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Abstract 
Background and objectives: Achillea is an ancient medicinal herb. The genus comprises about 100 

species which are mostly distributed in northern hemisphere and some have been investigated for 

different biological activities. There are also several reports in Iranian Traditional Medicine (ITM) 

texts about its anti-tumor effect. The cytotoxic activity of the methanol extract of Achillea 

vermicularis Trin.  has been reported in previous studies against different tumor cell lines. Based on 

these reports, the species has been further investigated for apoptosis induction ability. Methods: The 

apoptosis induction ability has been evaluated through activated caspase 3 investigation in intact 

MCF-7 cells in vitro.  Results: The assay demonstrated signs of caspase 3 activation in MCF-7 cells. 

Conclusion: Achillea vermicularis is suggested for further mechanistic evaluations in apoptosis 

studies. 
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Introduction 

The genus Achillea consists of more than 100 

species which are mostly distributed in northern 

hemisphere [1]. This genus has been noted 

medically from antiquity and the healing 

properties have been listed by Dioscorides [2] 

and Pliny [3]. There are some biological activity 

reports about different species of the genus. The 

famous member, Achillea millefolium, is known 

as yarrow or milfoil. It is used as antibacterial, 

anti-inflammatory, antiedemic, vermifuge and 

expectorant in herbal therapy [4]. Another 

species, A. ptarmica, which is known as 

sneezewort is used as astringent, analgesic and 

hemostat [4]. A. eriophora essential oil has 

shown considerable activity against some 

pathogenic microbial antifungal strains [5]. A. 

alexandri-regis has demonstrated cytotoxic 

activity in vitro against HeLa cells [6]. The 

present study focuses on Achillea vermicularis 

Trin. which has been evaluated in previous 
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studies and has exhibited cytotoxic activity 

against  MCF-7 and A-549  cell lines with IC50 

values below 100 μg/mL [7]. The species has 

been mentioned in Iranian Traditional Medicine 

(ITM) for its ability to dissolve tumors and a 

former study has tried to somehow relate its 

claimed use in ITM with modern cancer 

researches [8]. In the present study, we have tried 

to find out whether apoptosis induction was 

responsible for the cytotoxicity of the extract. 

The emphasis on apoptosis induction ability was 

considered because so many people, including 

the patients and their families, are affected by 

cancer all over the world [9] and in many cases 

cancer cells would resist to chemotherapy [10] 

which makes the problem worse. Some acquired 

biological hallmarks during tumor multistep 

development make the cancer cells prone to resist 

against therapy. One of these hallmarks has been 

described as programmed cell death or apoptosis 

[11]. The essential role of apoptosis as long as 

tumor progression and chemotherapy resistance 

has been well defined [12] thus; apoptosis 

induction is a key therapeutic approach [13]. In 

other words, apoptosis induction is the main 

mechanism of a cancer chemotherapeutic agent 

for inducing cytotoxic effect [14].  

There are different methods to indicate apoptosis 

induction [15]. In the present study we employed 

caspase 3 assay. Caspases are normally presented 

in the inactive form (zymogens) in the cytosol 

but they are capable of turning into active forms. 

The significant member of this family in the 

execution phase of apoptosis which can activate 

other caspases is caspase 3 [16]. 

Nowadays, so many common and distinctive 
natural products are known as cancer 
chemotherapeutic agents [17]. Special role of 
plants kingdom by introducing the taxanes, 
vinblastin, epipodophyllotoxins and some other 
drugs is seriously notable [18] and natural 
sources are providing more expectations about 
finding novel lead compounds [19]. 
Based on previous reports of Achillea 
vermicularis cytotoxic activity [7], the apoptotic 
induction ability of the methanol extract of this 

medicinal plant has been evaluated against MCF-
7 cell line using caspase-3 assay.  
 
Experimental 

Plant material 
Achillea vermicularis aerial parts were collected 
from Ardabil province, Iran (2012). The species 
was authenticated by botanists of the Traditional 
Medicine and Materia Medica Research Center 
(TMRC), Shahid Beheshti University of Medical 
Sciences, Tehran, Iran. A voucher specimen 
(3478-TMRC) was deposited at the TMRC 
Herbarium for future reference. The plant was 
dried in shade and ground. 
 
Extraction 
Ten grams of the dried powdered Achillea 
vermicularis was macerated with methanol at 
room temperature for 24 h (thrice). The methanol 
extract was further concentrated using a rotary 
evaporator at 40 °C and the concentrated dried 
extract was kept in 2-8 °C for future assays. 
 
Chemicals and reagents 
Dulbecco’s modified Eagle medium (DMEM), 
Fetal Bovine Serum (FBS), (Gibco, Auckland, 
New Zealand), penicillin-streptomycin, MTT ([3-
(4, 5-dimethylthiazol-2-yl) -2, 4-diphenyl 
tetrazolium bromide]), PBS (Sigma, St. Louis, 
MO, USA) and DMSO (dimethyl sulfoxide) 
(Merck, Hohenbrunn, Germany), were used in 
the apoptosis evaluation and methanol (Mojalali, 
Iran), was used for plant extraction. The 
NucView™ 488 Caspase 3 Assay Kit for Live 
Cells (Biotium, Hayward, CA, USA) was used in 
apoptosis assays. 5-FU (Sigma, St. Louis, MO, 
USA) was used as the positive control. 
 

