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Abstract
Objective The present study concerns the cytotoxic activity of A. nemorosa different extracts on breast cancer cells (MCF-7) and normal cell 
lines (HFFF).
Methods Different extracts of aerial parts of A. nemorosa were prepared using Soxhlet apparatus. The cytotoxicity of samples was assessed 
by MTT assay on breast cancer cells (MCF-7) and noncancerous cells (HFFF) with different concentrations of extracts in 24 and 48 hours. The 
most potent extract was fractioned and cytotoxic activity of fractions was considered, As well. A flow cytometry (annexin V/PI) assay has 
been used for detecting the mechanism of cell death in sample treated cell lines. Moreover, for clarifying volatile components of n-Hexane 
extract and its 80% and 100% VLC fractions were subjected to GC-MS apparatus. 
Results Results indicated that n-Hexane extract and its 80% and 100% VLC fractions exhibited a significant (P < 0.001) inhibitory effect on 
the growth of the MCF-7 cell line compared to the control group. Meanwhile, flow cytometry analysis revealed that potent extract caused 
cell death through necrosis and 80% and 100% fractions showed different mechanisms (such as autophagy). The major compounds, which 
maybe were in charge of showing cytotoxic activity were non-terpenoids.
Conclusion This study provides the evidence that in vitro cytotoxic activity of n-Hexane extract and 80% and 100% VLC fractions of  
A. nemorosa inhibited the proliferation of breast cancer cells (MCF7) via a different mechanism. 
Keywords Anthriscus nemorosa, cancer, GC-MS, cytotoxic, flow cytometry
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Introduction
Cancer is a disease that begins with the abnormal proliferation 
of cells in the body. All cancers have an uncontrolled growth 
pattern and a tendency to detach from the source and metasta-
size. Cancer mortality is on the rise and has become one of the 
leading causes of human mortality today.  Breast cancer is one 

of the most common malignancies in Iranian women.1 Various 
factors such as old age of reproduction and lactation, radiation, 
smoking, alcohol, and many other factors increase the risk of 
developing this disease in women.2,3 Chemotherapy, surgery, 
radiotherapy, immunotherapy, gene therapy, hormone therapy, 
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and cell therapy are some of the treatments available for this 
disease.4 Chemical drugs available on the market due to the 
side effects of the drug are less popular. In recent years, atten-
tion has been paid to drugs with natural sources and fewer side 
effects.5 Nature is an amazing source of suitable new drug com-
pounds with great chemical diversity found in millions of 
plants, animal, marine, and microbial species.6,7 Plant com-
pounds that have anti-cancer and anti-tumor properties are in 
the chemical groups of aldehydes, alkaloids, flavonoids, glyco-
sides, terpenoids, and phenolic compounds.8-10 It is noteworthy 
that more than 60% of common anticancer drugs are now 
derived from natural sources, including plants, marine organ-
isms, and microorganisms.11,12

Among the well-known medicinal plants, the genus 
Anthriscus from the Umbelliferae family has valuable 
compounds that are used in many cases, and has the following 
effects: anti-cough, diuretic, antipyretic,13 analgesic,14 anti-
viral,15 anti-asthma,16 insecticide,17 anti-inflammatory,18 an 
indirect inhibitor of cutaneous anaphylactic reactions,19 liver 
protector,20 a competitive inhibitor of CYP2C9 and CYP3A4 
enzymes,21 reduction of skin pigmentation caused by UV light 
in guinea pigs.22 However, most studies show the anti-cancer 
effects of the compounds of this plant.13,18,23 Considering the 
increasing prevalence of breast cancer due to the importance 
of medicinal plants in cancer treatment and regarding less 
investigation on the cytotoxic effects of this plant on breast 
cancer, the present study aimed to evaluate the cytotoxic effects 
of the plant extract on the category of breast cancer cells.

Materials and Methods

Preparation of Plant Samples
Anthriscus nemorosa (MB) spreng (A. nemorosa) was collected 
in July 2016 from Ardabil province, Jafarabad Moghan region 
and was matched and identified with its herbarium specimen 
and identified as tbz.fph 1037 in the school herbarium. The 
sample was maintained in the faculty of pharmacy, Tabriz 
University of Medical Sciences, Tabriz, Iran.

