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Abstract 

Despite significant advances in treatment, breast cancer remains a medical 

problem and the most common cancer leading to death among women 

worldwide. The most common breast cancer treatments, radiotherapy and 

chemotherapy are usually expensive and can cause severe side effects and 

low response rates due to drug resistance. To overcome these problems, 

medicinal plants can be the best alternative to chemotherapy drugs with 

fewer side effects and cost-effectiveness. Sesquiterpene lactones are 

compounds of the Asteraceae plant family that has significantly impacted 

various aspects of breast cancer cells. This review focused on the biological 

properties of Sesquiterpene lactones and their potential processes in breast 

cancer, leading to enhanced anticancer effects. 
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Breast lobules or ductal epithelial cells that are 

malignant are what give rise to breast cancer. 

Breast cancer is the most prevalent kind of cancer 

in women across the world, accounting for 25% of 

all cancer cases (1). According to the WHO 

report, 2.3 million women globally received a 

breast cancer diagnosis in 2020, and 685,000 of 

them passed away. By the year 2020, 7.8 million 

women who received a breast cancer diagnosis in 

the previous five years would still be living (2). 

According to doctors in Iran, eight thousand 

Iranians are diagnosed with breast cancer 

annually, and there are around 30 to 35 cases of 

the disease per 100,000 Iranian women (3). 

Because of the interaction of hereditary and 

environmental variables, breast cancer is a very 

diverse illness that gradually accumulates genetic 

and epigenetic alterations in breast cancer cells. 

Although epidemiological evidence points to 

unique factors like age, obesity, alcohol 

consumption, and dealing with estrogens, which 

are highlighted by early menstruation, late 

menopause, and lifelong infertility, the presence 

of family history is thought to be the disease's 

most vital contributing factor. Using a diet 

containing fiber, a low-fat diet, mobility, physical 

activity, weight control, not delaying marriage, 

not using alcohol, and breastfeeding are among 

the environmental factors of breast cancer control 

(4-6). The symptoms of this cancer can be in the 

form of a lump in the breast, its shape change, 

fluid secretion from the nipple, or skin 

abnormalities in the desired area, which usually at 

first appear as a small lump in the breast, but the 

bump grows over time and spreads to areas near 

the breast such as the skin and lymph nodes under 

the arm. The tumor may invade organs such as the 

liver, brain, lungs, and bones. If breast cancer is 

diagnosed in the early stages and before it 

progresses and spreads to the surrounding areas, it 

can be treated (7, 8). In the treatment of breast 

cancer, surgical methods such as mastectomy, 

lumpectomy, removal of the ovaries and radiation 

therapy, hormone therapy, and chemotherapy 

(cyclophosphamide, methotrexate, 5-fluorouracil, 

adriamycin, and paclitaxel) are used. Recently, 

methods such as a monoclonal antibody 

(Herceptin) and gene therapy have been used to 

treat this cancer (9-12). According to the progress 

made in the treatment field, the treatments 

mentioned above have limited effectiveness in 

many cases (13). Therefore, more efforts are 

needed to improve chemotherapy and develop 

treatment methods specific to breast cancer so that 

the standard of living can be improved. There are 

new treatment methods that deserve further 

studies. For this reason, analyzing the chemical 

compounds of plants and determining their 

biological activity is of great importance. Due to 

the reduction of toxicity and side effects of 

chemotherapy, traditional treatment methods can 

make massive progress in cancer treatment in the 

coming decades (14, 15). Herbal compounds are 

among the essential sources of anti-cancer drugs 

due to fewer side effects and better therapeutic 

effects. In general, plant-based anti-cancer 

medications may be divided based on their mode 

of action as inhibitors, antioxidants, and mitosis-

interfering substances (vinca alkaloids, taxol) (16, 

17), antioxidants (thymoquinone, vincristine) (18, 

19), and inhibitors compounds that change DNA 

(such as camptothecin) (20) and agents that 

prevent angiogenesis (flavopiridol, 

epigallocatechin gallate) (21, 22). Sesquiterpene 

lactones, a novel class of chemicals with 

numerous anti-cancer effects, are produced from 

the Asteraceae (Compositae) family, which 

includes several significant medicinal herbs, 

including Artemisia annua, Arnica montana, and 

Tanacetum parthenium Astraceae family are 

considered one of the essential plant families for 

therapeutic purposes (23, 24). Many studies have 

been done in phytochemistry and the therapeutic 

effects of plants of this family. Various 

compounds with different biological effects have 

been isolated from these plants and introduced to 

Highlights  
 

 Sesquiterpenes from different species 

induce apoptosis in breast cancer cells by 

different mechanism. 

 Sesquiterpenes have anticancer effects in 

breast cancer cells. 
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modern pharmaceutical science, which has anti-

malarial, anti-insect, anti-cancer, antioxidant, anti-

fungal, anti-bacterial, and anti-viral effects (25-

27). Artemisia contains essential components such 

as terpenoids, alkaloids, phenolics, and 

coumarins, making it a significant genus in both 

biochemical and pharmacological fields (27, 28). 

Among the biological compounds isolated from 

this genus are sesquiterpene lactones which are 

recognized as apoptosis inducers and cell 

proliferation inhibitors in a variety of 

malignancies, including breast cancer (24, 29-32). 

Using substances that can induce the apoptotic 

death of cancerous cells is now one of the critical 

methods in cancer treatment (33, 34). There are 

many mechanisms through which apoptosis is 

induced in the cell whose anti-cancer effects have 

been identified in various types of research (24, 

30, 31, 35). The search strategy was via PubMed, 

SCOPUS and Google scholar for identifying 

studies published on effect Sesquiterpene lactones 

in breast cancer. 

Sesquiterpenes 

Sesquiterpenes are a family of terpenoids built by 

connecting three isoprene units. Each isoprene 

unit consists of 5 carbon and eight hydrogen 

atoms (36). The primary terpene suppression unit 

is Farnesyl Diphosphate (FPP), which is 

synthesized from the head-to-tail condensation of 

an isoprene unit to a geranyl diphosphate group 

(37). Sesquiterpenes are one of the most diverse 

groups of secondary metabolites produced mainly 

in higher plants and invertebrates, and fungi (37, 

38). These compounds are represented by acyclic, 

single, two, three, and four-ring systems (Figure 

1) (37). Although sesquiterpenes can be found in 

human food, they are primarily used in dietary 

supplements and traditional medicines. 

Additionally, due to the fascinating biological 

actions of some sesquiterpenes and their 

derivatives, sesquiterpenes can develop into a rich 

source of candidate molecules for drug 

development (39). As a result of recent research in 

the field of producing new drugs derived from 

natural substances, sesquiterpenes have shown 

anti-inflammatory, antibacterial, anti-parasitic, 

anti-tumor, anti-malarial, and anti-cancer effects 

(37, 39, 40). Sesquiterpenes and their derivatives 

have been studied for their high potential to fight 

cancer, including breast cancer. The main 

methods used to achieve this include modifying 

nuclear factor kappa (NF-kB), inhibiting lipid 

peroxidation, and delaying the production of 

reactive oxygen and nitrogen species 

(ROS&RNS) (41-45). 

Figure 1. The general structure of sesquiterpene. 

Type of sesquiterpene lactone 

Sesquiterpene lactones, which differ from other 

sesquiterpenoids in the presence of a lactone ring 

in their structure. More than 100 families of 

flowering plants include a wide variety of natural 

compounds known as sesquiterpene lactones, the 

majority of which are sourced from the 

Compositae (Asteraceae) family and are mainly 

extracted from the leaves or blooming heads of 

the plant (46). Based on the lactone rings, it is 

possible to divide these molecules into two 

groups: 6, 12- (e.g., parthenolide, costenolide, 

artabsin, santonin, matricin, etc.) and 8, 12-olides 

(e.g., inonolide, helenaline, inonolide, 

thapsigargin, and alantolactone) (47). 

Sesquiterpene lactones are colorless lipophilic, 

and in addition to being chemically and 

chemotaxonomically interesting, many have anti-

tumor, anti-leukemia, cytotoxic and antimicrobial 

properties. The presence of valuable medicinal 

structures in this group of compounds, such as 

artemisinin, costunolide, parthenolide, britannin, 

and nardosinen, has attracted the attention of 

many researchers in the field of inflammatory 

diseases and types of cancer. One of the structural 

features of all these compounds is the inclusion of 

unsaturated gamma lactones (α-methylene-Υ-

lactones). The unsaturated, carbonyl system that 

underlies their high chemical reactivity allows for 



Potential Anti-Cancer Effect of Sesquiterpene Lactones                                                                       Ebrahimi S.M. et al.  

 

50| Jorjani Biomedicine Journal. 2022; 10(4): P 47-59. 

the production of covalent adducts with 

nucleophilic residues on a variety of biological 

molecules (29, 48). The six main groups of 

sesquiterpene lactones are Germacranolid: with a 

10-sided ring connected to a 5-sided lactone ring, 

Eudesmanolice, and Eremophilanolide: with two 

6-sided rings connected and a 5-sided lactone 

ring, Pseudoguaianolide, and Guaianolide with a 

5-sided ring attached to a 7-sided ring. Connected 

to a 5-sided lactone ring and Xartarodide or a 7-

sided ring attached to a 5-sided lactone ring 

(Figure 2), some types of sesquiterpene lactones 

also have unusual structures like artemisinin and 

are not classified in a specific category (29, 47-

50).

 

 

Figure 2. Chemical structures of main groups of sesquiterpene lactones. 

Table 1. The main types of sesquiterpenes. 

Types of sesquiterpene lactones Number and type of rings 

Germacranolid One 10-sided ring connected to a 5-sided lactone ring. 

Eudesmanolice Two 6-sided rings connected to each other and a 5-sided lactone ring. 

Eremophilanolide Two 6-sided rings connected to each other and a 5-sided lactone ring. 

Pseudoguaianolide One 5-sided ring connected to a 7-sided ring. 

Guaianolide One 5-sided ring connected to a 7-sided ring. 

Xartarodide One 7-sided ring connected to a 5-sided lactone ring. 

