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ABSTRACT 
 

Aims: Worldwide, growing interest was given to find new cytotoxic agents that could be used in 
breast cancer treatment. In this context, we have planned to evaluate cytotoxic activity of Inula 
viscosa extracts, on two breast cancer cell lines. The plant was harvested in three different regions 
of Morocco; Imouzzer, Tounate and Sefrou. 
Methodology: The evaluation of cytotoxicity of Inula viscosa ethanol and ethyl acetate extracts of 
the three regions was performed by measuring cell viability using the WST1 test after 72 h of 
exposure.  
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Results: The IC50 of the various tested extracts vary between 100 and 400 µg /ml. Sefrou ethanol 
and ethyl acetate extracts presented the best activities with IC50 values of 195.42 µg/ml and 112.20 
µg/ml, respectively. Chemical analysis of tested extracts showed that the composition of Inula 
viscosa extracts varies by region and impact the corresponding activity. Moreover, the cytotoxic 
activity of Inula viscosa is strongly related to the presence of tomentosine, inuviscolide and 
isocostic acid.  
Conclusion: These preliminary results provide evidence that Inula viscosa induces a significant 
cytotoxic effect on both human cancer cell line, MCF-7 and MDA-MB231. This cytotoxic activity 
could be attributed to the presence and the concentration of tomentosine, inuviscolide and isocostic 
acid.  
 

 
Keywords: Inula viscose; cytotoxic activity; breast cancer; tomentosine; inuviscolide; isocostic acid. 
 
1. INTRODUCTION 
 
Breast cancer (BC) is a serious public health 
concern being the second most common of all 
cancers and by far the most frequent death 
reason of cancer amongst women [1]. BC 
incidence is rising rapidly in low and middle 
income countries (LMC) due to population aging 
and changes in underlying risk factors, in 
particular reproductive patterns [2,3]. 
 
In Morocco, as other developing countries, BC 
represents a serious public health problem since 
it’s the first cancer among women and the third 
one of all registered cancer cases [4,5]. 
 
BC is traditionally treated with a combination of 
chemotherapy and surgery; hormonal therapy 
could be used depending on the stage and 
hormones receptors expressions. Although 
chemotherapies have been found to effectively 
control the progression of BC, the adverse 
effects and the development of resistance to 
anticancer drugs are a common clinical              
problem in the treatment of breast cancer [6]. 
Thus, there is a critical and urgent need for 
developing new therapeutic approaches for this 
disease. 
 
In the quest for new therapeutics, plants were 
and are still considered as one of the main 
sources of biologically active materials. In this 
field, great interest was given to plants used in 
the traditional medicine, as a potential source of 
active compounds. Moreover, products of plants 
are frequently considered less poisonous and 
having fewer side effects than synthetic drugs, 
and consequently still widely used by the 
population to treat several diseases. In the 
Moroccan traditional medicine, as in other 
developing countries, plants are commonly used 
among people of rural communities, and their 
use is increasing in urban populations [7]. 

Inula viscosa L. Ait (Compositae) (common local 
name: Trehla or Magramane) is a perennial plant 
distributed in different regions of the 
Mediterranean Basin [8]. In traditional medicine, 
Inula viscosa L. has many uses, including anti-
inflammatory [9]; anthelmintic [10]; antipyretic, 
antiseptic and antiphlogistic activities [11,12]. 
Moreover, this plant is also used for treatment of 
lung and gastroduodenal disorders [10,13]. 
Crude extracts prepared from different parts of 
Inula viscosa L. (Ait) exhibit antifungal [14], 
antioxidant [15], antiulcerogenic [16] and 
anthelmintic [17] properties and have cytotoxic 
activities on large variety of cancerous cells [18-
23]. Inula viscosa L. is widely characterized by 
the presence of sesquiterpene lactones that are 
involved in many biological effects and 
associated with the main cellular activities, 
especially cytotoxic and anti-inflammatory 
activities [24]. 
 
