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Gastric cancer is one of the main cancer-related death causes in the world threatening 

almost 12 million human lives by 2020. Achillea millefolium L. (yarrow) with domestic Iranian 

name of Bumadaran, has been as a curative plant for several medical conditions for a long 

time. Its antimicrobial and wound healing effects have been reported and in this study, we 

aimed to survey the in-vitro cytotoxic and anti-cancer effects of this plant. After taxonomically 

identification of Achillea millefolium L., its hydroalcoholic extract was extracted and the AGS 

gastric cancer and L-929 normal fibroblastic cell-lines with treated by the different 

concentrations of extract in 3 time periods (24, 48, and 72 hrs). MTT assay was performed for 

the evaluation of cytotoxic effects. The 24 hrs treatment did not affect cell survival, notably, 

while the concentrations of 64 and 16 µg/ml were determined as IC50 concentrations at 48 and 

72 hrs incubation times respectively. The 72 hrs incubation time with 16 µg/ml showed the best 

effectiveness on cancerous cell-line while being safe for normal cell-line. The long-term 

treatment of AGS cancer cell-line by low concentrations of yarrow extract could be useful for 

the cytotoxicity upon this type of cancerous cells. 
 
 

INTRODUCTION 

 

Cancer is an almost widespread disease 
underlying many cases of disorders, deaths, and 
disabilities all around the world1. Many organs 
can be involved with this disorder with an 
interesting pattern related to gastrointestinal 
(GI) cancers worldwide. GI cancers are 
classified as gastric cancer (GC), pancreatic 
cancer (PC), colorectal cancer (CRC), 
esophageal cancer (EC), and hepatocellular 
carcinoma (HCC)2. Among them, GC with the 
fourth position of common cancers and the 
second cause of cancer-related deaths 
worldwide is a main field of interest in health 
issues3&4. There is a tenfold variance in the 

incidence of Gastric cancer incidence rates 
through the world5 and geographically, Asia 
itself has almost two-thirds of all gastric cancer 
cases6. In addition, this kind of cancer is the 
most common cancer and cancer-related death 
cause in Iranian society (first and the third 
position of common cancers in Iranian men and 
women respectively6) with almost 10000 
incident cases and 8000 deaths each year7. 
According to the variable incidence of gastric 
cancer due to time trends, geographic variation, 
and the migration, it is suggested that the 
environmental and lifestyle factors are the 
major contributors to the etiology of this 
disease. These factors may include: 
Helicobacter pylori infection, Dietary factors, 
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Tobacco, obesity, and others8. There are 
controversial reports in the incidence trend of 
this cancer, so that despite a decrease in 
incidence and mortality due to the development 
strategies of diagnosis and treatment, the 
burden (incidence and mortality) are still high3 
because of population aging and growth and 
the spreading of cancer-related lifestyles9. The 
global estimations predict 15 million cases and 
12 million deaths by 2020 due to this cancer10. 
GC classification is mainly performed based on 
two aspects: the anatomic appearance and 
histological types of cancer which has 
cardiac/non-cardiac and enteric/non-enteric 
subtypes11. Systemic chemotherapy remains the 
mainstay of medical care for different types of 
progressive gastric cancer, whereas uncertainty 
remains regarding the choice of the 
regimen12&13. Many studies indicate multimodal 
therapy as the best appeal to treat progressive 
gastric cancer as a systemic disease14. Yarrow 
(Achillea millefolium L.) is a wild plant as a 
member of Asteraceae15 family with many 
subdivisions of species which are spread over a 
wide area around the world16. The apparent 
characteristics of these plants are typically 
hairy and aromatic leaves with flat clusters of 
small flowers at the end of their stem. Of 
course, some of these flowers are even grown 
as garden plants due to their different-colored 
flowers17&18. The Achillea name is originated 
from the Achilles in the literary Trojan War of 
the Iliad in which yarrow was used to heal the 
soldiers’ wounds. On the other hand, 
Bumadaran is a well-known name for several 
species of Achillea in Iranian language15. The 
geographical disturbance of its growth contains 
eastern, southern, central Europe and Asia19 
and widely in different parts of Iran, mainly 
Azerbaijan, Eelam, Esfahan, Fars, and Loresatn 
provinces. The folkloric medicinal use of 
Yarrow involves the treatment of diverse 
diseases, including inflammation, hemorrhage, 
pneumonia, rheumatic pain and gastrointestinal 
disturbances due to the presence of their tonic, 
anti-inflammatory, anti-spasmodic, diaphoretic, 
diuretic and emmenagogic agents16&20.  Also, 
Achillea species are the most important 
indigenous economic plants of  the Anatolia 
area so that the Turkish people traditionally 
drink herbal teas prepared from some Achillea 
species to alleviate the abdominal pain and 
flatulence21. Of course several studies have 