Sesquiterpene lactone in breast cancer 

Sesquiterpene lactones have been shown to 

suppress breast cancer cell growth and trigger 

apoptosis in a variety of cancer forms (29). The 

molecular mechanisms of these substances' 

actions and their anticancer characteristics have 

been extensively investigated on several cell lines 

in recent years. A study was conducted on cacalol, 

a sesquiterpene lactone isolated from Cacalia 

delphiniifolia. It was found that this compound 

inhibits growth and induces apoptosis in MDA-

MB231 and MCF-7 cell lines. This investigation 

assessed cell survival and apoptotic rates in the 

previously described cancer cell lines using 

various cacalol doses. The findings of this study 

demonstrated that cacalol has an anti-tumor effect 

via inhibiting the FAS expression pathway and 

modifying the Akt-SREBP pathway in cancer 

cells since it dramatically slows the development 

of cancer cells while being less hazardous for 

healthy HBL100 and MCF10A cells (51). The 

sesquiterpene lactone molecule Gaillardin, 

isolated from the chloroform extract of the aerial 

portions of the Inula oculus-Christi plant, has 

been demonstrated in studies to suppress the 

growth of the MCF-7 and MDA-MB-468 breast 

cancer cell lines via inducing the mitochondrial 

pathway. Western blot analysis revealed that the 
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sesquiterpene lactone compound Gaillardin 

induces apoptosis through mitochondria through 

the loss of mitochondrial membrane potential as a 

result of the overexpression of p53 and the 

increase in the ratio of Bax/Bcl2, which suggests 

that the combination may be a suitable candidate 

for the treatment of breast cancer (52). The effect 

of this compound on the survival of cancer cells 

was investigated using the MTT test, and the 

results showed that a 40 micromolar dose of the 

Costunolide compound led to the arrest of the cell 

cycle in the G2/M phase. Apoptosis induction by 

increasing the expression of caspase 3 and 9 in 

vitro and MDA-MB231 and MCF-7 cancer cell 

lines was reported in this study (53). Britannin, a 

sesquiterpene molecule discovered in the plant 

Inula aucheriana, was tested on the cell lines 

MCF-7 and MDA-MB-468 and shown to trigger 

apoptosis. The outcomes of this investigation 

demonstrated that britannin is less hazardous in 

regular human fibroblast cell lines AGO1522 

(35). The MDA-MB-468 cell line was used in a 

study by Bo Yang et al. to examine the effects of 

the sesquiterpene lactone Eupalinolide O 

compound, which was derived from the 

Eupatorium lindleyanum DC plant. The 

sesquiterpene molecule Eupalinolide O was 

demonstrated in this study to kill cells in various 

cell lines in a concentration- and time-dependent 

manner. Combining these two factors causes the 

cell cycle to stop in the G2/M phase and the 

expression of proteins involved in the cell cycle 

(cyclin B1 and cdc2) to decrease in the MDA-

MB-468 cell line. By boosting the expression of 

caspases 3, 8, and 9, this substance also causes 

apoptosis (54). Another sesquiterpene lactone is 

Alantolactone, which is isolated from the plant 

Inula helenium L. Investigation of the anti-tumor 

effect of Alantolactone showed that this 

compound induces apoptosis in MCF-7 cell line 

without adverse effects in normal cell lines. It was 

also found that treatment of cells with 

Alantolactone significantly decreases the 

expression of Bcl2 and increases the expression of 

Bax and p53 compared to control cells. 

Alantolactone also reduced the expression of 

caspase 3 and 12 precursors and significantly 

increased the expression of caspase three and 

caspase 12 (55). Deoxyelephantopin (DET) and 

Isodeoxyelephantopin (IDET) are two compounds 

isolated from Elephantopus scaber plant. These 

sesquiterpene lactone compounds can cause cell 

cycle arrest in G1 and G2/M phases in the MDA-

MB-231 cell line. Also, two compounds can 

increase the expression of cleaved caspase seven 

and caspase nine and decrease the expression of 

anti-apoptotic proteins Bcl-xL and Bcl2 (56). 

Drug-resistant breast cancer cells respond to the 

ambrosin compound's anticancer properties 

(MDA-MB231). Data analysis revealed that this 

sesquiterpene lactone dramatically causes 

apoptosis in MDA-MB231 cell lines while having 

minimal impact on MCF-12A, which are normal 

breast cells. According to the results of the 

Western blot, the increase in the ratio of Bax/Bcl2 

(57). 

Parthenolide is another sesquiterpene lactone 

compound that induces apoptosis in the MDA-

MB-231 cell line by inducing Bid 

phosphorylation, TRAIL-dependent Bid cleavage 

without affecting caspase eight activity and 

increasing caspase three activity (58). 

The chemical action of parthenolide was 

examined in an experiment by Sweerey C using 

MDA-MB-231 xenograft-derived cells as a breast 

cancer metastasis model and in vitro. The in vitro 

anticancer activity and chemosensitivity of 

parthenolide was assessed using MDA-MB-231 

cells. In vitro, colony formation was effectively 

reduced, apoptosis was induced, and the 

expression of prometastatic genes IL-8 and anti-

apoptotic gene GADD45beta1 was decreased by 

parthenolide alone or in combination with 

docetaxel. Animals treated with parthenolide and 

docetaxel together in an adjuvant setting showed 

significantly higher survival rates than untreated 

animals or animals treated with either drug alone 

(59). 

Another substance that was initially isolated from 

the seeds of Centratherum anthelminticum is 

vernodalin. Vernodalin reduced the development 

of human breast cancer cells MCF-7 and MDA-

MB-231 by causing cell cycle arrest and 
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apoptosis. Cytochrome c was released from both 

human breast cancer cells as a result of reduced 

Mitochondrial Membrane Potential (MMP), 

increased Reactive Oxygen Species (ROS) 

generation, and decreased anti-apoptotic 

molecules (Bcl-2, Bcl-xL). Caspase cascade 

activation, PARP cleavage, DNA damage, and 

ultimately cell death was brought on by the 

release of cytochrome c from the mitochondria to 

the cytosol (60). 

In the study done by Nakagawa-Goto et al. on the 

cytotoxic effects of the sesquiterpene lactone 

isolated from the Elephantopus scaber plant 

(belonging to the Kasti family), called 

deoxyelephantopin and its semi-synthetic 

derivatives, on MCF-7 and MDA-MB 231 cell 

lines, it was determined it was found that these 

compounds reduced metastatic breast tumors in 

mice and, together with paclitaxel, have 

synergism against Triple-negative breast cancer 

(61). 

Inula britannica, a medicinal plant, yields 

eupatolide, a sesquiterpene lactone that was 

shown to sensitize human breast cancer cells to 

TRAIL-induced apoptosis in 2010. Treating 

breast cancer cells MCF-7, MDA-MB-231, and 

MDA-MB-453 with TRAIL plus subtoxic 

quantities of eupatolide increased the cytotoxicity 

that TRAIL induced, whereas each drug alone 

only moderately caused cell death. The expression 

of cellular FLICE inhibitory protein (c-FLIP) in 

MCF-7 cells was reduced by induced eupatolide 

exposure alone. Eupatolide was shown to suppress 

AKT phosphorylation in a dose- and time-

dependent manner (62). 

Two naturally occurring sesquiterpene lactones, 

hydroxyisocostic acid and 5-hydroxycostic acid 

were found in the herb Laggera alata. They have 

anti-inflammatory properties that prevent 

Vascular Endothelial Growth Factor (VEGF)-

induced proliferation in HUVECs (human 

umbilical vein endothelial cells) and suppress the 

development of blood vessels in zebrafish 

embryos. Additionally, they prevent the migration 

of HUVECs, the development of stress fibers, and 

the creation of tubes when VEGF is activated. 

Protein immunoblot examination demonstrated 

that these two substances activated downstream 

molecules (p38, FAK, Src/AKT/eNOS, and 

PLC/ERK1/2) and decreased VEGF-induced 

VEGFR2 phosphorylation. Additionally, it 

reduces the migration of MCF-7 cells brought on 

by angiopoietin-2 (63). 

In vitro research was done on the anti-migratory, 

anti-invasive, and underlying processes of ivalin, 

an odesman-type sesquiterpene compound from 

the Chinese herb Carpesium divaricatum, in breast 

cancer cells. Wound healing and transwell 

techniques were used to gauge Ivalin's anti-

migratory and anti-invasive properties. Ivalin 

treatment, in this regard, reduced N-cadherin, 

vimentin, and ZEB1 mRNA and protein 

expression in several breast cancer cells. Ivalin 

reduced the epithelial-to-mesenchymal transition 

process by increasing E-cadherin expression in 

the same cells, according to this study (EMT). 

The outcomes demonstrated that, in laboratory 

settings, Evalin effectively suppresses breast 

cancer cell migration, invasion, and cell 

proliferation in a dose-dependent manner (64). 

Centipeda minima is the source of the natural 

sesquiterpene lactone known as arenicolide D. 

Arenicolide D dramatically lowers cell viability in 

the MDA-MB-231 cell line causing G2/M cell 

cycle arrest and apoptosis, according to laboratory 

tests on the substance. The Akt/mTOR and 

STAT3 signaling pathways were also suppressed 

by arenicolide D (65). 

Brevilin A (Brv-A), a sesquiterpene lactone 

molecule from Centipeda minimum, has been 

shown in another research to have 

antiproliferative properties in breast cancer. In 

MCF-7 cells, Brv-A causes apoptosis and 

facilitates mitotic arrest in the G2/M phase of the 

cell cycle. This compound showed a dose-

dependent antiproliferative effect by targeting 

NOX2 and NOX3, mitochondrial dysfunction 

(loss of MMP and modification of Bcl-2 family 

proteins), activation of MAPK, JNK, and p38, and 

induction of apoptosis. In addition, this compound 

enhanced the expression of Bip/GRP78, ATF4, 

and CHOP proteins and prevented STAT3 
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activation by reducing JAK2 and SRC 

phosphorylation (66). 

Vernolactone, a novel sesquiterpene lactone 

isolated from the plant Vernonia zeylanica (L), 

was shown to have considerable cytotoxic effects 

on the breast cancer cells SKBR-3 and MDA-MB-

231 but very modest effects on MCF-7 and 

normal mammary epithelium MCF-10A. 

Morphological alterations validated the pro-

apoptotic results of the substance, DNA 

fragmentation, enhanced caspase 3/7 activities, 

up-regulation of p53, Bax, and down-regulation of 

Survivin (67). 