This study was planned to evaluate the cytotoxic 
activity of different extracts obtained from Inula 
viscosa L on two breast cancer cell lines: MCF7, 
an estrogen receptor-positive cell line, and MDA-
MB-231, an estrogen receptor-negative cell line. 
Indeed, hormone receptors status is widely used 
in the classification of breast cancer and is a key 
marker in breast cancer treatment. On the other 
hand, an interest was given to compare the 
cytotoxic activity of Inula viscosa extracts 
obtained from three different regions of Morocco 
to assess the relationship between site of 
collection, chemical composition and biological 
activity of these extracts. 
 
2. MATERIALS AND METHODS 
 
2.1 Plants Materials Extraction and 

Preparation 
 
Inula viscosa L. was collected from the regions of 
Imouzzer, Sefrou and Taounate (Fig. 1). Plants 
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were identified by Professor Amina Bariin, from 
the Department of Biology, Faculty of Sciences 
Dhar El Mehraz, Fes – Morocco, where 
specimen was preserved and deposited under 
(ADV14101) reference in the University 
Herbarium. Plants were dried for a week at 
ambient temperature and then ground finely. 
Ethanol and Ethyl Acetate extractions were 
performed at the ratio of 10% (w/v) for 3 h under 
agitation [25]; the mixture was then filtered and 
concentrated in vacuum at 45°C to obtain an oily, 
dry and green paste, then stored at 4°C for 
further use. The obtained extracts were dissolved 
in dimethyl sulfoxide (DMSO) to give solution 
stocks of 40 mg/ml and conserved at -20°C until 
use. 
 

 
 

Fig. 1. A map showing the three regions of 
(Sefrou, Taounate and Imouzzer) from where 

Inula viscosa L (Ait) was collected 
 
2.2 Cell Viability Assays 
 
Two well-characterized human breast cancer cell 
lines (MCF-7 and MDA-MB-231) were used in 
this study. MCF-7 and MDA-MB-231 cells were 
grown in Dulbecco’s Modified Eagle’s Medium 
(DMEM) containing 10% fetal bovine serum 
(FBS) and 1% penicillin-streptomycin antibiotics 
in tissue culture flasks under a humidifying 
atmosphere containing 5% CO2 and 95% air at 
37°C. Cytotoxic effect of Inula viscosa L. (Ait) 
Ethanolic and Ethyl Acetate extracts was 
assessed by WST-1 test [3-(4,5-dimethyl thiazol-
2yl)-2,5-diphenyltetrazolium bromide] (Roche 

Diagnostics GmbH, Mannheim, Germany), a 
colorimetric assay that quantifies mitochondrial 
activity and reflects cell viability. Exponentially 
growing MCF7 and MDA-MB-231 cells were 
washed and seeded at 10.000 cells/well, in 100 
µl of growth medium, in 96 well microplates 
(Nunc, Danmark). After, 24 h of incubation, 100 
µl of the medium containing the extracts (initially 
dissolved in DMSO) were added in each well, 
with different concentrations ranging from 15.6 to 
500 µg/ ml, in duplicate, and re-incubated for        
72 h. Then, 100 µl of the medium were aspirated 
and 10 µL of the WST1 were added in each well. 
Cell viability was assessed by absorbance 
reading of each well at 450 nm using a Wallac 
Victor2 multiplate reader. For every test, DMSO 
and mitomycin C (~ 95% HPLC, sigma-Aldrich) 
were tested, representing respectively negative 
and positive controls. 
 
Data are expressed as percentages of 
absorbance between treated and control wells. 
The ����  values, representing concentrations 
which reduce the absorbance of treated cells by 
50%, were obtained from non-linear dose–
response curves, obtained by plotting the 
percentages of inhibition versus the 
concentrations of tested extracts (µg/ml), using 
Origin 7.0 software. 
 
