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Abstract 

 
Plant-derived natural products are known to have cancer chemo-preventive and chemo -therapeutic 
properties. Plant extracts or their active constituents are used as folk medicine in traditional therapies by 80% 
of the world population. The aim of the present study was to determine the anti-proliferative potential of 
Fumaria vaillantii extracts on three different cancer cell lines including malignant melanoma SKMEL-3, 
human breast adenocarcinoma MCF-7 and human myelogenous leukemia K562 as well as human gingival 
fibroblast (HGF) as normal cell line. Anti-proliferative activity was evaluated by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT), flowcytometry and annexin methods. Total phenolics and 
flavonoids were determined by Folin-Ciocalteu and aluminum chloride methods. Chloroform fraction had 
the lowest IC50 value at 72 h (0.1 µg/ml) in MCF-7 cells. Flowcytometry and annexin-V analysis indicated 
that the chloroform fraction induced necrosis in MCF-7 cells. In addition, the colorimetric methods showed 
that the methanolic fraction possessed the highest amount of total phenolics (33.03 ± 0.75 mg/g of dry 
powder) and flavonoids (10.5 ± 2.0 mg/g of dry powder).The collective data demonstrated that F. vaillantii 
chloroform fraction may contain effective compounds with chemo-therapeutic potential act through an 
apoptotic independent pathway. 
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INTRODUCTION 

 
Traditional medicine and its relevance to 

public health have received a great deal of 
attention in developing countries (1,2). 
According to World Health Organization 
(WHO), more than 80% of the people around 
the world use plant extracts or their active 
constituents as folk medicine in traditional 
therapies (3). The advantages of using 
traditional medicine include dissimilarity, 
flexibility, easy to approach, relatively low 
cost, low levels of technological input and 
increasing economic importance (4). There are 
reports on more than 150 plant herbs still 
being used all over the world in daily life to 
treat different diseases (5).  

Fumaria, a well-known herb, has for a long 
time been recognized for its medicinal 
properties. The genus Fumaria L. comprises 

60 species, mostly native to the Mediterranean 
region, with only eight species reported in             
Iran (6). Antihypertensive, diuretic, liver 
protection, purgative, treatment of gastro-
intestinal disorders and abdominal cramps are 
some of the conventional properties of 
Fumariaceae family (7-12). Fumaria vaillantii, 
a member of the Fumariaceae family with a 
wide distribution in Iran, has traditionally been 
used for treating hepatobiliary, dermatological 
and gastrointestinal disorders (13).  

The growing cost for conventional 
treatments of cancer has prompted people to 
depend more on traditional medicine (14). As 
a therapeutic alternative and a safe choice, 
herbal medicine might even increase the 
success rate of most cancer treatments by 
having a lower systemic toxicity indicated in 
chemotherapy (15). Despite the afore-
mentioned advantages, little is known about 
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the possible medicinal application of these 
plants or their cytotoxicity (16,17). The 
present study was conducted to screen and 
evaluate the anticancer potential of Fumaria 
vaillantii extract against malignant melanoma 
cell line SKMEL-3, human breast cancer cell 
line MCF-7 and human myelogenous leukemia 
cell line K562.  
 

MATERIALS AND METHODS 
 
Plant material and extraction procedure 

F. vaillantii plant was collected from North 
of Tehran, Iran in August 2014. A voucher 
specimen (No. 6563 TEH) was deposited at 
the Herbarium of Faculty of Pharmacy at 
Tehran University of Medical Sciences and 
authenticated by Dr. Amin.  

The aerial parts of the plant were separated 
and dried in the dark for 3 days. Total extract 
was prepared by thoroughly mixing 30 g of 
dried powder with ethanol: water (80:20) at 
room temperature through maceration 
procedure. Furthermore, 30 g of the powder 
was extracted by solvents with different 
polarities including hexane, chloroform, ethyl 
acetate and methanol (Merck, Germany) by 
maceration. Total extract obtained from dried 
powder and the yield of extract was 21%. 
Chloroform, ethyl acetate and methanol 
fractions also obtained from the dried powder 
with the yield of 1.6, 2, 0.4 and 6%, 
respectively. 

Two methods for fractionation of the raw 
plant material have been reported in the 
literature; one is starting from dried powder 
and the other from total extract. In the present 
study, the former method was used to make 
sure that all compounds have been completely 
extracted (18-20). 