Atractylenolide II (ATR II) is a sesquiterpene 

lactone that has recently been identified to 

suppress the development of breast cancer cells by 

inducing apoptosis, mainly by stopping the G2/M 

phase of the cell cycle. Additionally, the 

cytotoxicity of ATTR II on breast cancer was 

linked to the control of androgen receptors and 

potential anti-inflammatory effects via blocking 

NF-B signaling pathways (68). 

A substance derived from Artemisia annua is 

called artemisinin. Since the turn of the century, 

semi-synthetic derivatives like Artesunate (ART), 

artemether, and their active metabolite 

Dihydroartemisinin (DHA) have been the first-

line combination therapies for malaria (69). 

Additionally, substantial anticancer effects of 

ART and DHA were demonstrated in vivo and in 

vitro in breast cancer cell lines (70). An 

evaluation of the safety and tolerability of oral 

ART as an additional form of treatment for four 

years was done in the first phase through a clinical 

study. Twenty-three patients with advanced breast 

cancer received 100, 150, or 200 mg of oral ART 

once weekly in addition to conventional oncology 

care. According to this study, the highest tested 

daily dose of 200 mg/day (2.2 to 3.9 mg/kg/day) 

was safe and well-tolerated. It was advised to 

utilize 200 mg/day (2.2-3.9 mg/kg/d) for phase 

II/III studies with regular monitoring of 

reticulocytes, NTproBNP, and neurological and 

audiological exams because safety and tolerability 

were not demonstrated in this investigation (71).

Table 2. Anti-breast cancer effect of different sesquiterpene lactones 

Composition Anti-breast cancer effect 

Cacalol Inhibiting the FAS expression pathway and modifying the Akt-SREBP pathway in cancer 

cells. 

Gaillardin Apoptosis induction by overexpression of p53 and the increase in the ratio of Bax/Bcl2. 

Costunolide Apoptosis induction by increasing the expression of caspase 3 and 9. 

Britannin Apoptosis induction by increasing the expression of caspase 3. 

Eupalinolide O Reducing the expression of proteins involved in the cell cycle (cyclin B1 and cdc2) and 

inducing apoptosis through increasing the expression of caspases 3, 8, and 9. 

Alantolactone Apoptosis induction by decreases the expression of Bcl2 and increases the expression of 

Bax,p53, and caspase 3 and 12. 

Isodeoxyelephantopin, 

Deoxyelephantopin 

Apoptosis induction by decreases the expression of Bcl2, and Bcl-xL and increases the 

expression of caspase 7 and 9. 

Ambrosin Apoptosis induction by the increase in the ratio of Bax/Bcl2. 

Parthenolide Apoptosis induction by inducing Bid phosphorylation, TRAIL-dependent Bid cleavage, and 

increasing caspase 3 activity. 

Vernodalin Reduced mitochondrial membrane potential (MMP), increased reactive oxygen species (ROS) 

generation and decreased anti-apoptotic molecules Bcl-2, Bcl-Xl. 

Eupatolide Decreased expression of cellular FLICE inhibitory protein (c-FLIP) and dose- and time-

dependent suppression of AKT phosphorylation. 

hydroxyisocostic acid, 

5-hydroxycostic acid 

Inhibition of HUVECs migration upon activation of VEGF and activation of downstream 

molecules (p38, FAK, Src/AKT/eNOS, and PLC/ERK1/2), reduction of VEGFR2 

phosphorylation. 

Ivalin Decreased expression of N-cadherin, vimentin, and ZEB1 and increased expression of E-

cadherin. 
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Arenicolide D Increased induction of apoptosis and suppression of Akt/mTOR and STAT3 signaling 

pathways. 

Brevilin A Induction of apoptosis by targeting NOX2 and NOX3, mitochondrial dysfunction (loss of 

MMP and modification of Bcl-2 family proteins), activation of MAPK, JNK, and p38, 

increased expression of Bip/GRP78, ATF4, and CHOP proteins and decreased JAK2 

phosphorylation. and SRC and prevent STAT3 activation. 

Vernolactone Increased activities of caspase 3/7, up-regulation of p53, Bax, and down-regulation of 

Survivin. 

Atractylenolide II Controlling androgen receptors and blocking related NF-B signaling pathways. 

 

Conclusion 

Different types of sesquiterpene lactones have 

been discovered, and these compounds have 

anticancer effects on breast cancer cell lines and 

animal models. These substances' reactions to 

breast cancer cell lines are influenced differently 

by their various structural differences. 

Sesquiterpenes are promising compounds to treat 

breast cancer and reduce side effects and are 

considered attractive for producing anti-breast 

cancer drugs. The change of expression of the 

anti-apoptotic proteins Bcl-xL and Bcl2, as well 

as the upregulation of p53, Bax proteins, and 

other caspases, including executive caspases, are 

potential ways by which different sesquiterpene 

substances may effect on breast cancer cells. 

These actions result in a decrease in cell cycle-

related factors, an increase in apoptosis-related 

factors, and a reduction in metastasis and cell 

invasion-related factors. For the creation of novel 

active terpenoids that may be helpful in the 

treatment of cancer, the lactone core of 

sesquiterpenes is essential and which one is the 

best for breast cancer depends on the 

characteristics of this core. Sesquiterpene lactones 

have disadvantages despite their advantages: their 

isolation is restricted to natural product sources, 

and they have high bioavailability due to 

extensive plasma protein contacts. Also, have off-

target and sensitizing characteristics. Due to the 

properties of this compound, the creation of 

biological sesquiterpenes requires a strong 

collaboration between biochemists, chemists, 

pharmacologists, cancer researchers, and doctors. 

Acknowledgments 

This paper is extracted from a project by grant 

number 112165 which was supported by Golestan 

University of medical sciences 

References 

1. DeSantis CE, Ma J, Goding Sauer A, Newman 

LA, Jemal A. Breast cancer statistics, 2017, racial 

disparity in mortality by state. CA Cancer J Clin. 

2017;67(6):439-48. [view at publisher] [DOI] 

[PMID] [Google Scholar] 

2. WHO. 2020 [Available from: 

https://www.who.int/news-room/fact-

sheets/detail/breast-cancer. 

3. Nafissi N, Khayamzadeh M, Zeinali Z, Pazooki 

D, Hosseini M, Akbari ME. Epidemiology and 

Histopathology of Breast Cancer in Iran versus 

Other Middle Eastern Countries. Middle East 

Journal of Cancer. 2018;9(3):243-51. [view at 

publisher] [Google Scholar] 

4. Shah R, Rosso K, Nathanson SD. Pathogenesis, 

prevention, diagnosis and treatment of breast 

cancer. World J Clin Oncol. 2014;5(3):283-98. 

[DOI] [PMID] [PMCID] 

5. Grabinski VF, Brawley OW. Disparities in 

Breast Cancer. Obstet Gynecol Clin North Am. 

2022;49(1):149-65. [DOI] [PMID] [Google 

Scholar] 

6. Jafari SM, Panjehpour M, Aghaei M, 

Joshaghani HR, Enderami SE. A3 Adenosine 

Receptor Agonist Inhibited Survival of Breast 

Cancer Stem Cells via GLI-1 and ERK1/2 

Pathway. J Cell Biochem. 2017;118(9):2909-20. 

[DOI] [PMID] [Google Scholar] 

https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21412
https://doi.org/10.3322/caac.21412
https://www.ncbi.nlm.nih.gov/pubmed/28972651
https://scholar.google.com/scholar?q=DeSantis+CE,+Ma+J,+Goding+Sauer+A,+Newman+LA,+Jemal+A.+Breast+cancer+statistics,+2017,+racial+disparity+in+mortality+by+state.+CA+Cancer+J+Clin.+2017%3B67(6):439-48.&hl=en&as_sdt=0,5
https://eprints.iums.ac.ir/6408/
https://eprints.iums.ac.ir/6408/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nafissi+N%2C+Khayamzadeh+M%2C+Zeinali+Z%2C+Pazooki+D%2C+Hosseini+M%2C+Akbari+ME.+Epidemiology+and+Histopathology+of+Breast+Cancer+in+Iran+versus+Other+Middle+Eastern+Countries.+Middle+East+Journal+of
https://doi.org/10.5306/wjco.v5.i3.283
https://www.ncbi.nlm.nih.gov/pubmed/25114845
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127601
https://doi.org/10.1016/j.ogc.2021.11.010
https://www.ncbi.nlm.nih.gov/pubmed/35168767
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grabinski+VF%2C+Brawley+OW.+Disparities+in+Breast+Cancer.+Obstet+Gynecol+Clin+North+Am.+2022%3B49%281%29%3A149-65.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grabinski+VF%2C+Brawley+OW.+Disparities+in+Breast+Cancer.+Obstet+Gynecol+Clin+North+Am.+2022%3B49%281%29%3A149-65.&btnG=
https://doi.org/10.1002/jcb.25945
https://www.ncbi.nlm.nih.gov/pubmed/28230290
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jafari+SM%2C+Panjehpour+M%2C+Aghaei+M%2C+Joshaghani+HR%2C+Enderami+SE.+A3+Adenosine+Receptor+Agonist+Inhibited+Survival+of+Breast+Cancer+Stem+Cells+via+GLI-1+and+ERK1%2F2+Pathway.+J+Cell+Biochem.+201


Potential Anti-Cancer Effect of Sesquiterpene Lactones                                                                       Ebrahimi S.M. et al.  

 

55| Jorjani Biomedicine Journal. 2022; 10(4): P 47-59. 

7. Holland K, Sechopoulos I, Mann RM, den 

Heeten GJ, van Gils CH, Karssemeijer N. 

Influence of breast compression pressure on the 

performance of population-based mammography 

screening. Breast Cancer Res. 2017;19(1):126. 

[view at publisher] [DOI] [PMID] [PMCID] 

[ISIGoogle Scholar] 

8. Katsura C, Ogunmwonyi I, Kankam HK, Saha 

S. Breast cancer: presentation, investigation and 

management. Br J Hosp Med (Lond). 

2022;83(2):1-7. [view at publisher] [DOI] [PMID] 

[Google Scholar] 

9. Holmberg L, Anderson H. HABITS (hormonal 

replacement therapy after breast cancer-is it 

safe?), a randomised comparison: trial stopped. 