2.3 Gas Chromatography / Mass 

Spectrometry (GC / MS) Analysis 
 
The identification of compounds of Inula viscosa 
L. (Ait) from the three different regions of 
Morocco was performed by GC/MS analysis 
using a Hewlett Packard 5890 II Gaz 
Chromatograph, equipped with a HP 5972 Mass 
selective detector and a VB5 (5% phenyl; 95% 
methylpolisyloxane) capillary column (30 m, 0.25 
mm, film thickness 0.25 µm). Injection volume 
was 1 µl with a splitless; the injector and detector 
temperature was held constant at 250°C. For 
GC/MS detection an electron ionization system 
with ionization energy of 70 eV was used. Helium 
was used as the carrier gas with an inlet 
pressure of 10.48 psi, corresponding to a flow 
rate of 1.0 ml/min. The analytical conditions 
worked the following program: oven temperature 
from 60 to 280°C at rate of 16°C min -1, the final 
temperature of 300°C was held for 10 min. 
Tentative identification of the compounds was 
based on the comparison of their relative 
retention time and spectral mass with those of 
Nist and Wiley7 library data of the GC/MS 
system. 



3. RESULTS 
 
Cytotoxic activities of Inula viscosa 
Ethyl Acetate extracts from the three regions 
were evaluated on two human breast cancer cell 
lines, MCF-7 and MDA-MB231. Th
effect of all extracts was reported in Fig
and the corresponding IC50 are summarized in 
Table 1. 
 
Overall, ethyl acetate and ethanolic 
able to inhibit cell growth in dose dependent 
manner after 72 h of treatment, in both cell lines. 
However, ethyl acetate extracts showed higher 
cytotoxic activities in both MCF-
MB231 cells as compared to the ethanolic 
extracts. In MDA-MB-231 cell line, ethyl acetate 
extract from Inula viscosa L. (Ait) collected in 
Sefrou region is the most active extract, showing 
a significant growth inhibitory effect, the 
corresponding IC50 was 112.2 µg/ml. Ethyl 
acetate extracts from Inula viscosa
Imouzzer and Taounate showed moderate 
cytotoxicity, the corresponding IC50

and 316.22 µg/ml, respectively. 
 
Similar results were also obtained on MCF
line. Indeed, ethyl acetate extract of 
from Sefrou was the most cytotoxic compound 
with an IC50 of 186.2 µg/ml. ethyl acetate extracts 
from plants collected in Imouzzer and Taounate 
 

 

Fig. 2. Cytotoxic effect of Ethyl Acetate
collected from three different regions of Morocco: 

MDA-MB
Cells were incubated for 72 h with different concentrations of the plant extracts (ranged from 15.62 to 500 

The test was performed in duplicates
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Inula viscosa Ethanolic and 
Ethyl Acetate extracts from the three regions 
were evaluated on two human breast cancer cell 

MB231. The cytotoxic 
effect of all extracts was reported in Fig. 2,               

are summarized in 

 extracts were 
able to inhibit cell growth in dose dependent 
manner after 72 h of treatment, in both cell lines. 
However, ethyl acetate extracts showed higher 

-7 and MDA-
MB231 cells as compared to the ethanolic 

231 cell line, ethyl acetate 
L. (Ait) collected in 

Sefrou region is the most active extract, showing 
a significant growth inhibitory effect, the 

was 112.2 µg/ml. Ethyl 
Inula viscosa, collected in 

Imouzzer and Taounate showed moderate 
50 are 199.73 

Similar results were also obtained on MCF-7 cell 
line. Indeed, ethyl acetate extract of Inula viscosa 

most cytotoxic compound 
of 186.2 µg/ml. ethyl acetate extracts 

from plants collected in Imouzzer and Taounate 

exhibited moderate cytotoxicity with higher IC
values. 
 
Comparison between the cytotoxicity of the 
extracts on both breast cancer cell lines MCF
and MDA-MB-231, clearly showed that ethyl 
acetate and ethanolic extract of 
from the three regions are more active on MDA
MB-231 than on MCF-7. For all extracts, IC
obtained on MCF-7 cell line are significantly 
higher than the corresponding IC
MDA-MB-231 cell line (Table 1). 
 
Chemical composition analysis of Ethyl Acetate 
and Ethanolic extracts of Inula viscosa
from the three different regions has revealed the 
presence ofisocostic acid, a sesquiterpeneacid, 
and two sesquiterpenes lactones: tomentosin 
and inuviscolide, as major compounds (Table 2).
 
Great difference was observed between ethyl 
acetate extracts from the three regions. The 
tomentosine is present at high concentrations in 
the three extracts, ranging from 22% in the 
extract from Sefrou to 64% in the extract from 
Taounate, whereas the inuviscolide is absent in 
the extract from Taounate. The isocostic acid, 
present at relatively high concentration in the 
extract from Taounate, exhibited very low 
concentrations in the extracts from Imouzzer and 
Sefrou. 