 
Estimation of total phenolics and flavonoids 

Phenolic extract of all samples were 
prepared according to Wang’s method (21) 
with some modifications. Total phenolics and 
flavonoids content in the phenolic extract were 
estimated by Folin-Ciocalteu and Aluminium 
chloride methods, respectively (22,23). The 
results are expressed as mg of gallic acid and 
quercetin equivalent/g of dry leaf extract. 

Cell culture 
The human cancer cell lines SKMEL-3, 

MCF-7, K562 and HGF were obtained from 
the National Cell Bank of Pasture Institute of 
Iran (NCBI). Cells were cultured and routinely 
maintained in Dulbecco's Modified Eagle 
Medium (DMEM) or Roswell Park Memorial 
Institute medium (RPMI) medium (Gibco-
BRL, USA) supplemented with 10% fetal 
bovine serum (FBS) (Gibco-BRL, USA), 100 
U/ml penicillin, and 100 mg/ml streptomycin 
(Gibco-BRL, USA) and were incubated at     
37 °C in a humidified atmosphere containing 
5% CO2 inside a CO2 incubator. 

 
In vitro cytotoxicity assay 

Total extract and fractions were tested for 
their cytotoxicity toward cancer and normal 
cell lines using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) 
assay. Briefly, cells were placed in 96-well 
plates, and sample solutions were added at 
concentrations ranging from 0.1–250 µg/ml to 
each well and incubated for 24, 48 and 72 h. 
Dimethyl sulfoxide (DMSO) (0.5%, Merck, 
Germany) treated cells serve as the solvent 
control. Treated cells were incubated with 
MTT (0.5 mg/ml in phosphate buffered saline) 
for 4 h at 37 °C. The medium was removed 
and dye crystal formazan was solubilized in 
DMSO. The absorbance was measured at 545 
nm. The 50% inhibitory concentration (IC50) 
value, defined as the amount of extract that 
inhibits 50% of cell growth, was calculated 
from concentration-response curves following 
a 24, 48 and 72 h exposure periods. Three 
independent experiments, performed in 
triplicate, were used for these calculations.  

 
Flowcytometric analysis 

Cell cycle phase distribution was 
determined by analytical DNA flowcytometry. 
SKMEL-3, MCF-7 and K562 cells were 
incubated for 72 h with 1.5, 0.05 and 3.5 
µg/ml of chloroform fraction, respectively. 
Cells were harvested and adjusted to 106 
cells/plate in 6-well plates (SPL, Korea) and 
stained with propidium iodide (PI) (Sigma-
Aldrich, USA) reagent at 37 °C for 15 min in 
the dark. PARTEC flowcytometer (Partec 
GmbH, Munster, Germany) with Flowjo 
software v.10 was used to analyze DNA 
content using UV light.  
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Identification of apoptosis by PI-Annexin-V 
staining 

This assay was performed to detect 
apoptosis using an annexin-V-FLUOS 
apoptosis detection kit, following the 
instructions provided by the manufacturer. In 
brief, harvested cells were resuspended in 100 
µl of the annexin-V-FLUOS labeling solution 
containing 2 µl annexin-V-FLUOS labeling 
agent, 2 µl PI solution and 1 ml incubation 
buffer to achieve a concentration of              
106 cells/ml and incubated at 37 °C. Finally, 
each tube was diluted with buffer before the 
cells were analyzed by a flowcytometer. All 
extracts were treated at ½ IC50 concentrations 
for both flowcytometry and annexin-V assays. 
This concentration was selected to observe the 
possible mechanism of apoptosis or necrosis 
induced by the extract (24). 
 
Statistical analysis 

Statistical analysis among groups was 
performed using multiple comparisons by one-
way ANOVA followed by Tukey’s post hoc 
test. All data are presented as arithmetic mean  

test. All data are presented as arithmetic mean 
± S.E.M of at least triplicate determinations. 
Significance was accepted at P<0.05. 

 

RESULTS 
 
Total phenolics and flavonoids content 

Total phenolics and flavonoids of total 
extract and different fractions obtained from  
F. vaillantii were reported in Table 1. Due to 
the polar nature of methanol, the amount of 
phenols and flavonoids in the methanolic 
fraction were significantly higher than hexane 
and chloroform fractions. Ethyl acetate 
fraction contained a considerable amount of 
total phenolics, but it did not reach to the 
quantity of the methanolic farction. As shown 
in Table 1, all fractions contained a certain 
amount of total phenolics and flavonoids, but 
methanolic fraction possessed the maximum 
quantity. These findings are in agreement with 
previous studies indicating presence of the 
phenolic compounds in the most species of 
this family (9). 