Lancet. 2004;363(9407):453-5. [DOI] [Google 

Scholar] 

10. Dolmans DE, Fukumura D, Jain RK. 

Photodynamic therapy for cancer. Nat Rev 

Cancer. 2003;3(5):380-7. [view at publisher] 

[DOI] [PMID] [Google Scholar] 

11. Kleinman HK, Liau G. Gene therapy for 

antiangiogenesis. J Natl Cancer Inst. 

2001;93(13):965-7. [DOI] [PMID] 

12. Rozenberg S, Di Pietrantonio V, Vandromme 

J, Gilles C. Menopausal hormone therapy and 

breast cancer risk. Best Pract Res Clin Endocrinol 

Metab. 2021;35(6):101577. [view at publisher] 

[DOI] [PMID] [Google Scholar] 

13. Cragg GM, Newman DJ, Snader KM. Natural 

products in drug discovery and development. J 

Nat Prod. 1997;60(1):52-60. [DOI] [PMID] 

[Google Scholar] 

14. Hosseinzadeh M, Eivazi Ziaei J, Mahdavi N, 

Aghajari P, Vahidi M, Fateh A, et al. Risk factors 

for breast cancer in Iranian women: a hospital-

based case-control study in tabriz, iran. J Breast 

Cancer. 2014;17(3):236-43. [DOI] [PMID] 

[PMCID] [Google Scholar] 

15. Nabatchian F, Moradi A, Aghaei M, 

Ghanadian M, Jafari SM, Tabesh S. New 6(17)-

epoxylathyrane diterpene: aellinane from 

Euphorbia aellenii induces apoptosis via 

mitochondrial pathway in ovarian cancer cell line. 

Toxicol Mech Methods. 2017;27(8):622-30. 

[DOI] [PMID] [Google Scholar] 

16. Arora RD, Menezes RG. Vinca Alkaloid 

Toxicity. StatPearls. Treasure Island (FL): 

StatPearls Publishing Copyright © 2022, 

StatPearls Publishing LLC.; 2022. 

17. Zhu L, Chen L. Progress in research on 

paclitaxel and tumor immunotherapy. Cell Mol 

Biol Lett. 2019;24:40. [view at publisher] [DOI] 

[PMID] [PMCID] [Google Scholar] 

18. Imran M, Rauf A, Khan IA, Shahbaz M, 

Qaisrani TB, Fatmawati S, et al. Thymoquinone: 

A novel strategy to combat cancer: A review. 

Biomed Pharmacother. 2018;106:390-402. [view 

at publisher] [DOI] [PMID] [Google Scholar] 

19. Gupta SC, Kannappan R, Reuter S, Kim JH, 

Aggarwal BB. Chemosensitization of tumors by 

resveratrol. Ann N Y Acad Sci. 2011;1215:150-

60. [view at publisher] [DOI] [PMID] [PMCID] 

[Google Scholar] 

20. Khaiwa N, Maarouf NR, Darwish MH, 

Alhamad DWM, Sebastian A, Hamad M, et al. 

Camptothecin's journey from discovery to WHO 

Essential Medicine: Fifty years of promise. Eur J 

Med Chem. 2021;223:113639. [view at publisher] 

[DOI] [PMID] [Google Scholar] 

21. Pinto N, Prokopec SD, Ghasemi F, Meens J, 

Ruicci KM, Khan IM, et al. Flavopiridol causes 

cell cycle inhibition and demonstrates anti-cancer 

activity in anaplastic thyroid cancer models. PLoS 

One. 2020;15(9):e0239315. [view at publisher] 

[DOI] [PMID] [PMCID] [Google Scholar] 

22. Gan RY, Li HB, Sui ZQ, Corke H. 

Absorption, metabolism, anti-cancer effect and 

molecular targets of epigallocatechin gallate 

(EGCG): An updated review. Crit Rev Food Sci 

Nutr. 2018;58(6):924-41. [DOI] [PMID] [Google 

Scholar] 

23. Gach K, Długosz A, Janecka A. The role of 

oxidative stress in anticancer activity of 

sesquiterpene lactones. Naunyn-Schmiedeberg's 

Archives of Pharmacology. 2015;388(5):477-86. 

[view at publisher] [DOI] [PMID] [Google 

Scholar] 

https://link.springer.com/article/10.1186/s13058-017-0917-3;
https://doi.org/10.1186/s13058-017-0917-3
https://www.ncbi.nlm.nih.gov/pubmed/29183348
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5706300
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Holland+K%2C+Sechopoulos+I%2C+Mann+RM%2C+den+Heeten+GJ%2C+van+Gils+CH%2C+Karssemeijer+N.+Influence+of+breast+compression+pressure+on+the+performance+of+population-based+mammography+screening.+Breast+
https://www.sciencedirect.com/science/article/pii/S0140673604154937
https://doi.org/10.12968/hmed.2021.0459
https://www.ncbi.nlm.nih.gov/pubmed/35243878
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Katsura+C%2C+Ogunmwonyi+I%2C+Kankam+HK%2C+Saha+S.+Breast+cancer%3A+presentation%2C+investigation+and+management.+Br+J+Hosp+Med+%28Lond%29.+2022%3B83%282%29%3A1-7.&btnG=
https://doi.org/10.1016/S0140-6736(04)15493-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Holmberg+L%2C+Anderson+H.+HABITS+%28hormonal+replacement+therapy+after+breast+cancer--is+it+safe%3F%29%2C+a+randomised+comparison%3A+trial+stopped.+Lancet.+2004%3B363%289407%29%3A453-5.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Holmberg+L%2C+Anderson+H.+HABITS+%28hormonal+replacement+therapy+after+breast+cancer--is+it+safe%3F%29%2C+a+randomised+comparison%3A+trial+stopped.+Lancet.+2004%3B363%289407%29%3A453-5.&btnG=
https://www.nature.com/articles/nrc1071
https://doi.org/10.1038/nrc1071
https://www.ncbi.nlm.nih.gov/pubmed/12724736
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dolmans+DE%2C+Fukumura+D%2C+Jain+RK.+Photodynamic+therapy+for+cancer.+Nat+Rev+Cancer.+2003%3B3%285%29%3A380-7.&btnG=
https://doi.org/10.1093/jnci/93.13.965
https://www.ncbi.nlm.nih.gov/pubmed/11438554
https://www.sciencedirect.com/science/article/abs/pii/S1521690X21000944
https://doi.org/10.1016/j.beem.2021.101577
https://www.ncbi.nlm.nih.gov/pubmed/34535397
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rozenberg+S%2C+Di+Pietrantonio+V%2C+Vandromme+J%2C+Gilles+C.+Menopausal+hormone+therapy+and+breast+cancer+risk.+Best+Pract+Res+Clin+Endocrinol+Metab.+2021%3B35%286%29%3A101577.&btnG=
https://doi.org/10.1021/np9604893
https://www.ncbi.nlm.nih.gov/pubmed/9014353
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cragg+GM%2C+Newman+DJ%2C+Snader+KM.+Natural+products+in+drug+discovery+and+development.+J+Nat+Prod.+1997%3B60%281%29%3A52-60.&btnG=
https://doi.org/10.4048/jbc.2014.17.3.236
https://www.ncbi.nlm.nih.gov/pubmed/25320621
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4197353
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hosseinzadeh+M%2C+Eivazi+Ziaei+J%2C+Mahdavi+N%2C+Aghajari+P%2C+Vahidi+M%2C+Fateh+A%2C+et+al.+Risk+factors+for+breast+cancer+in+Iranian+women%3A+a+hospital-based+case-control+study+in+tabriz%2C+iran.+
https://doi.org/10.1080/15376516.2017.1347735
https://www.ncbi.nlm.nih.gov/pubmed/28651465
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nabatchian+F%2C+Moradi+A%2C+Aghaei+M%2C+Ghanadian+M%2C+Jafari+SM%2C+Tabesh+S.+New+6%2817%29-epoxylathyrane+diterpene%3A+aellinane+from+Euphorbia+aellenii+induces+apoptosis+via+mitochondrial+pathway+i
https://link.springer.com/article/10.1186/s11658-019-0164-y
https://doi.org/10.1186/s11658-019-0164-y
https://www.ncbi.nlm.nih.gov/pubmed/31223315
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6567594
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhu+L%2C+Chen+L.+Progress+in+research+on+paclitaxel+and+tumor+immunotherapy.+Cell+Mol+Biol+Lett.+2019%3B24%3A40.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0753332218327549
https://www.sciencedirect.com/science/article/abs/pii/S0753332218327549
https://doi.org/10.1016/j.biopha.2018.06.159
https://www.ncbi.nlm.nih.gov/pubmed/29966985
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Imran+M%2C+Rauf+A%2C+Khan+IA%2C+Shahbaz+M%2C+Qaisrani+TB%2C+Fatmawati+S%2C+et+al.+Thymoquinone%3A+A+novel+strategy+to+combat+cancer%3A+A+review.+Biomed+Pharmacother.+2018%3B106%3A390-402.&btnG=
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2010.05852.x
https://doi.org/10.1111/j.1749-6632.2010.05852.x
https://www.ncbi.nlm.nih.gov/pubmed/21261654
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3060406
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gupta+SC%2C+Kannappan+R%2C+Reuter+S%2C+Kim+JH%2C+Aggarwal+BB.+Chemosensitization+of+tumors+by+resveratrol.+Ann+N+Y+Acad+Sci.+2011%3B1215%3A150-60.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523421004888
https://doi.org/10.1016/j.ejmech.2021.113639
https://www.ncbi.nlm.nih.gov/pubmed/34175539
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Khaiwa+N%2C+Maarouf+NR%2C+Darwish+MH%2C+Alhamad+DWM%2C+Sebastian+A%2C+Hamad+M%2C+et+al.+Camptothecin%27s+journey+from+discovery+to+WHO+Essential+Medicine%3A+Fifty+years+of+promise.+Eur+J+Med+Chem.+20
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239315
https://doi.org/10.1371/journal.pone.0239315
https://www.ncbi.nlm.nih.gov/pubmed/32970704
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7514001
https://scholar.google.com/scholar?q=Pinto+N,+Prokopec+SD,+Ghasemi+F,+Meens+J,+Ruicci+KM,+Khan+IM,+et+al.+Flavopiridol+causes+cell+cycle+inhibition+and+demonstrates+anti-cancer+activity+in+anaplastic+thyroid+cancer+models.+PLoS+One.+2020%3B15(9):e0239315.
https://doi.org/10.1080/10408398.2016.1231168
https://www.ncbi.nlm.nih.gov/pubmed/27645804
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gan+RY%2C+Li+HB%2C+Sui+ZQ%2C+Corke+H.+Absorption%2C+metabolism%2C+anti-cancer+effect+and+molecular+targets+of+epigallocatechin+gallate+%28EGCG%29%3A+An+updated+review.+Crit+Rev+Food+Sci+Nutr.+2018%3B
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gan+RY%2C+Li+HB%2C+Sui+ZQ%2C+Corke+H.+Absorption%2C+metabolism%2C+anti-cancer+effect+and+molecular+targets+of+epigallocatechin+gallate+%28EGCG%29%3A+An+updated+review.+Crit+Rev+Food+Sci+Nutr.+2018%3B
https://link.springer.com/article/10.1007/s00210-015-1096-3
https://doi.org/10.1007/s00210-015-1096-3
https://www.ncbi.nlm.nih.gov/pubmed/25656627
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gach+K%2C+D%C5%82ugosz+A%2C+Janecka+A.+The+role+of+oxidative+stress+in+anticancer+activity+of+sesquiterpene+lactones.+Naunyn-Schmiedeberg%27s+Archives+of+Pharmacology.+2015%3B388%285%29%3A477-86.&btn
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gach+K%2C+D%C5%82ugosz+A%2C+Janecka+A.+The+role+of+oxidative+stress+in+anticancer+activity+of+sesquiterpene+lactones.+Naunyn-Schmiedeberg%27s+Archives+of+Pharmacology.+2015%3B388%285%29%3A477-86.&btn


