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Background: Traditional medicine is inspiring in drug development research. Epilobium 
parviflorum extracts have shown promising therapeutic effects on prostate cancer cells. The 
similarities between breast and prostate cancers at molecular and metabolic levels prompted us 
to explore its effects on human breast cancer.

Methods: The root, aerial parts and flowers of the plant were, collected and dried separately 
at ambient temperature and away from direct sunlight. The aquatic and methanolic extracts of 
each part was prepared. The effect of each extract on the growth of MCF-7 breast carcinoma 
cells and HEK293 normal cell line was evaluated, using MTT assay. Each experiment was 
repeated at least three times independently. The IC50 values for each treatment time point were 
analyzed, using ANOVA at P<0.05.

Results: While none of the extracts had considerable toxicity on normal HEK293 cells, 
some of them showed varying levels of toxicity on the MCF-7 cells. The methanolic extracts 
were more cytotoxic than the aqueous counterpart. The roots’ methanolic extract showed the 
strongest cytotoxicity on the MCF-7 cells in a dose and exposure time dependent manner. The 
IC50 after 48 hours of treatment was determined at 73µg/ml.  

Conclusion: This study is the first to demonstrate that Epilobium parviflorum had a strong 
growth inhibiting property on MCF-7 cell line, as a potential model to treat human breast 
cancer cells. The most cytotoxic effect was noted for the methanolic root extract. Determination 
of the effective biochemical constituents of the extract against cancer cells is the focus of our 
future research.
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Introduction

ancer is the second leading cause of death 
after cardiovascular disease worldwide. 
The lung, rectal, breast and prostate cancers 
are among the highest fatal cases in humans 
globally [1]. In developing countries, breast 

cancer is the first leading cause of cancer deaths among 

women [2]. The current therapeutic strategies to treat can-
cer, such as radiation and chemotherapy, have many side 
effects and developing drug resistance in enduring cancer 
cells make the procedure even more complicated. 

Since there is no definitive cure for cancer, developing 
cancer preventive strategies is essential in the manage-
ment of this disease. One of the most promising strat-
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egies in anticancer drug development is searching for 
natural compounds in traditional medicine [3]. Iran is 
rich in herbal species due to its climatic diversity and 
traditional medicine history, which has been mostly re-
lied on herbal treatments. Among the 20 identified Epilo-
bium willow species in Iran, Epilobium parviflorum (E. 
parviflorum) was selected for investigation in this study 
due to its proven effects on prostate cancer [4].

This plant is a perennial herb belonging to the Onagra-
ceae family and grows at various geographic locations in 
Iran, reaching an average height of 30-80 cm. The habi-
tat of this plant spans across the mountainous altitudes in 
Khorasan, Mazandaran, Damavand and East Azerbaijan 
[4-7]. The upright stem is densely covered with hairs, es-
pecially denser in the lower part. The 4-10cm long leaves 
grow opposite each other, un-stalked, oblong oval and 
toothed, rounded at the base. The tiny flowers with four 
petals, eight stamens and a 4-lobed stigma are pale pink or 
purple, usually blooming from June to August. The fruit is 
a 3-7cm long capsule, containing very small black seeds 
with white fibers that comfort the dispersal by wind [8].

The extracts of this plant, with antioxidant and anti-
inflammatory effects, are used in traditional medicine 
for healing illnesses of prostate, bladder and kidneys [9]. 
E. parviflorum has been prescribed as tea in traditional 
medicine to treat several complaints including the disor-
ders of kidneys and urinary tract [10]. The extracts have 
been shown to inhibit the proliferation of human prostate 
cells in vitro by affecting the progression of cell cycle. 
The extract has been known for its antioxidant and anti-
inflammatory effects on benign prostatic hyperplasia and 
prostatitis [11]. It also reduces the effects of cyclooxy-
genases COX-1 and COX-2, which catalyze the biosyn-
thesis of prostaglandins [11, 12]. 

In the COX inhibition assay, E. parviflorum has 
strongly reduced the PGE2 secretion with an IC50 of 
1.4±0.1μg/mL [12]. The aqueous extract, the essential 
oil and the remaining aromatic water have shown strong 
antimicrobial effects against a number of bacteria and 
fungi, including Staphylococcus aureus, Enterococcus 
faecalis, Escherichia coli, Pseudomonas aeruginosa and 
Candida albicans, with a minimum inhibitory concentra-
tion of 10-40μg/ml [13].