 

 

Cytotoxic effect of Ethyl Acetate (AE) and Ethanolic (E) extracts of Inula viscosa 
collected from three different regions of Morocco: Sefrou, Imouzzer and Taounate, against 

MB-231 (A) and MCF7 cell lines (B) 
Cells were incubated for 72 h with different concentrations of the plant extracts (ranged from 15.62 to 500 

The test was performed in duplicates 
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Table 1. IC50 values of Ethyl Acetate and Ethanolic extracts of Inula viscosa  L (Ait) collected 
from Sefrou, Imouzzer and Taounate regions, in both MDA-MB-231 and MCF-7 cell lines 

 
Inula viscosa  MDA-MB231 MCF-7 

Region of collect Solvent for extraction 
Sefrou AE 112.20 ± 1.28 186.20 ± 2.57 

E 195.42 ± 1.81 234.22 ± 1.23 
Imouzzer AE 199.73 ± 1.23 285.42 ± 1.51 

E 251.52 ± 1.99 >500 
Taounate AE 316.22 ± 1.20 351.03 ± 2.04 

E 392.12 ± 2.56 >500 
Mitomycin C 6.1 ± 0.2 5.45 ± 1.1 

 
Table 2. Chemical composition of Ethyl Acetate and Ethanolic extracts of Inula viscosa . (L) 

from Taounate, Imouzzer and Sefrou regions 
 
 Compounds RT   Taounate   Imouzzer    Sefrou 

E AE E AE E AE 

M
aj

o
r Isocosticacid 41.11 19.7% 21.9% 0.18% 0.22% 2.78% 2.23% 

Tomentosin 47.62 29% 64% 4.98% 39% 3% 22% 
Inuviscolide 47.83 30% - 57% 42.23% 46% 58% 

M
in

o
r 

1 ,2-longidinone 48.18 12.9% - 4.98% 3.2% 7% 18% 
Iso-velleral - - 1.08% 0.2% 0.98% - 1.79% 
6,9,12,15Docosatetraenoicacid, 
methyl ester 

- - 0.38% - 0.25% 0.07% 1.22% 

Quercetin 7,3',4'-trimethoxy  - 1.25% - 1.37% - 2.05% 
Chiapin B 45.98 1.09% - 4.18% 2.19% 3.77% - 
1-Amino-1-ortho-chlorophenyl-2-
(2-quinoxalinyl) ethane 

 
12.78 

 
- 

 
0.25% 

 
- 

 
0.78% 

 
- 

 
- 

3-(4'-Methoxyphenyl)-1-acetyl-2-
phenylindolizine 

25.08 0.52% 3.57% - 2.76% 0.12% 3.08% 

Methyl 2,3-Dideoxy-4-O-
propargyl-6-O-(tert- 
butyldimethylsilyl)-α-D-erythro-
hex-2enopyranoside 

54.78 4.89% 0.34% 5.90% 1.78% 6.88% 1.56% 

Benzeneacetic acid, 
4[(bis[(trimethylsilyl)oxy]-, 
trimethylsilyl Ester 

19.09 2.67% 0.78% 1.22% 0.09% 1.55% - 

1-Tetralone - - - - 0.48% - - 
Tetracosane 53.87 0.09% 2.07% 0.11% 2.35% - 0.12% 
Isoaromadendreneepoxide 42.23 - 2.53 - 2.53 - - 

 
In the ethanolic extracts, the isocostic acid is 
present at the same concentration as in the ethyl 
acetate extracts, whereas the inuviscolide is 
present in the three extracts and at high rates. 
However, the concentration of tomentosin in the 
extract from Taounate is less than 50% of the 
concentration obtained in the ethyl acetate 
extract and is very low in the extracts from 
Sefrou and Imouzzer, not exceeding 5%.  
 