Preparation of Extracts
The amount of 200 g of A. nemorosa plant powder ensuring 
weighing and loading was placed in a suitable cartridge paper 
in a 1-liter Soxhlet apparatus and extracted with n-Hexane 
(n-Hex), dichloromethane (DCM), and methanol (MeOH) 
solvents, respectively, for 72 hours. The soxhlet was placed on 
the balloon in the electric oven securing it with a clamp. Then, 
we added the desired solvents from the top of the Soxhlet 
chamber little by little until the solvent reaches half of the bal-
loon. After adding the solvent, it was placed in the refrigerant 
on the soxhlet and opened the tube water. Then was turned on 
the electric stove and adjusted the temperature until the sol-
vent boiled evenly inside the balloon. After the extraction, we 
turned off the device and discarded the plant pulp that did not 
contain the extract, and filtered the liquid extract inside the 
balloon with a funnel and filtered paper, and kept it in suitable 
containers.

Fractionation
VLC method was used to fractionate non-polar extracts. In 
this method, the extracts were first dried completely by rotary 
evaporator at 45°C and low air pressure. Fractionation was 

then performed using silica gel as the stationary phase and 
increasing percentages of ethyl acetate in hexane.

Identification of Volatile Compounds in  
Non-polar Samples
Gas chromatography-mass spectrometry (GC-MS) was used 
to identify the compounds in the n-Hex extract and its 80% 
and 100% fractions. Samples were injected into the device 
under the following conditions: Injection temperature: 270ºC, 
Column flow rate: 1.2 ml/min, Split ratio: 1:10, Total flow:  
18.4 ml/min, and helium gas were used as carriers.

Cell Lines Used in Experiments
MCF-7 cell: This cell line includes breast cancer cells from a 
69-year-old Caucasian woman from the Pasteur Institute of Iran. 

HFFF cell: This cell line contains normal fibroblast cells 
that are from a newborn human and have been prepared by 
the Pasteur Institute of Iran.

Cell Cultures
The culture medium used is Roswell Park Memorial Institute 
(RPMI-1640), purchased from Sigma company in powder 
form. Cell lines were cultured in RPMI 1640 liquid culture 
medium containing 10% FBS and 1% penicillin/streptomycin 
antibiotic. The cells were incubated in sterile flasks at 37°C,  
5% CO2, and 95% moisture. Confluent cells (upon 70%) are 
trypsinized and then subcultured at lower numbers in new 
culture flasks.

Chemicals
All solvents used in this research were purchased from 
Caledon Canada. All chemicals were analytical grade.

Evaluation of Cytotoxicity of Extracts  
by MTT Method
To perform this test, 200 microliters of cell suspension 
containing the appropriate number of cells (approximately 
5000 cells) first was cultured uniformly in each of the plate 
wells and allowed the cells to adhere to the bottom of the plate 
and become stable. The plate is then incubated for 24 hours at 
37°C, 95% humidity and 5% carbon dioxide until the cells reach 
the desired density. After this time, the cells are treated with 
different concentrations of n-Hex, DCM, and MeOH extracts. 
These concentrations have been determined through a previous 
pilot test. Then we moved the plates gently on the horizontal 
surface to homogenize and incubate them for 24 and 48 hours. 
The supernatant was then discarded and 150 μl of the prepared 
MTT solution was added to each well, and the plates were 
transferred to a carbon dioxide incubator at 37°C for 4 hours in 
sterile aluminum foil. In this case, MTT (dimethylthiazole-2 
and 5-diphenyltetrazolium bromide) is converted to insoluble 
purple formazan crystals by mitochondrial enzymes in living 
cells due to the rupture of the tetrazolium ring. After 4 hours, 
the contents of the wells are gently drained and 200 μl of DMSO 
is added to each well to dissolve the purple crystals of formazan. 
Finally, the light absorption of the obtained solution is read by 
a plate reader with a wavelength of 570 nm.