Potential Anti-Cancer Effect of Sesquiterpene Lactones                                                                       Ebrahimi S.M. et al.  

 

56| Jorjani Biomedicine Journal. 2022; 10(4): P 47-59. 

24. Zhang S, Won YK, Ong CN, Shen HM. Anti-

cancer potential of sesquiterpene lactones: 

bioactivity and molecular mechanisms. Curr Med 

Chem Anticancer Agents. 2005;5(3):239-49. 

[view at publisher] [DOI] [PMID] [Google 

Scholar] 

25. Taleghani A, Emami SA, Tayarani-Najaran Z. 

Artemisia: a promising plant for the treatment of 

cancer. Bioorg Med Chem. 2020;28(1):115180. 

[view at publisher] [DOI] [PMID] [Google 

Scholar] 

26. Tayarani-Najaran Z, Makki FS, Alamolhodaei 

NS, Mojarrab M, Emami SA. Cytotoxic and 

apoptotic effects of different extracts of Artemisia 

biennis Willd. on K562 and HL-60 cell lines. Iran 

J Basic Med Sci. 2017;20(2):166-71. [Google 

Scholar] 

27. Ramazani E, Tayarani-Najaran Z, 

Shokoohinia Y, Mojarrab M. Comparison of the 

cytotoxic effects of different fractions of 

Artemisia ciniformis and Artemisia biennis on 

B16/F10, PC3 and MCF7 Cells. Res Pharm Sci. 

2020;15(3):273-80. [DOI] [PMID] [PMCID] 

[Google Scholar] 

28. Zamani S, Emami SA, Iranshahi M, Zamani 

Taghizadeh Rabe S, Mahmoudi M. Sesquiterpene 

fractions of Artemisia plants as potent inhibitors 

of inducible nitric oxide synthase and 

cyclooxygenase-2 expression. Iran J Basic Med 

Sci. 2019;22(7):774-80. [Google Scholar] 

29. Chadwick M, Trewin H, Gawthrop F, 

Wagstaff C. Sesquiterpenoids lactones: benefits to 

plants and people. Int J Mol Sci. 

2013;14(6):12780-805. [view at publisher] [DOI] 

[PMID] [PMCID] [Google Scholar] 

30. Shahali A, Ghanadian M, Jafari SM, Aghaei 

M. Mitochondrial and caspase pathways are 

involved in the induction of apoptosis by 

nardosinen in MCF-7 breast cancer cell line. Res 

Pharm Sci. 2018;13(1):12-21. [DOI] [PMID] 

[PMCID] [Google Scholar] 

31. Guzman ML, Rossi RM, Karnischky L, Li X, 

Peterson DR, Howard DS, et al. The 

sesquiterpene lactone parthenolide induces 

apoptosis of human acute myelogenous leukemia 

stem and progenitor cells. Blood. 

2005;105(11):4163-9. [view at publisher] [DOI] 

[PMID] [PMCID] [Google Scholar] 

32. Keyvanloo Shahrestanaki M, Bagheri M, 

Ghanadian M, Aghaei M, Jafari SM. Centaurea 

cyanus extracted 13-O-acetylsolstitialin A 

decrease Bax/Bcl-2 ratio and expression of cyclin 

D1/Cdk-4 to induce apoptosis and cell cycle arrest 

in MCF-7 and MDA-MB-231 breast cancer cell 

lines. J Cell Biochem. 2019;120(10):18309-19. 

[DOI] [PMID] [Google Scholar] 

33. Kamesaki H. Mechanisms involved in 

chemotherapy-induced apoptosis and their 

implications in cancer chemotherapy. Int J 

Hematol. 1998;68(1):29-43. [DOI] [Google 

Scholar] 

34. Bold RJ, Termuhlen PM, McConkey DJ. 

Apoptosis, cancer and cancer therapy. Surg 

Oncol. 1997;6(3):133-42. [view at publisher] 

[DOI] [Google Scholar] 

35. Hamzeloo-Moghadam M, Aghaei M, 

Fallahian F, Jafari SM, Dolati M, 

Abdolmohammadi MH, et al. Britannin, a 

sesquiterpene lactone, inhibits proliferation and 

induces apoptosis through the mitochondrial 

signaling pathway in human breast cancer cells. 

Tumour Biol. 2015;36(2):1191-8. [view at 

publisher] [DOI] [PMID] [Google Scholar] 

36. Zulak KG, Bohlmann J. Terpenoid 

biosynthesis and specialized vascular cells of 

conifer defense. J Integr Plant Biol. 

2010;52(1):86-97. [DOI] [PMID] [Google 

Scholar] 

37. Modzelewska A, Sur S, Kumar SK, Khan SR. 

Sesquiterpenes: natural products that decrease 

cancer growth. Curr Med Chem Anticancer 

Agents. 2005;5(5):477-99. [view at publisher] 

[DOI] [PMID] [Google Scholar] 

38. Gong DY, Chen XY, Guo SX, Wang BC, Li 

B. Recent advances and new insights in 

biosynthesis of dendrobine and sesquiterpenes. 

Appl Microbiol Biotechnol. 2021;105(18):6597-

606. [view at publisher] [DOI] [PMID] [Google 

Scholar] 