4. DISCUSSION 
 
Recently, screening plants and their products for 
their cytotoxic and antiproliferative effects have 
become the major strategy in the search for new 
anticancer agents. In this optic, we have 

conducted this study to evaluate the cytotoxic 
activity of ethanolic and ethyl acetate extracts of 
Inula viscosa, collected from three different 
regions in Morocco, on 2 breast cancer cell lines. 
Our previous study have reported an interesting 
cytotoxic effect of extracts from Inula viscosa L. 
collected against cervical cancer cell lines, SiHa 
and Hela, by inducing apoptotic process [26,27]. 
This activity was mainly attributed to the 
presence of tomentosin, a sesquiterpene lactone, 
widely reported as an active compound against 
cancer cells [27,28]. 
 
Obtained results clearly showed that both 
ethanolic and ethyl acetate extracts exhibit 
cytotoxic activities on both breast cancer cell 
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lines after 72 h of treatment, but with different 
IC50. Extracts from Sefrou region, especially the 
ethyl acetate extract, seem to be the most active. 
Several studies have already reported that plants 
of the genus Inula exhibit in vitro cytotoxic effects 
on various human cancer cell lines [18-23]. The 
Inula helenium extract revealed a highly selective 
cytoxicity toward four different tumor cell lines 
(HT-29, MCF-7, Capan-2 and G1).  
 
In this study, even there’s a cytotoxic activity with 
a dose dependent manner, the IC50 values are 
high. According to the National Cancer Institute, 
the criteria of cytotoxicity activity for the crude 
extracts is an IC50 values <30 µg/ml [29]. It’s 
widely accepted that the activity of plant extract 
is mainly due to chemical composition, especially 
on major compounds, this activity is due to the 
combination of multiple products, with 
protagonist/antagonist effects. In this field, it 
seems that the cytotoxic activity of Inula viscosa 
extracts is mainly due to the presence of 
tomentosin. This effect could bepotentialized by 
the presence of the inuvisolideand decreased in 
the presence of isocostic acid. Ethyl acetate 
extract from Sefrou, with high rates of 
tomentosine and inuviscolide, and low rate of 
isocostic acid, exhibit the lower IC50 on both 
MCF-7 and MDA-MB-231 breast cancer cell 
lines. Interestingly, higher IC50 were obtained 
with the ethanolic extract of Inula viscosa from 
Taounate, having a high rate of isocostic acid, 
and the ethanolic extract from Imouzzer, showing 
a low rate of tomentosin. In these extracts, the 
concentration of chemical compounds is variable 
and depends on the solvent used and also 
according to the environmental conditions in 
which the plantswere developed. Indeed, there’s 
evidence that environmental conditions, including 
climate, type and composition of the soil, affect 
the chemical composition of the plants, and 
consequently affect the biological activities. 
 
Many studies have highlighted the biological 
activity of tomentosin. Indeed, we have already 
reported that tomentosin is able to inhibit 
significantly the growth of SiHa and HeLa 
cervical cancer cell lines in dose and time-
dependant manner and induces caspase-
dependent apoptosis in cervical cancer cells [30]. 
Furtheremore, studies of Rozenblat et al. [28] 
have shown that tomentosin and inuviscolide 
inhibit the growth of three human melanoma           
cell lines. Sequiterpenes lactones, including 
tomentosin, are widely reported to inhibit tumour 
growth by selective alkylation of growth-
regulatory biological macromolecules, such as 

key enzymes, which regulates cell division, 
thereby inhibiting a variety of cellular functions, 
which inducethe cells to undergo apoptosis [31]. 
 
The presence of inuviscolide is usually 
associated with the presence of tomenstosin, 
and together forms the major compounds of Inula 
viscosa. Muhammad et al. have already reported 
a great cytotoxic effect on different human 
cancer cell lines, highlighting an interest of this 
molecule as a potent anticancer product [32].  
 
To our knowledge, this is the first time that 
isocostic acid is investigated in the cytotoxic 
activity on cancer cell lines. Previous studies 
have studied biological activities of essential oils 
containing both costic and isocostic acids, and 
showed interesting antibacterial and antifungal 
effects [33,34]. Other studies have showed that 
costic acid and isocosticacid from Inula viscosa 
leaf extracts were found to be nematicidal 
phytochemicals [35]. 
 