verified the effects of yarrow in the field of 
modern medicine. These studies have proven 
the antitumor22, liver protective23, antioxidant, 
antimicrobial24, anti-inflammatory25&26, anti - 
secretary, and gastro-protective activities27&28 
of this plant. In addition, there have been 
plenty of reports, introducing this plant as a 
bioactive component rich genus. Numerous 
fractions such as flavonoids, terpenoids, 
lignans, amino acid derivatives, fatty acids and 
the alkamides (nitrogen containing lipophilic 
components) have been discovered in this plant 
genus29. The volatile oils of Achillea contain 
monoterpenes as the most representative 
metabolites and high levels of sesquiterpenes 
too30&31. The aerial parts of Achillea species 
include nitrogen-containing compounds of 
proline VIII, stachydrine IX, betonicine X, 
betaine XI and choline XII32&33. Most of 
diarrhea-protective feature of Achillea is 
related to betaines, the components that contain 
permanent positive charge on the quaternary 
ammonium moiety34 with additional 
immunosuppressive activity in the 
experimental animals35&36. Anti-proliferation is 
another bioactivity that is reported about the 
isolated constituents from Achillea falcata and 

Achillea clavennae. Four sesquiterpene 
lactones have been isolated from Achillea 

falcata, which had significant ability to inhibit 
HaCaT cell growth and identified as 3β-
methoxy-iso-seco-tanapartholide XIII, 
tanaphillin XIV, iso-seco-tanapartholide XV, 
and 8-hydroxy-3-methoxy-iso-seco-
tanaparatholide XVI. The deduction of 
Keratinocytes cell viability is mainly found 
because of the presence of these components 
36. However, the most cytotoxic activity of 
these plants is attributed to a flavonol, 
centaureidin XX, which was already known as 
cytotoxic agent37. Anyhow, there are still 
several unknown aspects of Achillea plants that 
need more attention15. Indeed, natural crude 
extracts and biologically active compounds 
from plant species used in traditional medicine 
may represent valuable sources for such new 
preservatives38. To our knowledge there has not 
been any study targeting the direct cellular 
effect of Achillea millefolium L. extract on 
AGS cancer cell-line. Hence, this study was 
designed for the evaluation of cytotoxic effects 
of the crude extract of Achillea millefolium L. 
on the AGS human gastric cancer cell-line.  
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MATERIALS AND METHODS 
 

Plant material 

Yarrow flowers (domestic and native 
name: Bumadaran) were purchased from a 
local apothecary shop in Gorgan, Iran. The 
voucher specimen of plant Achillea millefolium 

L. with herbarium No. 4001 was identified in 
Mazandaran University, Sari, Mazandaran, Iran 
and have been deposited in the Metabolic 
Disorders Research Center, Gorgan Faculty of 
Medicine, Golestan University of Medical 
Sciences. After taxonomic identification as the 
Achillea millefolium L., the hyroalcoholic 
extract of yarrow was prepared based on 
maceration method.  For this aim, plant 
materials were left in fhade to be well-dried. 
Then, they were thoroughly powdered using an 
electric blender and 100 g of grounded plant 
material was placed in a 1000 ml beaker. 500 
ml of alcohol/distilled water (DW) solution 
(with the ratios of 70% and 30%, respectively) 
was added to the dish and mixed properly 
followed by leaving at room temperature for 72 
hours. After 72 hrs, the solvent was separated 
and the remained solution was filtered by 
Wathman filter paper (0.2 µm). The yielded 
crude extract was then concentrated using 
rotary evaporator. Final Achillea millefolium 
L. extract was used to make a serial 
concentration used in this study. 

