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Abstracts: Introduction: Breast cancer is overall considered the second most frequently recognized 
cancer worldwide. Several studies have recently reported the antitumoral properties of some 
medicinal herbs such as Yarrow (Achillea millefolium), Marjoram (Origanum majorana), and Rose 
(Rosa damascena Mill L). Therefore, the current study aimed to evaluate the effect of the 
hydroalcoholic extract of these plants on breast cancer prevention in female mice. 

Methods: Mice were classified into five ten‐mice groups: normal control (untreated group), tumor 
group (treated with 4T1 cells), and treatment groups (treated with 4T1 cells+ Yarrow or Rose and 
Marjoram plants). Then, the levels of cancer antigen 15-3 (CA 15-3) and carcinoembryonic antigen 
(CEA), superoxide dismutase (SOD), and total antioxidants were determined. Finally, the tumor size 
was evaluated.  

Results: The hydroalcoholic extract of Yarrow herb significantly decreased the levels of CA-15-3 
and CEA (P-value = 0.008 and P-value = 0.018, respectively). In addition, hydroalcoholic extracts of 
Yarrow, Rose, and Marjoram plants significantly reduced tumor size in comparison with the tumor 
group (P-value < 0.001 for Yarrow, and P-value = 0.004 for Rose and Marjoram plants). Yarrow 
herb had the significantly highest effect on tumor size in comparison with Rose and Marjoram plants 
(P-value = 0.011 for both plants). However, no significant differences were found among the groups 
treated with the plants in comparison with the tumor mice in terms of SOD and total antioxidants (P-
value > 0.05). 

Conclusion: Our findings revealed that A. millefolium had the greatest antitumor effects on mice 
with breast cancer in comparison with O. majorana and R. damascena herbs. However, more 
complementary studies are needed in this regard. 
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1. INTRODUCTION 

Cancer disease is a major health concern in modern 
societies [1] and breast cancer is overall regarded as the 
second most frequently recognized cancer worldwide. More 
importantly, this type of cancer commonly affects the female 
population [2]. There has recently been an increasing interest 
in the application of dietary derived compounds and 
phytochemicals for cancer prevention and treatment [3, 4]. In 
this regard, several phytochemicals have extensively shown 
antitumoral properties in vivo and in vitro [4-8]. For 
example, researchers have reported that Patrinia 
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scabiosaefolia stimulated the death of human renal cell 
carcinoma 786-O cells via mTOR and SIRT-1 signaling, 
which provided a novel insight into the application of natural 
extracts for cancer therapy [9]. Besides, Trametes 
robiniophila Murr(Huaier) polysaccharide showed anticancer 
influences against clear cell renal cell carcinoma [10]. It is 
noted that some phytochemicals obtained from natural 
origins, such as camptothecin and taxol, are highly applied in 
clinics to treat cancers [11, 12]. However, breast tumors 
remain one of the most resistant [2].   

In the last years, several studies have reported the 
antitumoral properties of some medicinal herbs such as 
Yarrow (Achillea millefolium), Marjoram (Origanum 
majorana), and Rose (Rosa damascena Mill L) [13-15]. A. 
millefolium is a natural remedy that is considered a major 
medicinal herb for several centuries to treat bleeding, 
headache, inflammation, wounds, gastrointestinal disorders, 
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and pains [16, 17]. Nowadays,  many investigations have 
established strong antioxidants [17], wound healing [18], 
anti-inflammatory [19], skin lightening [20], and skin 
rejuvenating [21] potential of A. millefolium hydro-alcoholic 
or alcoholic extracts. Moreover, it has antimicrobial, 
antibacterial, immunological, antiplatelet, and anti-
proliferative activity [22]. Another plant is O. majorana 
commonly known as marjoram [23]. This herb is primarily 
distributed in the Mediterranean areas and belongs to the 
family of Lamiaceae [23]. Its leaves are applied to treat 
asthma, insomnia, nervousness, and gastritis [24]. Many in-
vestigations reported that marjoram revealed anti-microbial 
[25] and antitumor activity [26, 27] and inhibited platelet 
adhesion and aggregation [28]. Furthermore, it has been 
shown that this herb induced apoptosis, inhibited metastasis, 
migration and tumor growth as well as promoted mitotic 
arrest in breast cancer [26, 27]. 