In this study, Inula viscosa was harvested from 
three different regions; Taouante, Sefrou and 
Imouzzer. Corresponding ethyl acetate and 
ethanol extracts exhibited different chemical 
composition on both major and minor 
compounds, and are quite different from those 
reported for Inula viscosa growing over the world 
[36-38]. Our results are in agreement with 
previously reported data showing that Inula 
viscosa composition is strongly associated with 
the soil and environmental conditions [34]. 
Moreover, ethanol and ethyl acetate extracts of 
Inula viscosa from Taounate, Imouzzer and 
Sefrou have different rates of polyphenols 
associated with different antioxidant activities 
[39]. 
 

Of particular interest, a difference in the 
susceptibility of the two breast cancer cell lines to 
the effect of Inula viscosa extracts have been 
reported. Indeed, obtained results clearly showed 
that both ethyl acetate and ethanolic extracts are 
less active on the MCF-7 cell line as compared to 
the MDA-MB-231 cell line. This differential 
susceptibility could be explained by the fact that 
the cytotoxic effect of these extracts depends on 
the signalization pathway of the two cell lines. In 
fact, the breast cancer cell line MCF7 is estrogen 
receptor-positive whereas the MDA-MB 231 is 
estrogen receptor-negative [40,41]. 
 

5. CONCLUSION 
 
In conclusion, this study revealed that Inula 
viscosa extracts have a moderate cytotoxic effect 
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on the breast cancer cell lines MCF-7 and MDA-
MB 231. Moreover, obtained results highlighted 
that this cytotoxic activity is an integral effect of 
the combination of three major compounds, 
tomentosin, inuviscolide and isocostic acid. 
Further studies are required to confirm these 
results with purified products, to evaluate 
chemical interactions and to study the molecular 
mechanismsgenerating the cytotoxic activity on 
breast cancer cell lines. 
 
CONSENT 
 
It is not applicable. 
 
ETHICAL APPROVAL 
 
It is not applicable. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Ferlay J, Soerjomataram I, Dikshit R, Eser 

S, Mathers C, Rebelo M, et al. Cancer 
incidence and mortality worldwide: 
Sources, methods and major patterns in 
GLOBOCAN 2012. Int. J. Cancer. 2015; 
136:E359-E386. 

2. Althuis MD, Dozier JM, Anderson WF, 
Devesa SS, Brinton LA. Global trends in 
breast cancer incidence and mortality 
1973-1997. Int J Epidemiol. 2005;34:405-
12. 

3. Parkin DM, Fernández LM. Use of 
statistics to assess the global burden 
of breast cancer. Breast J. 2006;12(Suppl 
1):S70-80. 

4. El Amrani A, Moumad K, Attaleb M, 
Benhassou M, Försti A, Ennaji MM, et 
al.Absence of CHEK2 1100delC, R145W 
and I157T mutations in breast cancer in a 
Moroccan population. Journal of Cancer 
Research and Treatment. 2014;2:6-9. 

5. El Fakir S, Najdi A, Khazraji YC, Bennani 
M, Belakhel L, Abousselham L, et al. 
Breast cancer screening in Morocco: 
Performance indicators during two years of 
an organized programme. Asian Pac J 
Cancer Prev. 2015;16(15):6285-8. 

6. Brouckaert O, Wildiers H, Floris G, Neven 
P. Update on triple-negative breast cancer: 

Prognosis and management strategies. Int. 
J. Women Health. 2012;4:511-20. 

7. Hmamouchi M. Les plantes médicinales et 
aromatiques marocaines, Rabat: Editions 
Feddala. 1999;359.  

8. Brullo S, Marco G. Taxonomical revision of 
the genus Dittrichia (Asteraceae). 
Porttugaliae Actua Biol. 2000;19:341-54. 

9. Barbetti P, Chiappini I, Fardella G, 
Menghini A. A new eudesmane acid from 
Dittrichia (Inula) viscosa. Planta Med. 
1985;51:471. 

10. Al-Qura’n S. Ethnopharmacological survey 
of wild medicinal plants in Showbak, 
Jordan. J. Ethnopharmacol. 2009;123:45-
50. 

