample was boiled with 20 ml distilled water 
for 5 min in a water bath and filtered while hot. Then 1 ml 
of cool filtrate was diluted to 5  ml with distilled water 
and a few drops  (2–3) of 10% ferric chloride were added 
and observed for the formation of precipitates and any 
color change. A  bluish‑black or brownish‑green precipitate 
indicated the presence of tannins.[12]

Test for flavonoids

One gram of powdered sample was boiled with 10  ml of 
distilled water for 5 min and filtered while hot. A few drops 
of 20% sodium hydroxide solution were added to 1  ml of 
the cooled filtrate. A  change to yellow color which on the 
addition of acid changed to colorless solution depicted the 
presence of flavonoids.[14]

Test for saponins

The extract solution (1 ml) was diluted with distilled water 
to 20  ml and shaken for 15  min in a graduated cylinder. 
Development of stable foam suggests the presence of 
saponins.[14]

Test for combined anthraquinones

Powdered sample  (1  g) was boiled with 2  ml of 10% 
hydrochloric acid for 5  min. The mixture was filtered 
while hot and the filtrate was allowed to cool. The 
cooled filtrate was partitioned against the equal volume 
of chloroform, and the chloroform layer was transferred 
into a clean, dry test tube using a clean pipette. An 
equal volume of 10% ammonia solution was added into 
the chloroform layer, shaken and allowed to separate. 
The separated aqueous layer was observed for any 
color change. Rose pink color indicated the presence of 
anthraquinones.[14]
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Maintenance of human cell lines

Cells were grown in RPMI‑1640  (supplemented with 
10% of FCS, penicillin/streptomycin  [50  IU/ml and 
50 µg/ml, respectively], sodium pyruvate [1 mM], NaHCO3 
and L‑glutamine [2 mM]). Completed media was sterilized 
using 0.22 µm microbiological filters and kept at 4°C prior 
to use. Cells were maintained and grown in RPMI 1640 up 
to 15 subcultures.

Cytotoxicity assay

The different extracts of E. turcomanica were tested for in vitro 
cytotoxicity against Hela and HT‑29 human tumor cell lines 
by a colorimetric assay, using 3‑(4,5‑dimethylthiazol‑2‑yl) 
2,5‑diphenyltetrazolium bromide  (MTT).[15] This assay 
is based on the metabolic reduction of soluble MTT by 
mitochondrial enzyme activity of viable tumor cells, into an 
insoluble colored formazan product, which can be measured 
by spectrophotometer after dissolving in DMSO. Overall, 
180 µl of cells (5 × 104 cells/ml of media) were seeded in 96 
well microplates and incubated for 24 h (37°C, 5% CO2 air 
humidified). Then the cells were treated with 20 µl of each 
concentration of different extracts and microplates containing 
cells and extracts were incubated for another 72 h in the same 
condition. Doxorubicin was used as a positive control. The 
first column of each microplate was assumed as a negative 
control (containing no extracts or doxorubicin). To evaluate 
cell survival, 20 µl of MTT solution (5 mg/ml in phosphate 
buffer solution) was added to each well and incubated for 
three h. Then gently 150 µl of old medium containing MTT 
was replaced by DMSO and pipetted to dissolve any formed 
formazan crystals. Absorbance was then determined at 
540  nm by ELISA plate reader. Each extract concentration 
was assayed in eight wells and repeated three times. Standard 
curves  (absorbance against a number of cells) for each cell 
line were illustrated. Intraday and interday variations were 
determined. Based on standard curves, percent cell survival 
was calculated. Percent of cell survival in DMSO (0.5% as a 
negative control) was assumed 100.

Statistical analysis

SIGMASTATTM  (Jandel Software, San Raphael, CA, USA) 
was used to perform statistical tests. Analysis of variance 

followed by Student‑Newman‑Keuls test was used to 
see the differences among groups. The significance was 
assumed at the 5% level.

Results
Preliminary phytochemical studies

The results of the phytochemical analysis of the aerial parts 
of E.  turcomanica suggested the presence of flavonoid, 
alkaloid, anthraquinone, and tannin [Table  1]. However, 
cardiac glycosides and saponin were not detected.

Cytotoxic effect of Euphorbia turcomanica

A good relationship between absorbance and the number of 
cells was observed for Hela and HT‑29 cell lines, (R2 = 0.975 
and 0.985, respectively). Intraday and interday variations 
for all standard curves were acceptable  (%coefficient of 
variation <15). Doxorubicin (20 µg/ml), a known cytotoxic 
antibiotic, as a positive control significantly inhibited 
the proliferation of both cell lines to  <25%. Extracts 
were considered cytotoxic when cell viability decreased 
to <50%.

To assess acceptable cell lines incubation time with herbal 
extracts, the growth curve of each cell lines were plotted. 
According to the measured data, 48 h incubation time was 
used for MTT cytotoxicity assay.