 

Sample preparation 

The residues of crude extract were 
suspended in dimethylsulfoxide 
(DMSO)/medium (1:9) and the dilutions of 1 
ppm, 2 ppm, 4 ppm, 8 ppm, 16 ppm, 32 ppm, 
64 ppm, and 128 ppm were obtained. All of the 
mentioned serial concentrations were again 
centrifuged at 10 000 × g for 5 minutes to 
eliminate any probable non-dissolved fractions. 

 
Cell-lines culture 

The gastric cancer cell-line AGS (as case 
cell-line) and mouse fibroblasts normal cell-
line (as the control normal cell-line) which 
were kind gifts from department of 
microbiology of Golestan university of medical 
sciences, were cultured in DMEM and RPMI-
1640 media (Bio-idea, IR Iran, lot numbers: BI-
1004 and BI-1007) respectively supplemented 
with heat-inactivated fetal bovine serum (10%) 
(Bio-idea, IR Iran, lot number: BI-1201) 100 
U/ml penicillin, 100 µg/ml streptomycin (Bio-

idea, IR Iran, lot number: BI-1203) and 
incubated under humidified environment at 
37°C and 5% CO2 as previously described39. 
The mycoplasma-free conditions of the cell-
lines were proven with a Myco-Probe 
Mycoplasma Detection Kit (R&D Systems, 
Minneapolis, MN). 

 
MTT assay 

The MTT assay was performed according 
to the previously described method40. In brief, 
cells were seeded in a 96-well plate at a 
concentration of 1×104 cells/ml. After 24 hrs 
incubation at 37°C, serial concentrations of 
Achillea millefolium L. extract (1, 2, 4, 8, 16, 
32, 64, and 128 µg/ml) and DMSO/medium 
(1:9) were added. Both AGS and L-929 cell 
lines were treated with these concentrations of 
plant extracts in triple (three wells for each 
concentration). The cells were incubated in a 
humidified atmosphere with 5% CO2 in 37°C 
for three time intervals of 24, 48, and 72 hrs in 
different plates. The medium was renewed 
every day. After a careful washing with PBS, 
20 µl MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) (Sigma-Aldrich) 
solution with the concentration of 4.14 mg/ml 
was added to each well and incubated at 37°C 
for 4 hours. After removal of the medium, the 
formazan crystals were dissolved in DMSO and 
the optical density of each well was measured 
at 540 nm with a different wavelength of 630 
nm using a plate reader (statfax 4300, 
chromate, USA). The IC50 value was calculated 
using nonlinear regression analysis and 
determination of growth inhibition was 
performed according to below formula: 

Growth Inhibition = (Control OD – sample OD 
/ Control OD) 

Statistics 

The results were analyzed using SPSS 
(version 16) software and unpaired samples t-
test was used for estimations. The results are 
expressed as mean ± SD. The P-value < 0.05 
was considered as statistically meaningful in all 
analyzes. 
 

RESULTS AND DISCUSSION 

 

Results  

In the current study, the cytotoxic effects 
of different concentrations of the Achillea 

millefolium L. extract were assessed on the 



Mohammad Mostakhdem Hashemi, et al. 

142 

AGS gastric cancer cell-line. The MTT assay 
was performed over 3 different incubation 
times of 24, 48, and 72 hrs. on the other hand; 
the safety of anti-cancer drug is another issue 
to be considered in addition to its cytotoxicity, 
so that the desired treatment should not have a 
notable cytotoxic effect on the normal cells. 
Hence, the same treatments of the target plant 
extract were done on L-929 normal fibroblast 
cell-line to evaluate its safety upon normal 
cells. As shown in figure 1A, the 24 hrs 
incubation of cells did not reveal any 
significant difference about the cell survival in 
none of the treated concentrations (p-
value>0.05). The interesting fact about 24 hrs 
period of treatment was the ineffectiveness of 
none of extract concentrations even the highest 
one (128 µg/ml) while in longer periods of 
incubation, the cytotoxic effects were clearly 
seen in even mild concentrations (32 µg/ml). 
Overall, the high survival of both cancerous 
and normal cells-lines demonstrated that 24 hrs 
period of incubation with this extract could not 
reveal any meaningful effects on target cells (p-
value>0.05). But, by 48 h of drug treatment 
(figure 1B), the survival of cancer cells 
declined in concentrations of 16, 32, and 64 
µg/ml so that in the 64 µg/ml concentration, 
only 50% of cancer cells survive.  