11. Lauro L, Rolih C. Observations and 
research on an extract of Inula viscosa Ait. 
Boll. Soc. Ital. Biol. Sper. 1990;66:829-34. 

12. Lev E, Amar Z. Ethnopharmacological 
survey of traditional drugs sold in Israel             
at the end of the 20th century. J. 
Ethnopharmacol. 2000;72:191-205. 

13. Lastra C, Lopez A, Motilva V. 
Gastroprotection and prostaglandin E2 
generation in rats by flavonoids of 
Dittrichia viscosa. Planta Med. 
1993;59:497-501. 

14. Qasem J, Al-Abed A, Abu-Blan M. 
Antifungal activity of clammy inula (Inula 
viscosa) on Helminthrosporium sativum 
and Fusarium oxysporum f. sp. 
Lycopersici. Phytopathol. Mediterr. 1995; 
34:7-14. 

15. Schinella G, Tournier H, Prieto J, 
Mordujovich P, Rios J. Antioxidant activity 
of anti-inflammatory plant extracts. Life 
Sci. 2002;70:1023-1033. 

16. Alkofahi A, Atta A. Pharmacological 
screening of the anti-ulcerogenic effects of 
some Jordanian medicinal plants in rats. J. 
Ethnopharmacol. 1999;67:341-5. 

17. Oka Y, Ben-Daniel B, Cohen Y. 
Nematicidal activity of powder and extracts 
of Inula viscosa. Nematology. 2001;3:735-
42. 

18. Konishi T, Shimada Y, Nagao T, Okabe H, 
and Konoshima T: Antiproliferative 
sesquiterpene lactones from the roots of 
Inula helenium. Biol Pharm Bull. 2002;25: 
1370-2. 

19. Spiridonov NA, Konovalov DA, Arkhipov 
VV. Cytotoxicity of some Russian 
ethnomedicinal plants and plant 
compounds. Phytother Res. 2005;19(5): 
428-32. 

 



 
 
 
 

Messaoudi et al.; EJMP, 16(4): 1-9, 2016; Article no.EJMP.28340 
 
 

 
8 
 

20. Dorn DC, Alexenizer M, Hengstler JG, 
Dorn A. Tumor cell specific toxicity of Inula 
helenium extracts. Phytother Res. 2006; 
20(11):970-80. 

21. Khan AL, Hussain J, Hamayun M, Gilani 
SA, Ahmad S, et al. Secondary 
metabolites from Inula britannica L. and 
their biological activities. Molecules. 2010; 
15:1562-77. 

22. Pal HC, Sehar I, Bhushan S, Gupta BD, 
Saxena AK. Activation of caspases and 
poly (ADP-ribose) polymerase cleavage to 
induce apoptosis in leukemia HL-60 cells 
by Inula racemosa. ToxicolIn Vitro. 2010; 
24(6):1599-609. 

23. Talib WH, Mahasneh AM. Antimicrobial, 
cytotoxicity and phytochemical screening 
of Jordanian plants used in traditional 
medicine. Molecules. 2010;15(3):1811-20. 

24. Seca AM, Grigore A, Pinto DC, Silva AM. 
The genus Inula and their metabolites: 
From ethnopharmacological to medicinal 
uses. J Ethnopharmacol. 2014;154(2): 
286-310. 

25. Wang W, Ben-Daniel BH, Cohen Y. 
Control of plant diseases by extracts of 
Inula viscosa. Phytopatholgy. 2004;94: 
1042-7. 

26. Merghoub N, Benbacer L, Amzazi S, 
Morjani H, El MzibriM. Cytotoxic effect of 
some Moroccan medicinal plant extracts 
on human cervical cell lines. Journal of 
Medicinal Plant Research. 2009;3(12): 
1045-50. 

27. Benbacer L, Merghoub N, El Btaouri H, 
Gmouh S, Attaleb M, Morjani M, et al. 
Antiproliferative effect and induction of 
apoptosis by Inula viscosa L. and Retama 
monosperma L. extracts in human cervical 
cancer cells, topics on cervical cancer with 
an advocacy for prevention, Dr. R. 
Rajamanickam (Ed.), In Tech; 2012.  
DOI: 10.5772/30025 

28. Rozenblat S, Grossman S, Bergman 
M,Gottlieb H, Cohen Y, Dovrat S. Induction 
of G2/M arrest and apoptosis by 
sesquiterpene lactones in human 
melanoma cell lines. Biochemical 
Pharmacology. 2008;75:369–82. 