https://www.ingentaconnect.com/content/ben/cmcaca/2005/00000005/00000003/art00004
https://doi.org/10.2174/1568011053765976
https://www.ncbi.nlm.nih.gov/pubmed/15992352
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+S%2C+Won+YK%2C+Ong+CN%2C+Shen+HM.+Anti-cancer+potential+of+sesquiterpene+lactones%3A+bioactivity+and+molecular+mechanisms.+Curr+Med+Chem+Anticancer+Agents.+2005%3B5%283%29%3A239-49.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+S%2C+Won+YK%2C+Ong+CN%2C+Shen+HM.+Anti-cancer+potential+of+sesquiterpene+lactones%3A+bioactivity+and+molecular+mechanisms.+Curr+Med+Chem+Anticancer+Agents.+2005%3B5%283%29%3A239-49.&btnG=
https://www.sciencedirect.com/science/article/pii/S0968089619308053
https://doi.org/10.1016/j.bmc.2019.115180
https://www.ncbi.nlm.nih.gov/pubmed/31784199
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Taleghani+A%2C+Emami+SA%2C+Tayarani-Najaran+Z.+Artemisia%3A+a+promising+plant+for+the+treatment+of+cancer.+Bioorg+Med+Chem.+2020%3B28%281%29%3A115180.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Taleghani+A%2C+Emami+SA%2C+Tayarani-Najaran+Z.+Artemisia%3A+a+promising+plant+for+the+treatment+of+cancer.+Bioorg+Med+Chem.+2020%3B28%281%29%3A115180.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tayarani-Najaran+Z%2C+Makki+FS%2C+Alamolhodaei+NS%2C+Mojarrab+M%2C+Emami+SA.+Cytotoxic+and+apoptotic+effects+of+different+extracts+of+Artemisia+biennis+Willd.+on+K562+and+HL-60+cell+lines.+Iran+J+Bas
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tayarani-Najaran+Z%2C+Makki+FS%2C+Alamolhodaei+NS%2C+Mojarrab+M%2C+Emami+SA.+Cytotoxic+and+apoptotic+effects+of+different+extracts+of+Artemisia+biennis+Willd.+on+K562+and+HL-60+cell+lines.+Iran+J+Bas
https://doi.org/10.4103/1735-5362.288434
https://www.ncbi.nlm.nih.gov/pubmed/33088327
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7540818
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ramazani+E%2C+Tayarani-Najaran+Z%2C+Shokoohinia+Y%2C+Mojarrab+M.+Comparison+of+the+cytotoxic+effects+of+different+fractions+of+Artemisia+ciniformis+and+Artemisia+biennis+on+B16%2FF10%2C+PC3+and+MCF7+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zamani+S%2C+Emami+SA%2C+Iranshahi+M%2C+Zamani+Taghizadeh+Rabe+S%2C+Mahmoudi+M.+Sesquiterpene+fractions+of+Artemisia+plants+as+potent+inhibitors+of+inducible+nitric+oxide+synthase+and+cyclooxygenase-2
https://www.mdpi.com/1422-0067/14/6/12780
https://doi.org/10.3390/ijms140612780
https://www.ncbi.nlm.nih.gov/pubmed/23783276
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3709812
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sesquiterpenoids+lactones%3A+benefits+to+plants+and+people.+Int+J+Mol+Sci.+2013%3B14%286%29%3A12780-805.&btnG=
https://doi.org/10.4103/1735-5362.220963
https://www.ncbi.nlm.nih.gov/pubmed/29387107
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5772077
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shahali+A%2C+Ghanadian+M%2C+Jafari+SM%2C+Aghaei+M.+Mitochondrial+and+caspase+pathways+are+involved+in+the+induction+of+apoptosis+by+nardosinen+in+MCF-7+breast+cancer+cell+line.+Res+Pharm+Sci.+2018%3B
https://ashpublications.org/blood/article/105/11/4163/19482/The-sesquiterpene-lactone-parthenolide-induces
https://doi.org/10.1182/blood-2004-10-4135
https://www.ncbi.nlm.nih.gov/pubmed/15687234
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1895029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Guzman+ML%2C+Rossi+RM%2C+Karnischky+L%2C+Li+X%2C+Peterson+DR%2C+Howard+DS%2C+et+al.+The+sesquiterpene+lactone+parthenolide+induces+apoptosis+of+human+acute+myelogenous+leukemia+stem+and+progenitor+ce
https://doi.org/10.1002/jcb.29141
https://www.ncbi.nlm.nih.gov/pubmed/31161672
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Keyvanloo+Shahrestanaki+M%2C+Bagheri+M%2C+Ghanadian+M%2C+Aghaei+M%2C+Jafari+SM.+Centaurea+cyanus+extracted+13-O-acetylsolstitialin+A+decrease+Bax%2FBcl-2+ratio+and+expression+of+cyclin+D1%2FCdk-4+to+
https://doi.org/10.1016/S0925-5710(98)00038-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kamesaki+H.+Mechanisms+involved+in+chemotherapy-induced+apoptosis+and+their+implications+in+cancer+chemotherapy.+Int+J+Hematol.+1998%3B68%281%29%3A29-43.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kamesaki+H.+Mechanisms+involved+in+chemotherapy-induced+apoptosis+and+their+implications+in+cancer+chemotherapy.+Int+J+Hematol.+1998%3B68%281%29%3A29-43.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960740497000157
https://doi.org/10.1016/S0960-7404(97)00015-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bold+RJ%2C+Termuhlen+PM%2C+McConkey+DJ.+Apoptosis%2C+cancer+and+cancer+therapy.+Surg+Oncol.+1997%3B6%283%29%3A133-42.&btnG=
https://link.springer.com/article/10.1007/s13277-014-2744-9
https://link.springer.com/article/10.1007/s13277-014-2744-9
https://doi.org/10.1007/s13277-014-2744-9
https://www.ncbi.nlm.nih.gov/pubmed/25342596
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hamzeloo-Moghadam+M%2C+Aghaei+M%2C+Fallahian+F%2C+Jafari+SM%2C+Dolati+M%2C+Abdolmohammadi+MH%2C+et+al.+Britannin%2C+a+sesquiterpene+lactone%2C+inhibits+proliferation+and+induces+apoptosis+through+the
https://doi.org/10.1111/j.1744-7909.2010.00910.x
https://www.ncbi.nlm.nih.gov/pubmed/20074143
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zulak+KG%2C+Bohlmann+J.+Terpenoid+biosynthesis+and+specialized+vascular+cells+of+conifer+defense.+J+Integr+Plant+Biol.+2010%3B52%281%29%3A86-97.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zulak+KG%2C+Bohlmann+J.+Terpenoid+biosynthesis+and+specialized+vascular+cells+of+conifer+defense.+J+Integr+Plant+Biol.+2010%3B52%281%29%3A86-97.&btnG=
https://www.ingentaconnect.com/content/ben/cmcaca/2005/00000005/00000005/art00004
https://doi.org/10.2174/1568011054866973
https://www.ncbi.nlm.nih.gov/pubmed/16178774
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modzelewska+A%2C+Sur+S%2C+Kumar+SK%2C+Khan+SR.+Sesquiterpenes%3A+natural+products+that+decrease+cancer+growth.+Curr+Med+Chem+Anticancer+Agents.+2005%3B5%285%29%3A477-99.&btnG=
https://link.springer.com/article/10.1007/s00253-021-11534-1
https://doi.org/10.1007/s00253-021-11534-1
https://www.ncbi.nlm.nih.gov/pubmed/34463801
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gong+DY%2C+Chen+XY%2C+Guo+SX%2C+Wang+BC%2C+Li+B.+Recent+advances+and+new+insights+in+biosynthesis+of+dendrobine+and+sesquiterpenes.+Appl+Microbiol+Biotechnol.+2021%3B105%2818%29%3A6597-606.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gong+DY%2C+Chen+XY%2C+Guo+SX%2C+Wang+BC%2C+Li+B.+Recent+advances+and+new+insights+in+biosynthesis+of+dendrobine+and+sesquiterpenes.+Appl+Microbiol+Biotechnol.+2021%3B105%2818%29%3A6597-606.&btnG=


Potential Anti-Cancer Effect of Sesquiterpene Lactones                                                                       Ebrahimi S.M. et al.  

 

57| Jorjani Biomedicine Journal. 2022; 10(4): P 47-59. 

39. Bartikova H, Hanusova V, Skalova L, Ambroz 

M, Bousova I. Antioxidant, pro-oxidant and other 

biological activities of sesquiterpenes. Curr Top 

Med Chem. 2014;14(22):2478-94. [view at 

publisher] [DOI] [PMID] [Google Scholar] 

40. Abu-Izneid T, Rauf A, Shariati MA, Khalil 

AA, Imran M, Rebezov M, et al. Sesquiterpenes 

and their derivatives-natural anticancer 

compounds: An update. Pharmacol Res. 

2020;161:105165. [view at publisher] [DOI] 

[PMID] [Google Scholar] 

41. Pragna Lakshmi T, Vajravijayan S, Moumita 

M, Sakthivel N, Gunasekaran K, Krishna R. A 

novel guaiane sesquiterpene derivative, guai-2-en-

10α-ol, from Ulva fasciata Delile inhibits 

EGFR/PI3K/Akt signaling and induces 

cytotoxicity in triple-negative breast cancer cells. 

Mol Cell Biochem. 2018;438(1-2):123-39. [view 

at publisher] [DOI] [PMID] [Google Scholar] 

42. de Oliveira Mauro M, Matuo R, de David N, 

Strapasson RLB, Oliveira RJ, Stefanello MÉA, et 

al. Actions of sesquiterpene lactones isolated from 

Moquiniastrum polymorphum subsp. floccosum 

in MCF7 cell line and their potentiating action on 

doxorubicin. BMC Pharmacology and 

Toxicology. 2017;18(1):53. [view at publisher] 

[DOI] [PMID] [PMCID] [Google Scholar] 

43. Shiau JY, Nakagawa-Goto K, Lee KH, Shyur 

LF. Phytoagent deoxyelephantopin derivative 

inhibits triple negative breast cancer cell activity 

by inducing oxidative stress-mediated paraptosis-

like cell death. Oncotarget. 2017;8(34):56942-58. 

[DOI] [PMID] [PMCID] [Google Scholar] 

44. Yeo SK, Ali AY, Hayward OA, Turnham D, 

Jackson T, Bowen ID, et al. β-Bisabolene, a 

Sesquiterpene from the Essential Oil Extract of 

Opoponax (Commiphora guidottii), Exhibits 

Cytotoxicity in Breast Cancer Cell Lines. 

Phytother Res. 2016;30(3):418-25. [DOI] [PMID] 

[Google Scholar] 

45. Hanušová V, Caltová K, Svobodová H, 

Ambrož M, Skarka A, Murínová N, et al. The 

effects of β-caryophyllene oxide and trans-

nerolidol on the efficacy of doxorubicin in breast 

cancer cells and breast tumor-bearing mice. 

Biomed Pharmacother. 2017;95:828-36. [view at 

publisher] [DOI] [PMID] [Google Scholar] 

46. Heinrich M, Robles M, West JE, Ortiz de 

Montellano BR, Rodriguez E. 

Ethnopharmacology of Mexican asteraceae 

(Compositae). Annu Rev Pharmacol Toxicol. 

1998;38:539-65. [DOI] [PMID] 

47. Ludwiczuk A, Skalicka-Woźniak K, Georgiev 

MI. Chapter 11 - Terpenoids. In: Badal S, 

Delgoda R, editors. Pharmacognosy. Boston: 

Academic Press; 2017. p. 233-66. [DOI] 

48. Rozas-Muñoz E, Lepoittevin JP, Pujol R, 

Giménez-Arnau A. Allergic Contact Dermatitis to 

Plants: Understanding the Chemistry will Help 

our Diagnostic Approach. Actas dermo-

sifiliograficas. 2012;103. [view at publisher] 

[DOI] [PMID] [Google Scholar] 

49. Berry MI, editor Herbal Products, Part 6. The 

Chamomiles1995. 

50. Poupel F, Aghaei M, Movahedian A, Jafari 

SM, Shahrestanaki MK. Dihydroartemisinin 

Induces Apoptosis in Human Bladder Cancer Cell 

Lines Through Reactive Oxygen Species, 

Mitochondrial Membrane Potential, and 

Cytochrome C Pathway. Int J Prev Med. 

2017;8:78. [DOI] [PMID] [PMCID] [Google 

Scholar] 

51. Liu W, Furuta E, Shindo K, Watabe M, Xing 

F, Pandey PR, et al. Cacalol, a natural 

sesquiterpene, induces apoptosis in breast cancer 

cells by modulating Akt-SREBP-FAS signaling 

pathway. Breast Cancer Res Treat. 

2011;128(1):57-68. [view at publisher] [DOI] 

[PMID] [Google Scholar] 

52. Fallahian F, Aghaei M, Abdolmohammadi 

MH, Hamzeloo-Moghadam M. Molecular 

mechanism of apoptosis induction by Gaillardin, a 

sesquiterpene lactone, in breast cancer cell lines : 

Gaillardin-induced apoptosis in breast cancer cell 

lines. Cell Biol Toxicol. 2015;31(6):295-305. 