The antiproliferative effects of different extracts of 
E.  turcomanica on Hela and HT‑29  cells were assessed 
by MTT‑based cytotoxicity method. Methanol‑water, 
acetone, dichloromethane, methanol, and heptane extracts 
of E.  turcomanica significantly reduced cell viability 
of Hela cells with inhibitory concentration 50%  (IC50) 
of 50, 90, 230, 420, and 450  µg/ml, respectively 
[P < 0.05, Figure 1a and b].

Methanol‑water, dichloromethane, methanol, ethyl 
acetate, and heptane extracts of E.  turcomanica were 
cytotoxic on HT‑29  cells with IC50 of 43, 115, 125, 250, 
and 390 µg/ml, respectively  [P  <  0.05, Figure  2a and b]. 
However, ethyl acetate extract of E.  turcomanica on Hela 
cells and acetone extract of this plant on HT‑29 cells could 
not reduce cell viability to <50% up to a concentration of 
500 µg/ml.

Table 1: Phytochemical analysis of the aerial parts of E. turcomanica
Phytochemical Type of test Positive control E. turcomanica
Alkaloids Wagner D. metel ++

Mayer D. metel +
Cardiac glycosides Baljet D. nervosa −

Kedde D. nervosa −
Tannins Ferric chloride Theasinesis +
Flavonoids Wilson‑Tabuk Crataegus curvisepela ++
Saponins Foam test Z. spina‑Christi −
Antraquinones Borntrager Cassia ovate +
−: Not detected, +: Present in low concentration, ++: Present in moderate concentration, E. turcomanica: Euphorbia turcomanica, 
D. metel: Datura metel, Z. spina‑Christi: Ziziphus spina‑Christi, D. nervosa: Digitalis nervosa
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Discussion
Cancer is one of the most dangerous, fast progressive with 
huge mortality rate diseases of the present century even in 
the developed countries. Roughly 60–75% of currently used 
anticancer agents are derived from natural sources,[16,17] in 
which it have been shown that Euphorbia spp. is promising 
plants antitumor activity.[18,19]

In this regard, the cytotoxic effects of six different extracts 
of E.  turcomanica were evaluated against two tumor cell 
lines using MTT assay. Methanol‑water and acetone 
extracts of E. turcomanica exhibited statistically significant 
cytotoxic activity on Hela cells with IC50 values of 
(50 and 90 µg/ml, respectively). However, acetone extracts 
of E.  turcomanica only significantly inhibited cell growth 
in Hela cells with no effect on HT‑29  cells. Ethyl acetate 
extracts of E.  turcomanica did not show considerable 
cytotoxicity on Hela cells in concentrations tested. This 
could be explained by different susceptibility of tumor cells. 
Javidnia and co‑workers showed that Euphorbia hebecarpa 
extracts were cytotoxic for K562 and U937  cells while 
they had no effects on KB cells.[20] Ethyl acetate extract 
was more effective on HT‑29  cells than Hela cells. These 
findings are consistent with those of Sadeghi‑Aliabadi et al. 
who showed that ethyl acetate extracts of E.  macroclada 
were cytotoxic against MDA‑MB‑468  cells.[21] Various 
studies have shown that flavonoids possess cytotoxic 
effects on different cell lines.[22,23] Phytochemical test for 

flavonoids showed that E.  turcomanica contain flavonoids 
so it can be concluded that at least some of the cytotoxic 
effects of this plant is due to the presence of flavonoids. 
As methanol‑water and acetone extract of E.  turcomanica 
showed more cytotoxicity and the fact that this solvent 
could better extract flavonoid glycosides,[24] it can be 
suggested that these compounds are involved in the 
cytotoxicity of E. turcomanica.

Recent studies suggested that the main chemical ingredients 
of Euphorbiaceous plants are diterpeneesters, triterpenoids, 
alkaloids, acetophenone derivatives, organic acid, and 
flavonoids.[25,26] It was also showed that Euphorbia 
plants exhibited a broad range of biological activities 
such as antianaphylactic, antioxidative, antiproliferative, 
antiarthrtic, antimicrobial, and cytotoxic activities.[27,28]

From our findings it could be inferred that E.  turcomanica 
constituents extracted by polar solvents possess possible 
cytotoxic activity against two human tumor cell lines and 
it needs further investigations for the purification and 
identification of the active constituents as a new cytotoxic 
agent.
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Figure  2: The effects of different extract of Euphorbia turcomanica on HT‑29  cells. Cell viability was assessed by 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5-
diphenyltetrazolium bromide assay. Survival percent in control group was supposed 100%.  (a) Acetone, heptane, and ethyl acetate extracts 
and (b) methanol‑water, methanol, and dichloromethane extracts. *P < 0.05

ba

Figure 1: The effects of different extract of Euphorbia turcomanica on Hela cells. Cell viability was assessed by 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide assay. Survival percent in control group was supposed 100%. (a) Acetone, heptane, and ethyl acetate extracts and (b) methanol‑water, methanol 
and dichloromethane extracts *P < 0.05, n = 9

ba
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