On the other hand, R. damascena (Damask rose) is one of 
the most significant species of the Rosaceae family. This 
ornamental plant is mainly cultivated for application in 
perfumes and food industries [29]. Also, R. damascena is 
used to manufacture Iranian traditional medicine [15]. A 
number of isolated constituents and products from petals, 
flowers, and seeds of this plant have been investigated in 
vitro and in vivo [30]. This plant is mainly consumed to 
enhance the brain [31] and cardiovascular function [32] and 
is used as a gentle laxative [33] and cough reliever [34]. The 
anti-ageing, antimicrobial,  antidiabetic [35], anti-HIV [36], 
anti-inflammatory [37], antitumoral [38-40] and antioxidant 
[41] activities of this herb have been well-documented. 

However, the effect of A. millefolium, R. damascena and 
O. majorana plants on breast cancer remains unclear. To the 
best of our knowledge, no studies have compared the 
preventive effects of these plants on breast cancer in female 
mice. Hence, the aim of the current study was to evaluate the 
effect of hydroalcoholic extract of Yarrow, Rose, and 
Marjoram plants on breast cancer prevention in female mice. 

2. METHODS 

2.1. Cell Culture 

Mouse mammary tumor (4T1 cell lines) was purchased 
from the Iranian Biological Resource Center (IBRC). Cells 
were cultured in RPMI 1640 medium supplemented with 
10% FBS and 1%penicillin-streptomycin solution and then 
they were maintained at 37°C in a humidified atmosphere 
with 95% air and 5% CO2. The culture medium was changed 
every 2-3 days, and cells were passaged with 0.25% 
trypsin/EDTA [42]. 

2.2. Animals and Treatments 

Fifty female BALB/c mice, 5 weeks old and weighing 
16-20 g, were obtained from the National Animal Center 
(Pasteur Institute of Karaj). In addition, the murine breast 
cancer cell line, 4T1, was purchased from the Pasteur 
Institute of Iran (Tehran, Iran). All the mice were housed in 
standard cages and maintained under standard conditions 
(35%-60% relative humidity; 23 ± 2ºC temperature; 12 h 
light/dark cycle). Before the treatments, the mice were 
randomly classified into five ten‐mice groups: 

Normal control (untreated group): Mice having 
undergone laboratory measurements without any treatment. 

Tumor group: Mice treated with 100 µl of 4T1 cell 
suspension at a cell density of 2.5 × 105 cells/ml in 1× PBS 
in order to induce breast cancer (injected into the inguinal 
mammary fat pad subcutaneously). 

Treatment group 1: Mice treated with 4T1 cells + the 
hydroalcoholic extract of A. millefolium (in the form of 
gavage) in a dose of 100 mg/Kg body weight. 

Treatment group 2: Mice treated with 4T1 cells + the 
hydroalcoholic extract of O. majorana in a dose of 100 
mg/Kg body weight. 

Treatment group 3: Mice treated with 4T1 cells + the 
hydroalcoholic extract of R. damascena in a dose of 100 
mg/Kg body weight. 

The hydroalcoholic extract of all three plants was used 
for 2 months (daily). After one month, 100 µl of 4T1 cell 
suspension at a cell density of 2.5 × 105 cells/ml in 1× PBS 
was applied to induce breast cancer. After one month, all 
mice were anesthetized and blood samples were taken from 
them. In the next stage, blood samples were centrifuged at 
2000×g for 7 min for the isolation of serum and finally, 
serum samples were kept at -70°C until future examination. 

2.3. Preparation of Hydroalcoholic Extraction 

The Yarrow (Achillea millefolium), Marjoram (Origanum 
majorana), and Rose (Rosa damascena) herbals were taken 
from the Faculty of Agriculture, University of Tehran, 
Tehran, Iran. The plants were approved by a registered 
pharmacologist as Achillea millefolium, Rosa damascena, 
and Origanum majorana. The hydro-alcoholic extract of 
three plants was prepared by the maceration protocol. 
Maceration is a liquid-solid separation method, with water 
and an organic solvent as the liquid phase. Water, ethanol, 
and methanol, or a mixture of these solvents were applied for 
the isolation of phenolic compounds [43]. At first, 120 grams 
of the powdered herbal was soaked in 600 mL of 70% 
ethanol and stirred intermittently for two days at 25 oC. In 
the next stage, the solution was passed through Whatman’s 
filter paper. Finally, the filtered extract was fed to a rotary 
evaporator for drying. The extract was kept at a temperature 
of -20°C until further analyses [44]. 