The published pharmacological reports on this plant 
indicate the presence of flavonoids and sitosterol deriva-
tives that inhibit Prostaglandin (PG) biosynthesis and 
reduce inflammation in experimental animals [14]. The 
anti-proliferative effect of the extracts has been report-
ed on human prostate mucosa PZ-HPV-7, by arresting 

cell cycle progression from the G0/G1 phase. Another 
relevant effect reported for the extract is the inhibition 
of 5-alpha reductase and aromatase enzymes [15]. The 
aquatic and alcoholic extracts of this plant are also effec-
tive in inducing apoptosis in human prostate LNcap cells 
through disruption of mitochondrial membrane potential 
and caspase-3 activation [9, 16].

The compounds extracted from the aqueous extract of 
this plant include mostly polyphenols and flavonoids, in-
cluding oenothein B [9], macrocyclic tannin, camphoric 
acid, chlorogenic acid, gallic acid derivatives, oleic ac-
ids, myricetine, Kaempferol and other glycosides [11, 
17]. The Kaempferol and quercetin constituents of this 
plant have shown antiproliferative effects [15]. Oeno-
thein B has anti-inflammatory, antiviral and antitumor 
properties [10, 15, 19]. Interestingly, enzymatic metabo-
lites have been identified in the extract of E. parviflorum 
that contain aromatase and 5-alpha-reductase inhibitors. 
These compounds have been shown to strongly inhibit 
prostate cancer [9, 20]. 

Investigating the anti-cancer properties of E. parviflo-
rum, especially in breast cancer is the particular focus of 
this study. As briefly reviewed above, the only cancer type 
known to be controlled with the extract of this plant so 
far, is prostate cancer. To date, no information has been 
reported on the effects of the alcoholic or aqueous extracts 
of E. parviflorum on breast cancer cells. Considering 
that the hormonal dependence of most breast cancers is 
closely similar to that of benign prostate cancer, we aimed 
to investigate whether MCF-7 cells, as a model cell for 
hormone-sensitive breast cancer, may be inhibited by the 
aquatic and/or methanolic extracts of E. parviflorum.  

Materials and Methods

Preparation of plant samples: The samples of E. 
parviflorum were collected manually from Neyshabour 
area. Its components, i.e., the roots, aerial parts and flow-
ers, were dried separately in the shade. After complete 
drying, they were individually pulverized to enhance the 
extraction efficiency in the solvents.

Extraction: Five grams of the powder from each plant 
part was added to 100 ml of 80% methanol or double 
distilled water, and shaken for 24 hours with a rota-
tion speed of 250 rpm at room temperature. The solu-
tions were filtered through whatman paper filter under 
vacuum and placed in a rotary apparatus at a speed of 
70 rpm at 40° C for 24 hours. The solutions were finally 
transferred to an oven at 45°C and kept for 24 hours to 
completely remove the solvents [21]. The stock solu-
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tions of each extract was prepared at 25mg/ml, sterilized 
through filter and stored at -20° C until further analysis.

Cell culture: The breast cancer cell line (MCF-7) and/
or HEK293 normal cell line were cultured in DMEM 
medium, containing 10% FBS, 1% penicillin-strepto-
mycin at 37° C, 5% CO2 and 95% humidity. The culture 
medium was changed every 48 hours and the cells were 
sub-cultured at 80% confluence, and removed from the 
culture dishes with trypsin-EDTA every 4-5 days [22].  

MTT assay: The potential effects of the extracts on 
cellular growth were estimated, using MTT assay [22]. 
Approximately 10,000 cells were seeded in each well of 
96-well culture plates. The next day, the cells were treat-
ed with fresh medium, containing 1000, 500, 250, 125, 
62.5 or 31.25 μg/ml of the extracts, and incubated for 24, 
48 or 72 hours. The cells were then incubated for 4 hours 
in the presence of 0.5 mg/ml MTT (Sigma-Aldrich; Ger-
many) at 37° C. The viable cells metabolically converted 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide to its insoluble formazan dye (i.e., purple to 
violet dye), which was then dissolved in 100µl dimethyl 
sulfoxide. The concentration of the dye was estimated by 
reading the absorbance at 570nm on a plate reader (Pow-
erwave, BioTek, Germany) [9]. The experiments were 
repeated at least three times independently, each includ-
ing four replicates of every extract concentration.