Detection by Flow Cytometry
To perform the 2 × 105 cell test, 6 wells were added to each well 
from the plate. The plates were placed in a cell culture incu-
bator for 24 hours. After this time and reaching the appropriate 
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confluency of the cells, the cells were treated with concentra-
tions equal to IC50 of n-Hex extract and its fractions. For this 
purpose, the top culture medium of each well was emptied by 
Pasteur pipette and after washing with PBS, the cells were 
trypsinized from the bottom of the well and transferred to sep-
arate microtubes. The microtubes were then centrifuged and 
repeated after removing the medium on the cells and washing 
with PBS. After this step, disperse the cells in 100 μl of diluted 
Annexin V Binding buffer and add 5 μl of Annexin solution 
and PI dye to each microtubule. We incubated the contents in 
the dark for 30 minutes at room temperature. The microtubes 
are then centrifuged and the cells are dispersed in 200 μl of 
Annexin V Binding Buffer. Finally, the absorbance of each 
sample at 488 and 617 nm is read by flow cytometry. All steps 
of this test are performed except incubation in ice.

Statistical Analysis of Data
The results obtained from UV absorption at a wavelength of 
570 nm from the Plate reader were entered into GraphPad 
Prism 8.0.2 software and analyzed (curve fit) nonlinear regres-
sion to calculate IC50 (concentration of sample that inhibits 
50% cell growth) was used. ANOVA analysis and Tukey post 
hoc test were used for comparison between groups. In all tests, 
the minimum level of significance was considered P <0.05.

Results

Amounts of Extracts
The results of weighing the extracts obtained from the 
extraction of 340 g of plant shoot powder by n-Hex, DCM, and 
MeOH solvents are shown in Table 1. Because n-Hex extract 

showed a significant cell inhibitory effect compared to the 
other extracts and control group, 2 g of this extract were 
fractionated by the VLC method for further studies. The 
results of the weight of these fractions are also given in Table 1.

Cytotoxicity Test Results

Evaluation of cytotoxic effects of plant samples 
by MTT method 
The IC50 values of the samples (the concentration of the drug 
that causes 50% of cell death) were calculated by GraphPad 
Prism 8.0.2 software. These numbers are based on the non-
linear regression diagram log (inhibitor) vs. Normalized 
responses—variable slope and drug concentration are calcu-
lated. Cells were treated with different concentrations of 
DCM, n-Hex, and MeOH extracts for 24 and 48 hours. N-Hex 
extract with the lowest amount of IC50 was the strongest frac-
tionated extract and the relevant experiments were performed 
on the fractions. The IC50 values obtained are according to 
Table 2. To evaluate and determine the cytotoxic effects of 
n-Hex, DCM, and MeOH extracts, MCF-7 cells were treated 
with concentrations of 0, 50, 100, 200, 400, 500, 600, and 800 
μg/ml of each sample. The results of the MTT test at 24 and 48 
hours are shown in Figure 1. Due to the significant cytotox-
icity of the n-Hex extract on MCF-7 cells compared to other 
extracts and the control group, in the next step, the fractions 
of n-Hex extract were tested by MTT. The results are available 
in Figure 2. Besides, for evaluation of the effect of cytotoxicity 
of A. nemorosa extracts and fractions on non-cancerous cells, 
an MTT assay was performed on a normal HFFF cell line. The 
results of IC50 from 24 and 48 hours treatment are as shown in 
Table 3.

Table 1. Results of weighing n-Hex, dichloromethane, and methanol extracts and fractions from 
340 g of A. nemorosa aerial powder

MeOH DCM n-Hex Extract

18.96 5.34 6.73 Weight of plant extract (g/100 g of 
extract)

100% 80% 60% 40% 20% 10% Fractions

7.48 15.25 9.65 13.80 14.43 7.35 Weight of n-Hexane extract fraction 
(g/100 g of extract)

Table 2. Results of cytotoxic tests on MCF-7 cancer cell line n-Hex, DCM, and MeOH 
extracts of A. nemorosa

IC50 (μg/ml)

MCF -7

Extracts 24 h 48 h

MeOH extract 195.9 ± 6.36 259.8 ± 16.26

DCM extract 161.6 ± 5.09 203.8 ± 5.09

n-Hex extract 129.2 ± 4.17 75.63 ± 7.94

A. nemorosa

Fractions of 
n-Hexane 

extract

10% 83 ± 8.54 24.13 ± 5.06

20% 113.9 ± 7.63 56.9 ± 15.62

40% 69.04 ± 14.95 29.04 ± 4.49

60%  46.16 ± 4.35 22.6 ± 7.04

80% 8.66 ± 1.68 26.82 ± 0.67

100% 8.88 ± 0.48 14.71 ± 3.7
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Fig. 1 Viability of  MCF-7 cancer cells after exposure to increasing concentrations of n-Hex, DCM, and MeOH extracts of A. nemorosa after 
24 and 48 hours of incubation.