2.4. Measurement of Biochemical Parameters in Serum 

Initially, tumor markers of cancer antigen 15-3 (CA15-3) 
and carcinoembryonic antigen (CEA) were measured using 
the chemiluminescence method according to Nima Pouyesh 
Teb Co. Ltd., kit instructions (Tehran, Iran). Then, superox-
ide dismutase (SOD) levels were determined based on 
Navand Salamat kit instructions (no. TAC-az22, Urmia, 
Iran). In addition, total antioxidants were measured using the 
high-performance liquid chromatography (HPLC) technique 
according to Navand Salamat kit (no. NS-15032, Urmia, 
Iran) following the manufacturer’s instructions. Finally, the 
tumor size was determined using a manual caliper twice a 
week [45]. 
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2.5. Statistical Analysis 

Descriptive statistics including mean ± SD, first, second 
and third quartile along with minimum and maximum are 
reported for each treatment. In order to compare measured 
criteria, including CA15.3, CEA, SOD, total antioxidants 
and tumor size, a One-way ANOVA procedure was 
performed. In cases where One-way ANOVA assumptions 
(homogeneity of variance, Normality of Errors) were 
violated, the Kruskal-Wallis test was used. Pairwise 
comparison was conducted by independent samples t-test or 
Wilcoxon sum rank test with a false discovery rate 
adjustment. All statistical analyses were performed using the 
R software version 4.0.5 and P-value < 0.05 was considered 
statistically significant. 

3. RESULTS 

Table 1 demonstrates the effect of hydroalcoholic 
extracts of Yarrow, Rose, and Marjoram plants on the 

variables measured in female mice. Moreover, (Figs. 1-5) 
indicate the effect of hydroalcoholic extracts of Yarrow, 
Rose, and Marjoram plants on the factors of CA15-3, CEA, 
SOD, total antioxidants, and tumor size, respectively. Based 
on (Figs. 1 and 2), CA15-3 and CEA levels were 
significantly elevated in the tumor group in comparison with 
the untreated mice, respectively. However, the 
hydroalcoholic extracts of all three plants alleviated the 
levels of CA-15-3 and CEA in comparison with the tumor 
group but only the Yarrow herb significantly decreased the 
levels of these tumor markers (P-value = 0.008 for CA-15-3, 
P-value = 0.018 for CEA). In addition, another finding 
showed that hydroalcoholic extracts of Yarrow, Rose, and 
Marjoram plants significantly reduced tumor size in 
comparison with the tumor group (P-value<0.001 for 
Yarrow, P-value = 0.004 for Rose and Marjoram plants). 
More importantly, the Yarrow herb had the significantly 
highest impact on tumor size in comparison with the other 
plants (P-value = 0.011 for both plants). 

 
Table1. The effect of hydroalcoholic extracts of Yarrow, Rose and Marjoram plants on the variables related to breast cancer (tu-

mor markers and tumor size) and antioxidant factors in female mice. CA 15-3: Cancer antigen 15-3, CEA: Carcinoem-
bryonic antigen, SOD: Superoxide dismutase, SD: Standard deviation, Min: Minimum, Max: Maximum. 

Criterion Treatments Mean SD Min Q1 Median Q3 Max P-value 

 

 

CA15.3 

(U/ml) 

Yarrow 

Marjoram 

Rose 

Tumor 

Healthy 

7.660 

8.530 

7.660 

12.000 

7.337 

2.418 

4.445 

5.023 

1.810 

0.124 

4.20 

3.60 

3.40 

9.60 

7.17 

5.775 

4.400 

3.900 

10.900 

7.222 

7.750 

7.450 

5.800 

11.500 

7.385 

8.550 

12.475 

10.150 

12.575 

7.425 

12.20 

14.90 

16.30 

15.30 

7.51 

 

 

0.017 

CEA 

(ng/ml) 

Yarrow 

Marjoram 

Rose 

Tumor 

Healthy 

0.174 

0.318 

0.270 

0.357 

0.179 

0.063 

0.169 

0.185 

0.136 

0.007 

0.112 

0.124 

0.124 

0.000 

0.165 

0.128 

0.176 

0.145 

0.353 

0.178 

0.154 

0.300 

0.206 

0.392 

0.180 

0.191 

0.433 

0.335 

0.418 

0.183 

0.314 

0.618 

0.712 

0.486 

0.186 

 

 

0.012 

 

SOD 

(U/ml) 