 
 

 
 

Table 2. IC50 values (µg /ml) for anti-proliferative activity of different extracts towards SKMEL-3, MCF-7 and K562 
cells. Values are presented as Mean ± SEM of three independent experiments performed in triplicate. 

Table 1. Contents of total phenolics and flavonoids in aerial parts of Fumaria vaillantii extracts. 

Flavonoids b Total Phenolics a Extracts 
1.2 ± 0.3 4.4 ± 0.71 Hexane 
4.01 ± 0.4 21.0 ± 2.1*Chloroform 
4.0 ± 0.1 30.3 ± 1*Ethyl acetate 
10.5 ± 2.0*33.03 ± 0.75*Methanol 
10.0 ± 1* 35.0 ± 1*Total 

aUnits; mg of gallic acid equiv/g of dry leaf extract. 
bUnits; mg of quercetin equiv/g of dry leaf extract. 
Values are presented as mean ± SEM of three independent experiments, performed in triplicate (*P<0.001 was 
considered to be significant). 

IC50 value (µg/ml) 

Cells Time 
Chloroform 
fraction 

Hexane 
fraction 

Ethyl acetate 
fraction 

Methanol 
fraction 

Total  
extract 

SKMEL- 24 h 80 ± 1.05 90 ± 1.05 >0.5 >0.5 251 ± 1.08 
 48 h 10 ± 1.29 63 ± 1.11 >0.5 >0.5 100 ± 1.18 
 72 h 3 ± 1.34 50 ± 1.07 >0.5 > 0.5 60 ± 1.11 
       
MCF-7 24 h 7 ± 1.25 40 ± 1.19 >0.2 >0.5 90 ± 1.3 
 48 h 6 ± 1.35 10 ± 1.47 >0.2 >0.2 20 ± 1.4 
 72 h 0.1 ± 1.22 5 ± 1.25 >0.2 0.1 ±1.35 2 ± 1.3 
       
K562 24 h 90 ± 1.23 80 ± 1.28 >0.5 >0.5 120 ± 1.1 
 48 h 46 ± 1.18 54 ± 1.05 >0.5 >0.5 100 ± 1.12 
 72 h 7 ± 1.17 12  ±1.07 >0.5 >0.5 30 ± 1.21 

SMEL-3; malignant melanoma, MCF-7; human breast cancer, K562; human myelogenous leukemia. 
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Cytotoxic activity of F. vaillantii extracts 

To screen the growth inhibitory activity of 
total extract and various fractions from aerial 
parts of F. vaillantii against different cancer 
cell lines including SKMEL-3, MCF-7 and 
K562 cells, cultures of the three cell lines were 
incubated in the absence and presence of 0.1–
250 µg/ml of extracts for 24, 48 and 72 h. The 
extracts caused cell toxicity in a concentration-
dependent manner (Fig. 1).  
IC50 values for various extracts in three different 
cell lines were calculated and reported in Table 
2. In order to evaluate cell toxicity of the 
chloroform fraction in normal cell line, the 
viability assay of this fraction was performed on 
HGF (human gingival fibroblast) after 72 h 
incubation. The IC50 value of the chloroform 
fraction against HGF cells [IC50 = 20 (8 - 30) 
µg/ml] was higher in comparison to cancer             
cell lines. 

 
Effect of F. vaillantii chloroform fraction on 
cell cycle progression 

To determine the ability of the most effective 
fraction (i.e., chloroform) of F. vaillantii to 
induce SKMEL-3, MCF-7 and K562 cell cycle 
arrest, flowcytometric analysis of DNA content  

arrest, flowcytometric analysis of DNA content 
and cell cycle distribution was performed. 
Cultures of the three cell lines were incubated 
with ½ IC50 concentration of the chloroform 
fraction for 72 h, stained with PI and analyzed 
by flowcytometry in order to determine the 
total population distribution in the different 
phases of G0/G1, S, and G2/M. Control cells 
were treated only with the highest amount of 
DMSO used in the experiments proceeded 
through a normal cell cycle. When SKMEL-3 
cells were treated with 1.5 µg/ml of chloroform 
fraction, an insignificant increase in population 
of sub-G1 cells from 23.4 ± 1.8 % for control 
to 24.0 ± 1.0 % after treatment was detected.In 
addition, treatment of MCF-7 cells with 0.05 
µg/ml of chloroform fraction led to an 
inconsiderable enrichment of sub-G1 cell 
population from 10.15 ± 0.35 % for control to 
10.6 ± 0.7 % after treatment. The same 
occurred after treatment of K562 cells with ½ 
IC50 concentration of chloroform fraction. 
Moreover, cell population in G0/G1 exhibited 
no significant change for the three treated 
cancer cell lines (Table 3). 
 