[view at publisher] [DOI] [PMID] [Google 

Scholar] 

53. Roy A, Manikkam R. Cytotoxic Impact of 

Costunolide Isolated from Costus speciosus on 

https://www.ingentaconnect.com/content/ben/ctmc/2014/00000014/00000022/art00004
https://www.ingentaconnect.com/content/ben/ctmc/2014/00000014/00000022/art00004
https://doi.org/10.2174/1568026614666141203120833
https://www.ncbi.nlm.nih.gov/pubmed/25478887
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bartikova+H%2C+Hanusova+V%2C+Skalova+L%2C+Ambroz+M%2C+Bousova+I.+Antioxidant%2C+pro-oxidant+and+other+biological+activities+of+sesquiterpenes.+Curr+Top+Med+Chem.+2014%3B14%2822%29%3A2478-94.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1043661820314730
https://doi.org/10.1016/j.phrs.2020.105165
https://www.ncbi.nlm.nih.gov/pubmed/32835868
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abu-Izneid+T%2C+Rauf+A%2C+Shariati+MA%2C+Khalil+AA%2C+Imran+M%2C+Rebezov+M%2C+et+al.+Sesquiterpenes+and+their+derivatives-natural+anticancer+compounds%3A+An+update.+Pharmacol+Res.+2020%3B161%3A105165
https://link.springer.com/article/10.1007/s11010-017-3119-5
https://link.springer.com/article/10.1007/s11010-017-3119-5
https://doi.org/10.1007/s11010-017-3119-5
https://www.ncbi.nlm.nih.gov/pubmed/28766167
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pragna+Lakshmi+T%2C+Vajravijayan+S%2C+Moumita+M%2C+Sakthivel+N%2C+Gunasekaran+K%2C+Krishna+R.+A+novel+guaiane+sesquiterpene+derivative%2C+guai-2-en-10%CE%B1-ol%2C+from+Ulva+fasciata+Delile+inhibits+E
https://link.springer.com/article/10.1186/s40360-017-0156-3
https://doi.org/10.1186/s40360-017-0156-3
https://www.ncbi.nlm.nih.gov/pubmed/28662728
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5492432
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Actions+of+sesquiterpene+lactones+isolated+from+Moquiniastrum+polymorphum+subsp.+floccosum+in+MCF7+cell+line+and+their+potentiating+action+on+doxorubicin.+BMC+Ph&btnG=
https://doi.org/10.18632/oncotarget.18183
https://www.ncbi.nlm.nih.gov/pubmed/28915644
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5593615
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shiau+JY%2C+Nakagawa-Goto+K%2C+Lee+KH%2C+Shyur+LF.+Phytoagent+deoxyelephantopin+derivative+inhibits+triple+negative+breast+cancer+cell+activity+by+inducing+oxidative+stress-mediated+paraptosis-like+c
https://doi.org/10.1002/ptr.5543
https://www.ncbi.nlm.nih.gov/pubmed/26666387
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yeo+SK%2C+Ali+AY%2C+Hayward+OA%2C+Turnham+D%2C+Jackson+T%2C+Bowen+ID%2C+et+al.+%CE%B2-Bisabolene%2C+a+Sesquiterpene+from+the+Essential+Oil+Extract+of+Opoponax+%28Commiphora+guidottii%29%2C+Exhibits+C
https://www.sciencedirect.com/science/article/abs/pii/S0753332217335679
https://www.sciencedirect.com/science/article/abs/pii/S0753332217335679
https://doi.org/10.1016/j.biopha.2017.09.008
https://www.ncbi.nlm.nih.gov/pubmed/28903178
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hanu%C5%A1ov%C3%A1+V%2C+Caltov%C3%A1+K%2C+Svobodov%C3%A1+H%2C+Ambro%C5%BE+M%2C+Skarka+A%2C+Mur%C3%ADnov%C3%A1+N%2C+et+al.+The+effects+of+%CE%B2-caryophyllene+oxide+and+trans-nerolidol+on+the+efficacy
https://doi.org/10.1146/annurev.pharmtox.38.1.539
https://www.ncbi.nlm.nih.gov/pubmed/9597165
https://doi.org/10.1016/B978-0-12-802104-0.00011-1
https://www.sciencedirect.com/science/article/abs/pii/S0001731011004881
https://doi.org/10.1016/j.ad.2011.07.017
https://www.ncbi.nlm.nih.gov/pubmed/22217935
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rozas-Mu%C3%B1oz+E%2C+Lepoittevin+JP%2C+Pujol+R%2C+Gim%C3%A9nez-Arnau+A.+Allergic+Contact+Dermatitis+to+Plants%3A+Understanding+the+Chemistry+will+Help+our+Diagnostic+Approach.+Actas+dermo-sifiliogra
https://doi.org/10.4103/ijpvm.IJPVM_258_17
https://www.ncbi.nlm.nih.gov/pubmed/29114376
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5651661
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Poupel+F%2C+Aghaei+M%2C+Movahedian+A%2C+Jafari+SM%2C+Shahrestanaki+MK.+Dihydroartemisinin+Induces+Apoptosis+in+Human+Bladder+Cancer+Cell+Lines+Through+Reactive+Oxygen+Species%2C+Mitochondrial+Membran
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Poupel+F%2C+Aghaei+M%2C+Movahedian+A%2C+Jafari+SM%2C+Shahrestanaki+MK.+Dihydroartemisinin+Induces+Apoptosis+in+Human+Bladder+Cancer+Cell+Lines+Through+Reactive+Oxygen+Species%2C+Mitochondrial+Membran
https://link.springer.com/article/10.1007/s10549-010-1076-8
https://doi.org/10.1007/s10549-010-1076-8
https://www.ncbi.nlm.nih.gov/pubmed/20665104
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liu+W%2C+Furuta+E%2C+Shindo+K%2C+Watabe+M%2C+Xing+F%2C+Pandey+PR%2C+et+al.+Cacalol%2C+a+natural+sesquiterpene%2C+induces+apoptosis+in+breast+cancer+cells+by+modulating+Akt-SREBP-FAS+signaling+pathway
https://link.springer.com/article/10.1007/s10565-016-9312-6
https://doi.org/10.1007/s10565-016-9312-6
https://www.ncbi.nlm.nih.gov/pubmed/26843455
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fallahian+F%2C+Aghaei+M%2C+Abdolmohammadi+MH%2C+Hamzeloo-Moghadam+M.+Molecular+mechanism+of+apoptosis+induction+by+Gaillardin%2C+a+sesquiterpene+lactone%2C+in+breast+cancer+cell+lines+%3A+Gaillardin-
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fallahian+F%2C+Aghaei+M%2C+Abdolmohammadi+MH%2C+Hamzeloo-Moghadam+M.+Molecular+mechanism+of+apoptosis+induction+by+Gaillardin%2C+a+sesquiterpene+lactone%2C+in+breast+cancer+cell+lines+%3A+Gaillardin-


Potential Anti-Cancer Effect of Sesquiterpene Lactones                                                                       Ebrahimi S.M. et al.  

 

58| Jorjani Biomedicine Journal. 2022; 10(4): P 47-59. 

Breast Cancer via Differential Regulation of Cell 

Cycle-An In-vitro and In-silico Approach. 

Phytother Res. 2015;29(10):1532-9. [DOI] 

[PMID] [Google Scholar] 

54. Yang B, Zhao Y, Lou C, Zhao H. 

Eupalinolide O, a novel sesquiterpene lactone 

from Eupatorium lindleyanum DC., induces cell 

cycle arrest and apoptosis in human MDA-MB-

468 breast cancer cells. Oncol Rep. 

2016;36(5):2807-13. [view at publisher] [DOI] 

[PMID] [Google Scholar] 

55. Liu J, Liu M, Wang S, He Y, Huo Y, Yang Z, 

et al. Alantolactone induces apoptosis and 

suppresses migration in MCF-7 human breast 

cancer cells via the p38 MAPK, NF-κB and Nrf2 

signaling pathways. Int J Mol Med. 

2018;42(4):1847-56. [view at publisher] [DOI] 

[PMID] [PMCID] [Google Scholar] 

56. Verma SS, Rai V, Awasthee N, Dhasmana A, 

Rajalaksmi DS, Nair MS, et al. 

Isodeoxyelephantopin, a Sesquiterpene Lactone 

Induces ROS Generation, Suppresses NF-κB 

Activation, Modulates LncRNA Expression and 

Exhibit Activities Against Breast Cancer. Sci Rep. 

2019;9(1):17980. [view at publisher] [DOI] 

[PMID] [PMCID] [Google Scholar] 

57. Fan S, Cui Y, Hu Z, Wang W, Jiang W, Xu H. 

Ambrosin sesquiterpene lactone exerts selective 

and potent anticancer effects in drug-resistant 

human breast cancer cells (MDA-MB-231) 

through mitochondrial mediated apoptosis, ROS 

generation and targeting Akt/β-Catenin signaling 

pathway. J buon. 2020;25(5):2221-7. [Google 

Scholar] 

58. Nakshatri H, Rice SE, Bhat-Nakshatri P. 

Antitumor agent parthenolide reverses resistance 

of breast cancer cells to tumor necrosis factor-

related apoptosis-inducing ligand through 

sustained activation of c-Jun N-terminal kinase. 

Oncogene. 2004;23(44):7330-44. [view at 

publisher] [DOI] [PMID] [Google Scholar] 

59. Sweeney CJ, Mehrotra S, Sadaria MR, Kumar 

S, Shortle NH, Roman Y, et al. The sesquiterpene 

lactone parthenolide in combination with 

docetaxel reduces metastasis and improves 

survival in a xenograft model of breast cancer. 

Mol Cancer Ther. 2005;4(6):1004-12. [DOI] 

[PMID] [Google Scholar] 

60. Looi CY, Arya A, Cheah FK, Muharram B, 

Leong KH, Mohamad K, et al. Induction of 

apoptosis in human breast cancer cells via caspase 

pathway by vernodalin isolated from 

Centratherum anthelminticum (L.) seeds. PLoS 

One. 2013;8(2):e56643. [DOI] [PMID] [PMCID] 

[Google Scholar] 

61. Nakagawa-Goto K, Chen JY, Cheng YT, Lee 

WL, Takeya M, Saito Y, et al. Novel 

sesquiterpene lactone analogues as potent anti-

breast cancer agents. Mol Oncol. 2016;10(6):921-

37. [view at publisher] [DOI] [PMID] [PMCID] 

[Google Scholar] 

62. Lee J, Hwangbo C, Lee JJ, Seo J, Lee JH. The 

sesquiterpene lactone eupatolide sensitizes breast 

cancer cells to TRAIL through down-regulation of 

c-FLIP expression. Oncol Rep. 2010;23(1):229-

37. [view at publisher] [DOI] [Google Scholar] 

63. Liang N, Li Y, Chung HY. Two natural 

eudesmane-type sesquiterpenes from Laggera 

alata inhibit angiogenesis and suppress breast 

cancer cell migration through VEGF- and 

Angiopoietin 2-mediated signaling pathways. Int J 

Oncol. 2017;51(1):213-22. [view at publisher] 

[DOI] [PMID] [Google Scholar] 

64. Ma JH, Qi J, Liu FY, Lin SQ, Zhang CY, Xie 

WD, et al. Ivalin Inhibits Proliferation, Migration 

and Invasion by Suppressing Epithelial 

Mesenchymal Transition in Breast Cancer Cells. 