Fig. 2 Viability of MCF-7 cells treated with different concentrations of A. nemorosa n-Hex extract fractions using MTT method in 24 and 48 
hours of incubation.

Table 3. Cytotoxic effect of n-Hex, DCM, and  MeOH extracts of A. nemorosa on  
HFFF cells

IC50 (μg/ml)

HFFF

Extracts 24 h 48 h

MeOH extract >1000 >1000

DCM extract 401.2 ± 27.93 249.1 ± 25.73

n-Hex extract 196.8 ± 28.7 150.1 ± 26.44

A. nemorosa

Fractions of 
n-Hexane 

extract

10% 148.1 ± 23.68 474.5 ± 84.9

20% 52.08 ± 0.85 137 ± 27.44

40% 91.55 ± 8.85 25.43 ± 4.31

60% 55.88 ± 13.82 13.71 ± 1.7

80% 69.58 ± 15.57 18.96 ± 0.66

100% 35.67 ± 6 15.85 ± 2.4

Significant comparison of the effect of different 
samples with controls 

Two Way ANOVA test and Tukey post hoc test were used to 
compare the cytotoxic effects of different plant samples at 24 

and 48 hours. In statistical tests, the significance level is defined 
as ns (P > 0.05), * (P < 0.05), ** (P, 0.01), *** (P < 0.001). The 
viability of MCF-7 and HFFF cells after treatment with n-Hex, 
DCM, and MeOH extracts after 24 and 48 hours of incubation 
is shown in Figures 3 and 4, respectively. Statistical analysis of 
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Fig. 3 Statistical comparison of viability of MCF-7 cells treated 
with n-Hex, DCM, and  MeOH extracts of A. nemorosa compared to 
the control group, using MTT method.

Fig. 4 Statistical comparison of viability of HFFF cells treated with 
n-Hex and DCM extracts of A. nemorosa compared to the control 
group, using MTT method.

Fig. 5 Statistical comparison of viability of MCF-7 cells treated 
with n-Hex extracts fractions compared to the control group, 
using MTT method.

ANOVA and Tukey post hoc test showed that the relevant 
extracts at both incubation times (24 and 48 hours) were signif-
icantly different from the DMSO control group. The results of 
the statistical comparison of n-Hex fractions at 24 and 48 
hours are also shown in Figure 5. According to Figure 6, the 
viability of MCF-7 cells in the presence of DCM and MeOH 
extracts in 24 hours and n-Hex and MeOH extracts in 48 hours 
relative to the cell HFFF levels are significantly reduced.

Flow cytometry test results on MCF-7 cells
In this test, n-Hex extract and 60%, 80%, and 100% fractions 
were incubated with cancer cell lines for 24 hours at IC50 con-
centration. Flow cytometry was performed to determine the 
extent of apoptosis. The test histogram view is shown in  
Figure 7. The amount of apoptotic and necrotic cells can be 
seen in the diagram Figure 7.

Identification of compounds in n-Hex extract and  its 80% 
and 100% fractions via GC-MS 
Data on compounds identified in n-Hex extract and its 80% 
and 100% fractions obtained by injection into GC-MS are 
available in the following Tables 4, 5, and 6. According to 
obtain results the major components are belong to non-terpe-
noid compounds.

Discussion
Global cancer status around the world using GLOBOCAN 
2018 estimates, the incidence and mortality of cancer by the 
International Agency for Research on Cancer, with a focus on 
geographical diversity in 20 regions of the world is estimated 
that in 2018 about 18.1 million new cancers.24 Breast cancer 
has been diagnosed as the most common cancer among 
women. Diagnosis of cancer and the leading cause of death 
varies from country to country depending on the rate of eco-
nomic development and lifestyle-related factors.25 In a review, 
medicinal plants in Iran with anti-cancer effects in different 
cell lines have been studied. In most studies, phenolic com-
pounds and alkaloids have anticancer effects on various can-
cers. Plants and their active compounds have anti-cancer 
effects by eliminating free radicals and antioxidant effects, 
stopping the cell cycle, inducing apoptosis, and inhibiting 
angiogenesis. Therefore, extracts and active compounds of 
medicinal plants can greatly help researchers and pharmacists 
in developing new anticancer drugs.26

In the present study, the cytotoxic effects of n-Hex, DCM, 
and MeOH extracts of A. nemorosa on MCF-7 and HFFF cell 
lines were investigated for the first time. For this purpose, at 
the beginning of the work, cytotoxicity and IC50 values 
obtained from the treatment of these cells with different con-
centrations of extracts were investigated. The results showed 
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Fig. 6 MCF-7 cancer cell viability due to exposure to n-Hex, DCM, and MeOH extracts of A. nemorosa compared to normal HFFF cells in 24 
and 48 hours of incubation.