 
 

 
 

 
 
 
 
 
 

 

Fig. 1. Concentration-dependent cytotoxicity of chloroform fraction in a; malignant melanoma (SKMEL-3), b; breast 
adenocarcinoma (MCF-7) and c; human myelogenous leukemia (K562) cells. Anti-proliferative activity of the fractions 
was evaluated after 24, 48 and 72 h of treatments. Values are presented as mean ± SEM of three independent 
experiments, performed in triplicate. 

 

a) b)

c)
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Induction of apoptosis or necrosis by 
chloroform fraction of F. vaillantii 

To detect a correlation between the 
cytotoxic effect of F. vaillantii chloroform 
fraction on MCF-7 cells and apoptotic cell 
death, phosphatidylserine exposure as an early 
marker of apoptosis was evaluated using 
annexin-V/PI double staining. To do so, MCF-
7 cells were treated with chloroform fraction at 
½ IC50 for 72 h. As shown in Table 4, in the 

DMSO-treated cells, 89.4 ± 1.7% of cells were 
viable, while 5.5 ± 0.6% were in the early and 
0.3 ± 0.1% were in the late stages of apoptosis. 
After a 72 h treatment with 0.05 µg/ml of F. 
vaillantii chloroform fraction, the number of 
annexin V+/PI- and annexin V+/PI+ cells did 
not increase significantly, while the population 
of necrotic cells increased by 1.74%. These 
results are suggestive of a necrotic response 
induced by the chloroform fraction (Fig. 2).

 

 

 

Fig. 2. Flowcytometric analysis of PI-annexin-V to quantify chloroform fraction-induced apoptosis in MCF-7 cells. a; 
Dot plot of MCF-7 cells with DMSO treatment, b; Dot plot of MCF-7 cells were treated with chloroform fraction at 
0.05 µg/ml for 72 h. The results shown are representative of three independent experiments. Quadrant 3; living cells 
An−/PI−, Quadrant 4; early apoptotic cells An+/PI−, Quadrant 2; late apoptotic cells An+/PI+, Quadrant 1; necrotic 
cells An−/PI+.    

Table 3. Effect of chloroform fraction on cell cycle progression with respect to solvent-control on SKMEL-3, MCF-
7 and K562 cell lines. 

Cells Treatment 
Sub-G1 
(mean ± SE) 

Go/G1 
(mean ± SE) 

S 
(mean ± SE) 

G2/M 
(mean ± SE) 

SKMEL-3 
Solvent 23.4 ± 1.8 36.0 ± 2.0 21.3 ± 0.8 15.6 ± 1.04 
1.5 µg/ml 24.0 ± 1.0 39.3 ± 1.5 20.4 ± 0.4 14.8 ± 0.03 

 

MCF-7 
Solvent 10.15 ± 0.35 52.12 ± 1.7 7.4 ± 0.5 23.9 ± 0.8 
0. 05 µg/ml 10.6 ± 0.7 53.62 ± 1.2 9.21 ± 0.7 21.57 ± 0.5 

      
K562 

 
Solvent 10.8 ± 0.3 16.43 ± 0.65 24.98 ± 0.01 16.43 ± 0.65 
3.5 µg/ml 9.93 ± 3.93 18.44 ± 1.83 22.25 ± 1.9 18.44 ± 1.83 

At the indicated cell, distribution of the cells in sub-G1, Go/G1, S and G2/M phase was analyzed by flowcytometry as 
described in methods. Results are expressed as total cells. Data represent means of triplicate experiment. 
 

Table 4. Percentage of MCF-7 cells in each state after treatment with solvent and chloroform fractions at 0.05 µg/ml 
for 72 h of incubation. 