Statistical analyses: The statistical analyses were per-
formed, using SPSS v. 19. In this study, T-test analysis 
was done for every two independent groups. Indepen-
dent samples were used to compare the significance of 
cell viability in breast cancer cells versus normal cells 
for each extract over 48 hours of treatment. The two-
way ANOVA was applied to test the influence of two 
different categorical independent variables on one con-

tinuous dependent variable. This was done to assess the 
main effect of each independent variable and whether 
there was an interaction between them. Two-way ANO-
VA was used to compare the survival rate of normal ver-
sus cancer cells at different time periods of the roots’ 
methanolic extract treatments. Factor A was the treat-
ment exposure time and factor B was the concentration 
of the extract used [25].

Results

Citotoxicity effects: The cytotoxicity of the aquatic 
and methanolic extracts of E. parviflorum was evalu-
ated using MTT assay. Six different concentrations 
of the extracts were tested on the breast cancer and/or 
HEK293 normal cells. Figure 1 represents the cells vi-
ability after 48 hours of exposure to various treatments. 
A dose-dependent relationship of decreasing viable cells 
was demonstrated when MCF-7 cells were treated with 
the methanolic extracts, although no significant changes 
was observed on normal cells viability (Figures 1A, B 
& C). Among the methanolic extracts, the one derived 
from the plant roots were the most cytotoxic with the 
IC50 value being 73μg/ml. The extracts from the other 
plant parts were significantly less cytotoxic. The IC50 
values for the methanolic extract of the flowers and 
aerial parts were 110μg/ml and 160μg/ml, respectively. 
Based on the t-test analysis, the inequality of variances 
was at the 5% level and the significant differences for 
each of the methanolic extracts was less than 0.05 (P 
<0.05). None of the methanolic extracts showed signifi-
cant cytotoxicity against HEK293 cells. Also, none of 
the aqueous extracts showed significant cytotoxicity on 
either cell types (Figures 2A, B & C).

Cell viability versus the extracts: Figure 2 shows the 
estimated viability for MCF-7 and HEK293 cells after 48 

Figure 1. The cells viability after 48 hours of exposure to various treatments

A. Viability of the MCF-7 and HEK293 cells after 48 hours treatment with methanolic extract of root; B. Aerial parts; and C. 
Flower; The Mean±SEM values of three independent experiments. 
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hours of treatment with the aqueous extracts, using MTT 
method. The IC50values of the aqueous extracts of the 
roots, aerial parts and flowers of E. parviflorum on MCF-
7 cells were measured as 330, 460 and 600µg/ml, respec-
tively. Again, these extracts had no substantial cytotox-
icity on HEK293 cells. In general, the aqueous extracts 
showed much less inhibitory effects on both cancer and 
normal cells as compared with those for the methanolic 
extracts. The t-test results showed that the inequality of 
variances was at 1% level and no significant differences 
were observed among the aqueous extract. As the surviv-
al percentage of cells treated with the methanolic extract 
of the roots was the lowest among the other five extracts, 
the cell viability tests for various exposure times were 
performed for the strongest extract. Figure 3 summarizes 
the MTT measurements of the cell viability for three in-
dependent experiments, each consisting of four replicates 
for every concentration of the extracts. 

The methanolic root extracts of E. parviflorum showed 
a dose and exposure time dependent cytotoxicity ef-
fects on MCF-7 cells (Figure 3). The IC50 values for 
the methanolic root extract on MCF-7 cells after 24, 48 
and 72 hours of treatment were 130, 73 and 52 µg/ml, 
respectively. Based on the one-way ANOVA of the sur-
vival rates at three time points, the significance of the 
IC50 values were confirmed (P˂0.05). Also, the P value 
for Factor A*B was 0.0012 after 48 hours of treatment.

Discussion

Cancer progression is believed to be very closely 
linked to increased inflammation and oxidative stress. 
Therefore, the combination of anti-inflammatory and 
antioxidant properties may enhance the anti-cancer ef-
fects of the drugs [24]. Plants of Epilobium species have 
many antioxidant and anti-inflammatory properties, aris-
ing from their active metabolites with pharmacological 

Figure 3. Viability of MCF-7 cells in various time points of exposure to the methanolic extract of root of Epilobium parviflorum; 
The Mean±SEM values of three independent MTT experiments.