Yarrow 

Marjoram 

Rose 

Tumor 

Healthy 

91.21 

47.80 

67.31 

62.52 

90.38 

45.162 

22.575 

29.277 

24.471 

4.675 

21.6 

12.3 

32.6 

25.3 

79.3 

54.975 

28.500 

42.375 

45.575 

89.425 

98.25 

49.70 

65.60 

61.15 

91.30 

118.775 

65.450 

80.450 

73.750 

93.475 

169.4 

74.6 

125.9 

106.5 

95.6 

 

 

0.003 

 

Total Antioxi-
dants 

mmol/L 

Yarrow 

Marjoram 

Rose 

Tumor 

Healthy 

591.9 

658.1 

726.8 

503.2 

857.6 

278.167 

317.144 

228.683 

330.976 

42.568 

129 

129 

254 

122 

754 

395.00 

434.00 

654.75 

265.25 

849.25 

597.5 

730.5 

739.5 

403.5 

866.5 

794.25 

914.50 

882.25 

786.50 

872.75 

984 

1025 

984 

1012 

923 

 

 

0.17 

Tumor size 

mm3 

Yarrow 

Marjoram 

Rose 

Tumor 

165.11 

302.53 

332.81 

477.07 

99.376 

141.503 

211.404 

9.285 

100.8 

118.4 

126.8 

451.9 

106.175 

212.475 

177.550 

476.750 

120.20 

245.65 

317.35 

479.20 

192.075 

412.750 

391.350 

482.150 

410.6 

541.9 

845.6 

483.9 

 

 

<0.001 
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Fig. (1). Comparison of the effect of hydroalcoholic extracts of Yarrow, Rose and Marjoram plants on tumor marker of cancer antigen 15-3 
(CA15-3, U/ml) in female mice with breast cancer. CA15-3 levels were significantly elevated in the tumor group in comparison with the un-
treated mice (P-value = 0.002). The hydroalcoholic extract of Yarrow herb significantly decreased the levels of CA15-3 (P-value = 0.008). 

 

 
Fig. (2). Comparison of the effect of hydroalcoholic extracts of Yarrow, Rose and Marjoram plants on tumor marker of carcinoembryonic 
antigen (CEA, ng/ml) in female mice with breast cancer. CEA levels were significantly elevated in the tumor group in comparison with the 
untreated mice (P-value = 0.018). The hydroalcoholic extract of Yarrow herb significantly reduced the levels of CEA (P-value = 0.018). 
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Fig. (3). Comparison of the effect of hydroalcoholic extracts of Yarrow, Rose and Marjoram plants on superoxide dismutase (SOD, IU/mg 
protein) in female mice with breast cancer. SOD levels were significantly reduced in the tumor group in comparison with the untreated mice 
(P-value = 0.023). No significant differences were found among the groups treated with the plants in comparison with the tumor mice in term 
of SOD (P-value>0.05). 

 

 
Fig. (4). Comparison of the effect of hydroalcoholic extracts of Yarrow, Rose and Marjoram plants on total antioxidants (mmol/L) in female 
mice with breast cancer. No significant differences were found among the groups treated with the plants in comparison with the tumor mice in 
term of total antioxidants (P-value>0.05). 
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Fig. (5). Comparison of the effect of hydroalcoholic extracts of Yarrow, Rose and Marjoram plants on tumor size in female mice with breast 
cancer. Hydroalcoholic extracts of Yarrow, Rose and Marjoram plants significantly reduced tumor size in comparison with the tumor group 
(P-value<0.001 for Yarrow, P-value = 0.004 for Rose and Marjoram plants). Yarrow herb significantly had the highest effect on tumor size in 
comparison with the other plants (P-value = 0.011 for both the plants). 

 
However, despite the great effects of these herbs on SOD 

and total antioxidants, no significant differences were found 
among the groups treated with the plants in comparison with 
the tumor mice in terms of SOD and total antioxidants (P-
value > 0.05). 

4. DISCUSSION 
Nowadays, despite advancements in manufacturing 

synthetic drugs, there is a growing tendency in the use of 
herbal treatments because of their limited side effects, high 
efficacy, reasonable price, and easy access [46]. To the best 
of our knowledge, no studies have compared the preventive 
effects of A. millefolium, O. majorana and R. damascena 
herbs on breast cancer in female mice. Therefore, in the 
current study, we compared the preventive effect of 
hydroalcoholic extracts of these herbs on breast cancer in 
female mice for the first time.  