29. Suffness M, Pezzuto JM. Assays related to 
cancer drug discovery. In: Methods in plant 
biochemistry: Assays for bioactivity. 
Hostettmann, K (Ed). 1990;6:71-133. 

30. Merghoub N, El Btaouri H, Benbacer L, 
Gmouh S, Trentesaux C, Bertrand B, et al. 
Inula viscosa extracts induces telomere 
shortening and apoptosis in cancer cells 

and overcome drug resistance. Nutrition 
and Cancer; 2016.  
DOI: 10.1080/01635581.2016.1115105 

31. Fernandes MB, Scotti MT, Ferreira MJ, 
Emerenciano VP. Use of self-organizing 
maps and molecular descriptors to predict 
the cytotoxic activity of sesquiterpene 
lactones. Eur J Med Chem. 2008;43:2197-
205. 

32. Muhammad I, Takamatsu S, Mossa JS,  
El-Feraly FS, Walker LA, Clark AM. 
Cytotoxic sesquiterpene lactones from 
Centaurothamnus maximus and 
Vicoapentanema. Phytother Res. 2003;17: 
168–73. 

33. Graça M, Faleiro L, Cavaleiro C, Salgueiro 
L, Casanova J. Susceptibility of 
Helicobacter pylori to essential oil of 
Dittrichia viscosa subsp. revoluta. 
Phytother. Res. 2008;22:259-63. 

34. Boudouda BH, Benmerache A, Chibani S, 
Kabouche A, Abuhamdah S, et al. 
Antibacterial activity and chemical 
composition of essential oils of Inula 
viscosa (L.) Ait. (Asteraceae) from 
Constantine, Algeria. Der Pharmacia 
Lettre. 2012;4(6):1878-82. 

35. Oka Y, Ben-Daniel BH, Cohen Y.Control of 
Meloidogyne javanica by formulations 
of Inula viscosa leaf extracts. J Nematol. 
2006;38(1):46-51. 

36. Camacho A, Fernandez A, Fernandez C, 
Altarejos J, Laurent R. Composition of the 
essential oil of Dittrichia viscosa (L.) W. 
Greuter. Rivista Italiana. 2000;29:3-8. 

37. Blanc MC, Bradesi P, Goncalves MJ, 
Salgueiro L, Casanova J. Essential oil 
of Dittrichia viscosa ssp. viscosa: Analysis 
by 13C-NMR and antimicrobial activity. 
Flavour and Fragrance Journal. 2006;21: 
324-32. 

38. Ulubelen A, Goren S. Sesquiterpene acid 
from Inula viscosa. Phytochemistry. 1986; 
26:1223-4. 

39. Chahmi N, Anissi J, Jennan S, Abdellah F, 
Sendide K, El Hassouni M. Antioxidant 
activities and total phenol content of Inula 
viscosa extracts selected from three 
regions of Morocco. Asian Pacific Journal 
of Tropical Biomedicine. 2015;5(3):228-
233. 

40. Tze-Chen H, Elangovan SK, Wu JM. 
Differential suppression of proliferation in 
MCF-7 and MDA-MB-231 breast cancer 
cells exposed to α-, γ- and δ-Tocotrienols 



 
 
 
 

Messaoudi et al.; EJMP, 16(4): 1-9, 2016; Article no.EJMP.28340 
 
 

 
9 
 

is accompanied by altered expression of 
oxidative stress modulatory enzymes. 
Anticancer Res. 2010;30:4169-76. 

41. Tao J, Zhang L, Duan Y, Zhang M, Wang 
G, et al. The differential susceptibilities of 

MCF-7 and MDA-MB-231 cells to the 
cytotoxic effects of curcumin are 
associated with the PI3K/Akt-SKP2- 
Cip/Kips pathway. Cancer Cell Int. 2014; 
14:126. 

_________________________________________________________________________________ 
© 2016 Messaoudi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/16520 