Figure 2. The estimated viability for MCF-7 and HEK293 cells after 48 hours

A. Viability of the MCF-7 and HEK293 cells after 48 hours treatment with aqueous extract of root; B. Aerial parts; and C. 
Flower; The Mean±SEM values of three independent experiments 
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effects that include anticancer properties [4]. In spite of 
several important active compounds including falvo-
noids, ellagitanins, aromatic acids and sterols identified 
in E. parviflorum, its anticancer properties have been 
poorly studied. This plant is well known for its therapeu-
tic effects on prostate diseases [9, 16]. However, its po-
tential anti-proliferative and cytotoxic effects on breast 
cancer cells have not been studied based on our recent 
literature review. This study reports the inhibitory effect 
of E. parviflorum on breast cancer cells for the first time.

This study was conducted to investigate whether the 
aquatic and/or methanolic extracts of E. parviflorum may 
have inhibitory effects against MCF-7 cancer cells. We 
found that the roots were the most cytotoxic part of this 
plant, which contained high amounts of metabolites. We 
used two different solvents to prepare the extracts, metha-
nol and distilled water. Some of the substances in the meth-
anolic extracts have been previously identified, including 
alkaloids, flavonoids, ellagic acid and various tannins with 
known therapeutic effects [25]. In this regard, E. Parviflo-
rum has been shown to contain myricetin, quercetin and 
isomyricetine, kaempferol and chlorogenic acid [17]. 

The high antioxidant and protective capacity of this plant 
are believed to be due to its flavonoid constituents [18, 
26]. Among various metabolites of the aqueous extracts 
of E. parviflorum, several have recently been reported to 
have antioxidant activity and inhibit lipo-oxygenase, due 
to their strong radical scavenging activity [27]. These an-
ti-oxidatant properties may explain the non-cytotoxicity 
of the aqueous extracts found in the current study. An-
other active compound of this plant is β-cytosterol that 
is capable of binding estrogen and androgen receptors to 
exert agonist effects on steroid receptors [18]. We found 
weak cytotoxic effects of the aqueous extracts on MCF-
7 cells compared to the methanolic extract. However, in 
a previous study [16], the aqueous extracts inhibited the 
proliferation of hormone‐dependent prostate cancer cells 
LNCaP at a comparable concentration (IC50=37.3 µg/
ml). This could be related to different molecular aspects 
of hormone metabolism between the two cell lines.

The most detailed report on the cytotoxic effects of this 
plant comes from Hevesi’s studies on prostate cancer cells 
in vitro [18, 28]. Another recent study reported the thera-
peutic effects of the extract on Benign Prostatic Hyperpla-
sia (BPH) in rats [29]. The therapeutic effects are believed 
to be associated with androgen regulation, suppressing 
NF-κB expression, reducing inflammatory responses and 
oxidative stress [30-32]. Oenothein B as a main com-
pound of this plant, inhibits aromatase and 5-α-reductase 
enzymes [33], inactivates endopeptidases, and suppresses 

growth factors [32]. Although secondary metabolites 
from the root extract have not been well studied, our data 
provide strong evidence in support of the cytotoxicity of 
the methanolic extract, compared to the aqueous ones. 
The finding may imply a higher anti-cancer capacity in 
the roots of E. parviflorum than in other parts of the plant.

Conclusions

Reviewing the evidence reported by recent studies on 
various biological effects of E. parviflorum, in particu-
lar its anti-cancer effects, we tested the hypothesis that 
whether the plant may inhibit the growth of MCF-7, a 
hormone sensitive breast cancer cell line. To our knowl-
edge, this is the first report on the anti-cancer effect of 
the plant extracts against a well defined breast cancer cell 
line. Our results indicated that the methanolic extracts 
of E. parviflorum had stronger cytotoxic effects than the 
aqueous ones without having a considerable damaging 
effect on a normal cell line model. The methanolic ex-
tract had a strong inhibitory effect on MCF-7 cell line, 
which was dependent on the dose and exposure time. 
The extracts did not affect the growth and proliferation 
of a normal cell model, i.e. HEK 293 cell line.
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