Fig. 7 Flow cytometric test of n-Hex extract and some of its fractions on MCF-7 cells and comparison of apoptotic and necrotic cells in 
MCF-7 cell line.

that n-Hex extract had significantly (P < 0.001) more cytotox-
icity on MCF-7 cancer cells in 24 and 48 hours treatment com-
pared to DCM, MeOH extracts and DMSO control. In 
addition, according to the findings of this study, the cytotoxic 
effect of n-Hex extract on MCF-7 cells is dose-dependent and 
time-dependent with a P-value < 0.001. The percentages of 
apoptosis and necrosis in n-Hex extract are 4.57% and 86.8%, 
respectively. Then, n-Hex extract was selected as the most 
potent extract and fractionation was performed by the VLC 
method. 

The 80% and 100% fractions of n-Hex extract showed the 
highest effect of cytotoxicity on the tested cell line compared 

to other fractions. These fractions with a P-value <0.001 
showed more cytotoxicity than control (DMSO) at both incu-
bation times (24 and 48 hours). The effect of n-Hex extract 
fractions is dose-dependent and all fractions except 80% and 
100% fractions with P-value <0.001 are time-dependent. 80% 
and 100% fractions did not show significant differences in 24 
and 48 hours of treatment. The percentages of apoptosis and 
necrosis in the 60% fraction are 2.97% and 95.9%, in the 80% 
fraction 4.36% and 1.37%, and in the 100% fraction 0.98% and 
21.4%, respectively. The two fractions 80% and 100% act in a 
way other than apoptosis and necrosis, which can probably be 
attributed to other methods such as autophagy. Of course, it is 
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Table 5. Characteristics of volatile compounds identified in the 80% fraction of n-Hex extract of A. nemorosa

No. Molecular formula KI Amount (Percentage) Retention time (Minutes) Compounds

1 C
13

H
28

O 1456.2 11.26 25.425 1-Tridecanol

2 C
7
H

12
O

2
1488.51 2.04 26.3 Cyclopropanecarboxylic, 1-methyl-, 

ethyl ester

3 C
14

H
30

O 1659.26 2.54 30.608 n-Tetradecanol

4 C
14

H
30

O
2

1698.51 25.22 31.558 Ethanol, 2-(dodecyloxy)-

5 C
20

H
38

1835.71 1.26 34.675 Neophytadiene

6 C
16

H
32

O
2

1937.35 9.98 36.858 n-Hexadecanoic acid

7 C
20

H
40

O 2097 1.78 40.142 Phytol

8 C
18

H
32

O
2

2109 1.34 40.258 9,12-Octadecadienoic acid (Z,Z)-

9 C
22

H
24

O
7

3225 4.96 60.392 Deoxypodorhizon

10 C
22

H
22

O
7

3267 4.22 61.558 Desoxypodophyllotoxin

11 C
29

H
50

O 3351 3.64 67.45 .gamma.-sitosterol

12 C
29

H
48

O – 7.8 65.117 trans-stigmasta-5,22-dien-3.beta.-ol

72.04        Identified

51.38      Non-terpenoid
22.66          Terpenoid

Table 4. Characteristics of volatile compounds identified in the n-Hex extract of A. nemorosa