Compound  
Vital cells (%) 
An -/PI - 

Early apoptosis (%) 
An +/PI - 

Late apoptosis (%) 
An +/PI + 

Necrosis cells (%) 
An -/PI + 

Solvent 89.4 ± 1.7 5.5 ± 0.6 0.3 ± 0.1 4.0 ± 1.2 
Chloroform fraction 88.6 ± 2.0 5.1 ± 0.2 0.6 ± 0.1 5.74 ± 1.7 
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DISCUSSION 
 
Hundreds of years, plants have been used to 

treat diseases worldwide. Nowadays, 
traditional herbal medicine is a favorable 
alternative to chemotherapy, and basic 
research has opened the doors for scientists in 
the field of phytomedicine (25). Most of the 
current chemopreventive agents are 
nonspecific and cytotoxic for both cancerous 
and normal cells leading to various side effects 
(26). But the use of plant derived agents 
reduces this risk and it is more specific to the 
cancer cells.  

F. vaillantii, commonly known as 
“Shahtarah” in Persian herbal medicine, 
possesses antioxidant, anti-inflammatory and 
cytotoxic effects (27). It has been reported that 
these properties are mostly due to the presence 
of phenolics and alkaloids (28). Furthermore, 
aqueous, ethanol, chloroform and hexane 
extracts of F. indica were analyzed and found 
that diverse secondary metabolites containing 
flavonoids and alkaloids were present in all the 
extracts. Interestingly, among them, hexane 
and chloroform extracts showed the highest 
cytotoxic property (29). 

In this study, the antiproliferative activity of 
F. vaillantii extracts on MCF-7, SKMEL-3 
and K562 cells was examined. To do this, the 
obtained fractions as well as total extract were 
tested on three cell lines using MTT assay at 
24, 48 and 72 h. Considerable differences in 
sensitivity of the cell lines and fractions were 
evident. In addition, there was a significant 
difference between 24, 48 and 72 h treatments 
of the three cell lines with various fractions. 
MCF-7 cells showed a better inhibitory 
activity toward different fractions and 
chloroform fraction indicated more remarkable 
anti-proliferative efficiency at 72 h. 
Importantly, the noncancerous cell line, HGF 
was not susceptible to this extract showing 
selectivity between cancer and non-cancer 
cells. Based on the data reported by Gao and 
colleagues, Kim and colleagues and Shi and 
coworkers (30-33) ethanolic extract of some 
genera of this family including Corydalis 
yanhusuo and Corydalis heterocarp exhibited 
anti-metastatic and anti-proliferative activity 
against different cancerous cell lines. Our 

observed results are similar to the previous 
results confirming anti-cancer activity of the 
extracts obtained from F. vaillantii. However, 
the chloroform fraction indicated a very 
striking IC50 value among other fractions.    

Alteration of DNA content induced by 
disturbance of cell cycle progression plays a 
pivotal role in the proliferation of cancer cells 
(34). Therefore, to explore if F. vaillantii 
chloroform fraction caused antiproliferative 
activity through change in cell cycle 
distribution in MCF-7, SKMEL-3 and K562 
cells, a standard PI-staining protocol was 
applied to the treated cells. Our results 
revealed that cytotoxic effects are independent 
of the cell cycle blockage. Furthermore, it has 
been previously demonstrated that induction of 
apoptosis is one of the mechanisms for the 
anticancer activities of extracts in different cell 
lines (24). To validate the possible apoptosis 
occurred in MCF-7 cells were treated with 
chloroform fraction at 72 h, annexin V/PI 
profiles of flowcytometry were generated. Our 
results showed that chloroform fraction caused 
cell death not via apoptosis, but by other 
mechanisms containing necrosis. 

Since plant phenolics constitute one of the 
major groups of compounds and have a 
protective role in carcinogenesis, it was 
reasonable to determine their total amounts in 
various leaf extracts to discover if there is any 
correlation between anticancer properties and 
the amount of phenolic compounds (18). 
According to the amount of total phenolic 
compounds in different fractions, no obvious 
correlation was found between phenolics and 
anti-proliferative activity in our study. 

On the other hand, previous studies showed 
that Fumaria species contain some types of 
alkaloids with various structures possessing 
antiproliferative activity (35,36). These reports 
are in line with our obtained results suggesting 
a possible role of alkaloids present in 
chloroformic fraction, which are responsible 
for its considerable cytotoxic effect.     

 
CONCLUSION 

 
Taken together, our data suggest that         

F. vaillantii chloroform fraction can induce 
cell death possibly by necrosis. This is very 
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promising, since it indicates that the 
chloroform fraction of F. vaillantii may 
contain molecules that can be potentially used 
in cells death other than flavonoids or phenolic 
compounds. Also, it exhibited increased 
toxicity towards cancer cell lines, including 
breast cancer cells.  
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