At this incubation time there was a step by 
step decline in AGS cell-line survival by the 
increase of extract concentrations, while the 
deduction of survival was very slight in the to 
the desired goal (cytotoxicity on cancer cell-
line and safety upon normal cells). Finally, we 
saw some interesting results regarding 72 hrs 
(figure 1C) as the longest period of treatment.  

The IC50 equal to 64 µg/ml was observed 
in 48 hrs incubation time. In this concentration, 
normal fibroblast cells still had a higher 
survival (69%) in comparison to that of cancer 
cells (50%) and suggested that we were getting 
closer  case of L-929 cell-line. The difference 
between survivals of these two cell-lines got 
greater so that we saw a notable difference in 
survival of two cells-lines about the 
concentration of 16 µg/ml which was 
considered as the IC50 of AGS cell-line with a 
survival of about 50%.  Nevertheless, the 85% 
survival of normal cells was seen in 16 µg/ml 
concentration of treatment and the difference 
between the survival of cancer and normal cells 
was statistically significant (p.value<0.05). 
Considering to this observation that the lowest 
cytotoxicity of normal cells is seen in 16 µg/ml, 
it seems that the optimum, safe, and effective 
dosage of this extract could be set at 16 µg/ml 
(figure 2). 

 

   

 
Fig. 1: The survival fraction of cancr and normal cell-lines in different concentrations and periods of treatment.
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Fig. 2: The deductive trend of cell survival during 3 treatment days. 
 
 

It is clearly seen that, however initial survival 
of the AGS gastric cancer cell-line (1.7) is 
higher than L-929 normal fibroblast cell-line 
(1.4), but it significantly decreases by the time 
so that at the end of day 3, there is only 0.54 
survived cancer cells while this portion is equal 
to 0.85 in case of normal cells. 
 
Discussion 

In the current study, the cytotoxic effects 
of Achillea millefolium L. hydroalcoholic 
extract were surveyed on the gastric cancer 
AGS and normal fibroblasts L-929 cell-lines. 
According to our observations, the 
concentration of 64 and 16 µg/ml had a proper 
inhibitory effect on the AGS gastric cancer 
cell-line in 48 and 72 hrs treatment 
respectively. The 47% survival of AGS 
cancerous cells when treated with 64 µg/ml for 
48 hrs showed efficacy of this intervention, but 
it also affected L-929 normal cells (66% 
survival) which alerts the insecurity of this 
approach for normal cells.  On the other hand, 
the 72 hrs treatment with 16 µg/ml had a slight 
cytotoxicity on normal fibroblasts cells (85% 
survival) in comparison to acceptable 
cytotoxicity for cancer cells (50% survival), the 
fact that convinced us to introduce this dose as 
an effective (for cancer cell-line) and safe (for 
normal cell-line) dose for the utilization in this 
type of studies. We thought that short periods 
of treatment could not show effective results 
even by high concentrations and at least there 
is a need for a 48 hrs treatment period to the 

cytotoxic results to be appeared. Also, the IC50 
= 64 µg/ml for 48 hrs treatment is a field of 
conflict in our study. In the definition of this  
observation, it should be stated that, however 
this concentration showed a high cytotoxicity 
on cancer cells, but its same effect on normal 
cells, which reduced their survival by 66% 
limits its usage as a safe concentration. The 
other interesting observation took place in the 
case of the trend of survival deduction in 
different concentrations at 72 hr. we saw a 
steep slope in the reduction of cancer cells 
survival (from 90% to 54%) by the increase of 
treatment concentration (from 1 to 16 µg/ml), 
while this deduction was too slight for normal 
cells (from 90% to 85%). But, the elevation of 
concentration from this point (16 µg/ml) 
intensely affects normal cells survival so that 
only a doubling of concentration from 16 to 32 
µg/ml results in a 20% decline (from 85% to 
65%) in L-929 cells survival which notifies the 
diverse effects of higher concentrations of 
Achillea millefolium L. extract in normal cells. 
This observation should be definitely 
considered in future studies and probable 
clinical utility of this extract. In the review of 
literature, Ghavame et al.