No. Molecular formula KI Amount (Percentage) Retention time (Minutes) Compounds

1 C
10

H
16

O 1148.77 1.10 16.450 (S)-cis-Verbenol

2 C
12

H
26

1198.74 1.91 18.000 Dodecane

3 C
12

H
16

O
2

1247.81 2.24 19.475 Chrysanthenyl acetate

4 C
14

H
3
O 1398.74 9.97 23.867 Tetradecane

5 C
15

H
24

1515.81 3.17 25.192 (Z)-.beta.-Farnesene

6 C
12

H
26

O 1538.27 3.57 25.442 1-Dodecanol

7 C
5
H

8
O

2
1619.13 0.97 26.342 (E)- 2-methylcrotonic acid

8 C
14

H
30

O 1659.94 0.98 30.625 1-Tetradecanol

9 C
14

H
30

O
2

1698.8 2.77 31.567 Ethylene glycol monododecyl ether

10 C
18

H
38

1798.08 1.39 33.850 Octadecane

11 C
20

H
40

O 1836.48 2.59 34.692 Trans-phytol

12 C
16

H
32

O
2

1940.57 6.65 36.925 Palmitic acid

13 C
20

H
42

O
2

1969.03 2.03 37.517 2-Octadecoxyethanol

14 C
18

H
36

O
2

1975.04 0.85 37.642 Hexadecanoic acid, ethyl ester

15 C
19

H
4
0 1997.5 1.02 38.108 n-Nonadecane

16 C
20

H
40

O 2097 1.76 40.158 Phytol

17 C
20

H
36

O
2

2155 1.02 40.917 Linoleic acid, ethyl ester

18 C
23

H
46

O
2

2502 1.52 47.417 Docosanoic acid, methyl ester

19 C
25

H
50

O
2

2712 3.10 50.808 Methyl tetracosanoate

20 C
31

H
64

3100 6.02 59.517 n-Hentriacontane

21 C
22

H
24

O
7

3225 2.77 60.417 Deoxypodorhizon

22 C
22

H
22

O
7

3267 1.99 61.608 Desoxypodopyllotoxin

23 C
18

H
34

O – 2.32 40.317 9,12-Octadecadien-1-ol

61.71        Identified

35.7      Non-terpenoid

26.01          Terpenoid
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Table 6. Characteristics of volatile compounds identified in 100% fraction of A. nemorosa

No. Molecular formula KI Amount (Percentage) Retention time (Minutes) Compounds

1 C
13

H
28

O 1456.2 0.67 25.425 1-Tridecanol

2 C
5
H

8
O

2
1491.32 3.68 26.367 (E)- 2-methylcrotonic 

acid

3 C
12

H
24

O
2

1539.28 0.68 27.617 Lauric acid

4 C
14

H
30

O
2

1698.1 1.90 31.550 2-Dodecyloxyethanol

5 C
14

H
28

O
2

1736.81 0.77 32.442 Myristic acid

6 C
20

H
38

1835.71 0.61 34.675 Neophytadiene

7 C
16

H
32

O
2

1940.19 13.22 36.917 Palmitic acid

8 C
14

H
30

O
2

1968.6 12 37.508 Laureth-1

9 C
19

H
32

O
2

2092 7.35 40.400 Linolenic acid, methyl 
ester

10 C
19

H
40

O 2176 9.58 42.708 2-nonadecanol

11 C
22

H
24

O
7

3225 3.06 60.383 Deoxypodorhizon

12 C
22

H
22

O
7

3276 4.45 61.575 Desoxypodophyllotoxin

13 C
18

H
34

O – 5.89 40.317 9,12-Octadecadien-1-ol

63.86        Identified

55.74      Non-terpenoid

8.12          Terpenoid

worth mentioning that the fraction has a necrosis mechanism 
100% relative to itself. Furthermore, flow cytometry results 
showed that in the 80% fraction, the mechanism of cytotox-
icity was other than necrosis and apoptosis. The results of sta-
tistical analysis showed that the effect of cytotoxicity depends 
on the concentration of extracts and fractions as, with 
increasing the concentration of plant samples, the viability of 
cells decreases. 