The results of the present study showed that the 
hydroalcoholic extract of A. millefolium herb significantly 
decreased the levels of CA-15-3 and CEA. In addition, 
hydroalcoholic extracts of A. millefolium, R. damascena, and 
O. majorana plants significantly reduced tumor size in 
comparison with the tumor group. A. millefolium herb had a 
significantly high impact on tumor size in comparison with 
R. damascena and O. majorana plants. Some of the findings 
in this study are in line with those conducted earlier. For 
example, Ghavami et al. [47] investigated the cytotoxic 
activities of  A. millefolium herb on breast cancer cells in 
vitro (MCF-7 cells). They showed that this plant had a 
cytotoxic effect against MCF-7 cells with IC50 = 64.058 

µg/mL after 24 h incubation. In another study, cytotoxic 
effects of aqueous, aqueous-methanol,  N-hexane, and 
chloroform extracts of the aerial parts of this herb on MCF-7 
cell lines were reported [48]. These effects are probably 
related to the phytochemical profile of A. millefolium that is 
primarily characterized by the presence of apigenin 
flavonoid glycosides, rutin, rosmarinic, luteolin as well as 
chlorogenic acid and its caffeoylquinic derivatives [49-51]. 

On the other hand, Dhaheri et al. [27] in 2013 evaluated 
the effect of O. majorana on the proliferation, invasion, and 
migration of breast cancer cells in vitro (MDA-MB-231 
cells). They showed that non-cytotoxic doses of this plant 
significantly inhibited tumor growth as well as the invasion 
and migration of breast cancer cells through suppressing 
vascular endothelial growth factor (VEGF) as well as the 
activities of matrix metalloproteinase-9 and -2 (MMP-9 and 
MMP-2). It has also been established that O. majorana can 
result in the hyperacetylation of histone H4 and H3 [26]. In 
addition, this herb consists of a dietary flavonoid (luteolin) 
that can inhibit histone deacetylase activity, leading to the 
suppression of inversion [27]. In another study, Dhaheri et 
al. [26] showed that O. majorana enhanced apoptosis 
through the extrinsic pathway, including the activation of 
caspase 3, caspase 8, tumor necrosis factor-a (TNF-α), 
depletion of the mutant p53 and downregulation of survivin 
in MDA-MB-231 cells [26]. In line with our studies, a few 
studies revealed that R. damascena oils and extracts induced 
cytotoxic effects against some tumor cells in vitro [38-40]. 
Furthermore, Hagag et al. in 2014 [52] reported that R. 
damascena had antitumor potential against both HepG2 and 
breast tumor cells (MCF-7). Moreover, other studies have 
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shown cytotoxic activities of the essential oil of this herb 
against human lungs, prostate, and MCF-7 [53]. In addition 
to breast cancer, Al-Oqail et al. [15] in 2021 revealed that 
the methanolic extract of Rose at 100 µg/ml and larger 
inhibited the cell viability of human cervical cancer HeLa 
Cells.  

We also found that despite the increasing influences of A. 
millefolium, R. damascena, and O. majorana plants on SOD 
and total antioxidants, no significant differences were found 
among the groups treated with the plants in comparison with 
the tumor mice regarding SOD and total antioxidants. 
However,  several studies have reported the antioxidant 
properties of these traditional herbs [17, 25-27, 41]. In 
addition, two studies approved that R. damascena can reduce 
oxidative stress injuries and improve antioxidant capacity in 
rats receiving CdCl2. These properties are related to rich 
antioxidant content like Apigenin, Gallic acid, quercetin, and 
phenolic compounds [54, 55]. The differences between our 
study and others may be related to the smaller sample size in 
mice groups and the duration of intervention. Another 
limitation of the current study was the lack of evaluating 
signaling pathways associated with breast cancer. For this 
reason, it is recommended that future researchers investigate 
how A. millefolium and even R. damascena and O. majorana 
could affect breast tumors. 

CONCLUSION 

In the current study, we compared the preventive effect 
of hydroalcoholic extracts of Achillea millefolium (Yarrow), 
Origanum majorana (Marjoram), and Rosa damascena 
(Rose) herbs on breast cancer in female mice for the first 
time. Our findings revealed that the hydroalcoholic extracts 
of all three plants significantly reduced tumor size in 
comparison with the tumor group. More importantly, the 
Yarrow herb had the highest antitumor effects on mice with 
breast cancer in comparison with the other herbs. However, 
more complementary studies are needed in this regard. 
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