Cell line 

MCF-7 (human breast adenocarcinoma) cells 

were obtained from the Pasteur Institute, Tehran, 

Iran. This cell line was cultured in DMEM with 

5% FBS to maintain the desired growth in a 

humidified incubator at 37 °C in an atmosphere 

of 5% CO2. It was further treated with 1% 

penicillin-streptomycin.  
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Sample preparation 
Serial concentrations were prepared from a stock 
solution (10 mg/mL) of the methanol extract in 
DMSO. The final concentration for probable 
apoptosis induction was about 80% of reported 
IC50 amount for MCF-7 cells in previous studies 
which was 34.8 μg/mL (final concentration of 
DMSO was 1%) [7]. 
 
Apoptosis induction 
The apoptosis ability of Achillea vermicularis 
extract has been evaluated by observing active 
caspase 3 in the test medium [20]. MCF-7 cells 
were seeded in 96-well plates at 6 × 10

3
. After 24 

h, the medium was replaced with fresh medium 
containing 25 μg/mL of the extract to, 
expectedly, induce apoptosis. After 20 h of 
exposure, the medium was replaced with 200 μL 
fresh medium. Then 3 μL of the NucView™ 488 
Caspase 3 Assay Kit for Live Cells was added to 
the well which was considered qualified by 

observing the light microscope field and 
evaluating the cells morphologically. The cells 
were incubated for 5 min in a dark place at room 
temperature. The results were evaluated using an 
inverted florescent microscope (HUND) and by a 
digital camera (Canon 600D). The green 
florescence demonstrated the presence of 
activated caspase 3 enzyme in the cytosol. This, 
subsequently, would be the indicator of the 
activated apoptotic cascade. The 
excitation/emission wavelengths were 450/490 
nm, respectively. 5-FU was utilized as the 
positive control. 
 

Results and Discussion 

Figure 1 exhibits the possible apoptosis induction 

ability of Achillea vermicularis methanol extract 

by observing activated caspase 3 in live cells. 

Figure 2 demonstrates the same probable 

induction for 5-FU as the positive control. 

Figure 1. MCF-7 cells treated with 25 µg/mL of Achillea vermicularis methanol extract. A remarks fluorescent and B remarks 

the light microscopic view of the same field. The arrows point to the affected cells.

 

Figure 2. MCF-7 cells treated with 0.5 µg/mL of 5-FU. A remarks fluorescent and B remarks the light microscopic view of the 

same field. The arrows point to the affected cells. 
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The term apoptosis was introduced in 1972 which 

represented distinct morphologic changes such as 

cytoplasmic shrinkage, chromatin condensation 

and nuclear fragmentation that could be observed 

by light microscope during apoptosis induction 

[21]. This could distinguish the affected cells 

among regular ones. In the present study along 

with the morphologic changes such as condensed 

chromatin which could be observed in the light 

field microscopy, some more specific aspects of 

apoptosis induction by the activated caspase-3 

assay was noticed.  
Evaluating activated caspase 3 is a proper 

indicator of apoptosis induction [22]. In the 

present study, activated cytosolic caspase 3 

cleaved the NucView™ 488 Caspase-3 substrate 

and released the specific nucleus dye which 

stained the DNA. The NucView 488 DNA dye 

was attached to the caspase-3 substrate peptide 

sequence DEVD. 

In this case, it couldn’t bind to the DNA and 

stayed non-fluorescent. The time the substrate 

crossed the plasma membrane to enter the 

cytoplasm, it was cleaved by caspase-3 and the 

high-affinity DNA dye was released, which could 

migrate to the cell nucleus to stain the nucleus 

with bright green fluorescence which confirms 

apoptosis induction.  

Both the fluorescent shining nuclei of the 

apoptotic cells and the morphologic changes of 

nucleus such as chromatin condensation were 

observed during apoptosis by fluorescent 

microscopy. These changes were demonstrated in 

figure 1 by brilliant fluorescence caused by 

activated caspase 3 in the condensed nuclei of 

MCF-7 cells and the light microscopic field view 

certified the apoptotic process by obvious shrunk 

cytoplasm.  

There are strong statements about anti-tumor 

properties of Achillea vermicularis in ITM. It is 

claimed that the species could smooth or dissolve 

the tumors that were formed in testis, uterus, 

anus, viscera and liver [7]. The cytotoxic activity, 

as demonstrated in previous research [7], along 

with the apoptosis observations in the present 

study, could provide a promising sign toward 

usefulness of this traditional medication and rise 

probabilities about finding new lead compound 

clues for cancer research through surveying 

traditional knowledge. 
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