The viability of cells after treatment with MeOH and DCM 
extracts does not depend on the exposure time of cells in the 
MCF-7 cell line. Various studies on the anticancer effects of dif-
ferent species of the genus Anthriscus have proven the cyto-
toxic properties of these plants in the treatment of cancer, and 
several anti-cancer compounds of this genus have been puri-
fied. The essential oil derived from plant A. Caucalis was tested 
on HepG2 and MCF-7 cell lines by MTT method and reported 
IC50 = 67.50 μg/mL and IC50 = 55.83 μg/mL, respectively, which 
was also significant in terms of dose and time. Its pronounced 
anti-cancer effect can be attributed to the pronounced presence 
of two beta-compounds (β-Bisabolene) and (Z, E)-α-
Farnesene.27 Although the mechanism of extracts and fractions 
cytotoxicity of A. nemorosa which we discussed was necrosis or 
other than necrosis and apoptosis, in another study an active 
compound with antitumor activity was isolated from the root 
of A. sylvestris and structural studies showed that this com-
pound was deoxy podophyllotoxin (DPPT) and its biological 
activity in human cervical cancer cells (HeLa) was examined. 
Flow cytometric analysis showed that DPPT stops the cell cycle 
in the G2/M phase before apoptosis, and DPPT functional 
mechanisms include inhibition of tubulin polymerization and 
activation of caspases 3 and 7.28 Another study in A. sylvestris 
showed that deoxypodophyllotoxin, as the most important 
constituent of this plant, is converted to epipodophyllotoxin, 

which is the main substance for the semi-synthesis of cytostatic 
agents of etoposide and teniposide.29 

Autophagy plays an important role in the development of 
this type of cancer, although the exact underlying mechanisms 
are unknown. The data confirmed that anthracin causes apop-
tosis in 2 breast cancer cell lines, MCF-7 (estrogen recep-
tor-positive) and MDA-MB-231 (estrogen receptor, 
progesterone receptor, and Her2 / Neu negative receptor). 
Anthracin reduces the phosphorylated levels of Akt and 
mTORC1 and subsequently inhibits cell growth.30 Interest-
ingly, prevention of autophagy by a drug inhibitor or genetic 
deletion of ULK1 and Atg13 accelerates the process of anthra-
cin-induced apoptosis, and autophagy has protective effects 
on the cell.30 Overall, our results suggest that anthracin is an 
inhibitor of mTOR and that a combination of an autophagy 
inhibitor and anthracin may serve as a promising new strategy 
for the treatment of breast cancer cells.

The predominant escape composition of this extract by 
phytochemistry by GC-MS is non-terpenoid and these sub-
stances are probably responsible for the toxic effects of cancer 
cells. The most common ingredient in this extract is palmitic 
acid. In a study on marine algal extract, palmitic acid was iden-
tified as a selective anti-cancer compound. This compound 
induces apoptosis in human leukemia cancer cell lines and has 
shown an anti-cancer effect on mice in vitro.31 The second 
major component of n-Hex extract is N-hentriacontane, which 
is an antioxidant and cytotoxic compound against cancer 
cells.32 In the 80% fraction, tri-decanol and hexadecanoic acid 
are the main compounds. In previous studies, the cytotoxicity 
of various alkanes has been investigated, which includes a wide 
range, and Tetradecane has a weaker cytotoxic effect than other 
alkanes.33 Fukuzawa et al., (2008), showed the biologically 
active compounds, which were isolated from Ganoderma 
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lucidum spores and studied to inhibit the growth of human 
promyelocytic leukemia cells (HL60) by several different types 
of long-chain fatty acids, including hexadecanoic acid. They 
indicated that Hexadecanoic acid can inhibit the growth of this 
cell line with IC50 = 132 ± 25 μg/ml.34 In the 100% fraction, it is 
the major non-terpenoid compound and the most common 
compound is palmitinic acid. Desoxypodophyllotoxin is an 
important compound among the extracts and fractions. Podo-
phyllotoxin, which has a significant anti-cancer effect,35 has 
been obtained from other genera of the same family as this 
plant. Podophyllotoxin is one of the most popular plant lignans 
that has been used as the main ingredient in the preparation of 
potent anticancer drugs such as etoposide and teniposide.36

Conclusion
In general, it can be concluded that the n-Hex extract of  
A. nemorosa and its 60%, 80%, and 100% fractions showed the 
greatest effects of inhibiting cancer cell growth on MCF-7 
cancer cell lines. It is noteworthy that the mechanism of action 
of n-Hex extract and its 60% fraction on MCF-7 is mainly 
necrosis and 80% and 100% fractions on MCF-7 are in a path 
other than apoptosis and necrosis. According to the obtained 
results, the anti-cell growth effects of the shoots of these plants 
can be attributed to the n-Hex extract, which is probably due to 
the presence of non-terpenoid compounds. Extensive and 
detailed phytochemical studies can determine the exact amount 
and nature of these substances in different extracts of the plant.
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