41 reported that 
22.051 µg/ml concentration of the Achillea 

millefolium L. extract could reveal an IC50 
effect against AGS gastric cancer cell-line. 
They used two different solutions for the herbal 
extract (DMSO and ethanol 50%, respectively) 
and unfortunately did not report the final 
concentration of used stock. They reported that 
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the substitution of extract solvent (DMSO 
against ethanol 50% with a considerably less 
cytotoxicity) did not alter the observed effects 
of AGS cell lines which confirms the 
cytotoxicity of Achillea millefolium L. extract 
per se. By the way the similarity of their 
effective concentration (22.051 µg/ml) and 
ours (16 µg/ml) is notable. Also, the selectivity 
of this extract on AGS cell line was reported by 
Ghavami et al.

41 So that they reported a 
significant lower cytotoxicity of mentioned 
extract in case of HFFF normal fibroblast cells. 
Csupor-Löffler attributed this cytotoxic activity 
of Achillea millefolium L. extract against 
cancerous cell-lines to the flavonol 
centaureidin which has less groups of 3´-
hydroxy and 3-methoxy than its inactive 
analogue artemetin42. Casticin was reported as 
another cytotoxic agent through the inhibition 
of mitotic spindles synthesis and Bcl-2 
depletion43. paulitin and isopaulitin as two 
well-known sesquiterpenoid compositions with 
two α,β-unsaturated systems have been 
reported as other candidates of yarrow extract 
cytotoxic effects44. Of course it should be 
considered that the higher concentrations of 
yarrow extract may reveal diverse effects in 
normal biologic systems especially germinating 
regions. According to a study by Montanari et 

al., the intraperitoneal and oral administration 
of the Achillea millefolium L. extract (with 
concentrations of 200 and 300 mg/kg/day, 
respectively) resulted in the alterations of 
spermatogenic action and reduction of germ 
epithelium45. Amirghofran et al. reported the 
10 µg/ml concentration as the effective and 
cytotoxic concentration of Achillea millefolium 
L. in case of two cancer cells-lines while they 
did not see any considerable effect on HeLa 
cervix carcinoma cell-line46. The comparison of 
the results of our study and that of last 
mentioned study, suggests that the 
effectiveness of this extract may depend on the 
origin and nature of treated cells. The 
cytotoxicity of this plant against cancer cell-
line is so remarkable because of the genetically 
modification of these cells that harbor cDNAs 
encoding the proteins mediating common drug 
resistance activities such as mutation-activated 
epidermal growth factor receptor (EGFR) or 
which had knocked-out expression of tumor 
suppressor p5347. AGS cell-line with pre-
described MDR against anti-cancer agents such 

as epirubicin which possesses up-regulated 
ATP-binding cassette B1 (ABCB1)48 showed 
vulnerability against this extract which bolds 
the surprising results of current study even 
more. ABCB1 is a transporter protein with an 
effective activity for detoxifying in normal 
cells, but also its reverse activity against 
anticancer agents was reported during 
chemotherapy49&50. We suppose that inhibition 
or at least down-regulation of ABCB1 mRNA 
expression is a possible mechanism for the 
efficacy of Achillea millefolium L. extract in 
AGS cell-line. Also, the decreased 
susceptibility to chemotherapy-induced 
apoptosis through the improvement of DNA 
integrity is suggested as another drug-
resistance mechanism51 and another probable 
mechanism which Achillea millefolium L. 
extract showed cytotoxicity could be attributed 
to this phenomenon that the mentioned extract 
may aggravate DNA fragmentation of AGS 
cells to induce their apoptosis death. 

In concluding, we can claim that the low 
concentrations of  the Achillea millefolium L. 
extract could have cytotoxic effects on gastric 
cancer cell-line while being safe for normal 
cells during longer treatment periods. Of 
course, it should be mentioned that the 
effectiveness of this extract may depend on the 
cancer type and cell origin and also it could act 
as a double-edged sword by affecting even 
normal cells in high concentrations. 
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