Nutr Cancer. 2018;70(8):1330-8. [DOI] [PMID] 

[Google Scholar] 

65. Qu Z, Lin Y, Mok DK, Bian Q, Tai WC, Chen 

S. Arnicolide D Inhibits Triple Negative Breast 

Cancer Cell Proliferation by Suppression of 

Akt/mTOR and STAT3 Signaling Pathways. Int J 

Med Sci. 2020;17(11):1482-90. [DOI] [PMID] 

[PMCID] [Google Scholar] 

66. Saleem MZ, Nisar MA, Alshwmi M, Din 

SRU, Gamallat Y, Khan M, et al. Brevilin A 

Inhibits STAT3 Signaling and Induces ROS-

Dependent Apoptosis, Mitochondrial Stress and 

Endoplasmic Reticulum Stress in MCF-7 Breast 

https://doi.org/10.1002/ptr.5408
https://www.ncbi.nlm.nih.gov/pubmed/26178525
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Roy+A%2C+Manikkam+R.+Cytotoxic+Impact+of+Costunolide+Isolated+from+Costus+speciosus+on+Breast+Cancer+via+Differential+Regulation+of+Cell+Cycle-An+In-vitro+and+In-silico+Approach.+Phytother+Res.+2015%25
https://www.spandidos-publications.com/10.3892/or.2016.5115?text=fulltext
https://doi.org/10.3892/or.2016.5115
https://www.ncbi.nlm.nih.gov/pubmed/27666560
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yang+B%2C+Zhao+Y%2C+Lou+C%2C+Zhao+H.+Eupalinolide+O%2C+a+novel+sesquiterpene+lactone+from+Eupatorium+lindleyanum+DC.%2C+induces+cell+cycle+arrest+and+apoptosis+in+human+MDA-MB-468+breast+cancer+cells
https://www.spandidos-publications.com/ijmm/42/4/1847
https://doi.org/10.3892/ijmm.2018.3751
https://www.ncbi.nlm.nih.gov/pubmed/30015828
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6108867
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liu+J%2C+Liu+M%2C+Wang+S%2C+He+Y%2C+Huo+Y%2C+Yang+Z%2C+et+al.+Alantolactone+induces+apoptosis+and+suppresses+migration+in+MCF%E2%80%917+human+breast+cancer+cells+via+the+p38+MAPK%2C+NF%E2%80%91%CE%BA
https://www.nature.com/articles/s41598-019-52971-3
https://doi.org/10.1038/s41598-019-52971-3
https://www.ncbi.nlm.nih.gov/pubmed/31784542
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6884568
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Verma+SS%2C+Rai+V%2C+Awasthee+N%2C+Dhasmana+A%2C+Rajalaksmi+DS%2C+Nair+MS%2C+et+al.+Isodeoxyelephantopin%2C+a+Sesquiterpene+Lactone+Induces+ROS+Generation%2C+Suppresses+NF-%CE%BAB+Activation%2C+Modul
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fan+S%2C+Cui+Y%2C+Hu+Z%2C+Wang+W%2C+Jiang+W%2C+Xu+H.+Ambrosin+sesquiterpene+lactone+exerts+selective+and+potent+anticancer+effects+in+drug-resistant+human+breast+cancer+cells+%28MDA-MB-231%29+through
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fan+S%2C+Cui+Y%2C+Hu+Z%2C+Wang+W%2C+Jiang+W%2C+Xu+H.+Ambrosin+sesquiterpene+lactone+exerts+selective+and+potent+anticancer+effects+in+drug-resistant+human+breast+cancer+cells+%28MDA-MB-231%29+through
https://www.nature.com/articles/1207995
https://www.nature.com/articles/1207995
https://doi.org/10.1038/sj.onc.1207995
https://www.ncbi.nlm.nih.gov/pubmed/15286701
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nakshatri+H%2C+Rice+SE%2C+Bhat-Nakshatri+P.+Antitumor+agent+parthenolide+reverses+resistance+of+breast+cancer+cells+to+tumor+necrosis+factor-related+apoptosis-inducing+ligand+through+sustained+activa
https://doi.org/10.1158/1535-7163.MCT-05-0030
https://www.ncbi.nlm.nih.gov/pubmed/15956258
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sweeney+CJ%2C+Mehrotra+S%2C+Sadaria+MR%2C+Kumar+S%2C+Shortle+NH%2C+Roman+Y%2C+et+al.+The+sesquiterpene+lactone+parthenolide+in+combination+with+docetaxel+reduces+metastasis+and+improves+survival+in+a
https://doi.org/10.1371/journal.pone.0056643
https://www.ncbi.nlm.nih.gov/pubmed/23437193
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3577860
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Looi+CY%2C+Arya+A%2C+Cheah+FK%2C+Muharram+B%2C+Leong+KH%2C+Mohamad+K%2C+et+al.+Induction+of+apoptosis+in+human+breast+cancer+cells+via+caspase+pathway+by+vernodalin+isolated+from+Centratherum+anthelm
https://www.sciencedirect.com/science/article/pii/S1574789116300023
https://doi.org/10.1016/j.molonc.2016.03.002
https://www.ncbi.nlm.nih.gov/pubmed/27055598
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152578
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nakagawa-Goto+K%2C+Chen+JY%2C+Cheng+YT%2C+Lee+WL%2C+Takeya+M%2C+Saito+Y%2C+et+al.+Novel+sesquiterpene+lactone+analogues+as+potent+anti-breast+cancer+agents.+Mol+Oncol.+2016%3B10%286%29%3A921-37.&btnG
https://www.sciencedirect.com/science/article/pii/S1574789116300023
https://doi.org/10.3892/or_00000628
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+J%2C+Hwangbo+C%2C+Lee+JJ%2C+Seo+J%2C+Lee+JH.+The+sesquiterpene+lactone+eupatolide+sensitizes+breast+cancer+cells+to+TRAIL+through+down-regulation+of+c-FLIP+expression.+Oncol+Rep.+2010%3B23%281%29
https://www.spandidos-publications.com/10.3892/ijo.2017.4004
https://doi.org/10.3892/ijo.2017.4004
https://www.ncbi.nlm.nih.gov/pubmed/28534941
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liang+N%2C+Li+Y%2C+Chung+HY.+Two+natural+eudesmane-type+sesquiterpenes+from+Laggera+alata+inhibit+angiogenesis+and+suppress+breast+cancer+cell+migration+through+VEGF-+and+Angiopoietin+2-mediated+sign
https://doi.org/10.1080/01635581.2018.1539185
https://www.ncbi.nlm.nih.gov/pubmed/30463445
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ma+JH%2C+Qi+J%2C+Liu+FY%2C+Lin+SQ%2C+Zhang+CY%2C+Xie+WD%2C+et+al.+Ivalin+Inhibits+Proliferation%2C+Migration+and+Invasion+by+Suppressing+Epithelial+Mesenchymal+Transition+in+Breast+Cancer+Cells.+Nutr
https://doi.org/10.7150/ijms.46925
https://www.ncbi.nlm.nih.gov/pubmed/32669950
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7359397
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Qu+Z%2C+Lin+Y%2C+Mok+DK%2C+Bian+Q%2C+Tai+WC%2C+Chen+S.+Arnicolide+D+Inhibits+Triple+Negative+Breast+Cancer+Cell+Proliferation+by+Suppression+of+Akt%2FmTOR+and+STAT3+Signaling+Pathways.+Int+J+Med+Sci.


Potential Anti-Cancer Effect of Sesquiterpene Lactones                                                                       Ebrahimi S.M. et al.  

 

59| Jorjani Biomedicine Journal. 2022; 10(4): P 47-59. 

Cancer Cells. Onco Targets Ther. 2020;13:435-

50. [DOI] [PMID] [PMCID] [Google Scholar] 

67. Mendis AS, Thabrew I, Ediriweera MK, 

Samarakoon SR, Tennekoon KH, Adhikari A, et 

al. Isolation of a New Sesquiterpene Lactone 

From Vernonia Zeylanica (L) Less and its Anti-

Proliferative Effects in Breast Cancer Cell Lines. 

Anticancer Agents Med Chem. 2019;19(3):410-

24. [DOI] [PMID] [Google Scholar] 

68. Dou S, Yang C, Zou D, Da W, Masood M, 

Adlat S, et al. Atractylenolide II induces cell cycle 

arrest and apoptosis in breast cancer cells through 

ER pathway. Pak J Pharm Sci. 2021;34(4):1449-

58. [Google Scholar] 

69. Adjuik M, Babiker A, Garner P, Olliaro P, 

Taylor W, White N. Artesunate combinations for 

treatment of malaria: meta-analysis. Lancet. 

2004;363(9402):9-17. [view at publisher] [DOI] 

[Google Scholar] 

70. Singh NP, Lai H. Selective toxicity of 

dihydroartemisinin and holotransferrin toward 

human breast cancer cells. Life Sci. 

2001;70(1):49-56. [view at publisher] [DOI] 

[Google Scholar] 

71. von Hagens C, Walter-Sack I, Goeckenjan M, 

Osburg J, Storch-Hagenlocher B, Sertel S, et al. 

Prospective open uncontrolled phase I study to 

define a well-tolerated dose of oral artesunate as 

add-on therapy in patients with metastatic breast 

cancer (ARTIC M33/2). Breast Cancer Res Treat. 

2017;164(2):359-69. [view at publisher] [DOI] 

[PMID] [Google Scholar] 

 

 

 

 

 

 

 

 

How to cite: 

Ebrahimi S.M, Jafari1 S.M. A review of Potential Anti-Cancer Effect of Sesquiterpene Lactones in Breast Cancer. Jorjani 

Biomedicine Journal. 2022; 10(4):47-59. 

https://doi.org/10.2147/OTT.S228702
https://www.ncbi.nlm.nih.gov/pubmed/32021288
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6970270
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saleem+MZ%2C+Nisar+MA%2C+Alshwmi+M%2C+Din+SRU%2C+Gamallat+Y%2C+Khan+M%2C+et+al.+Brevilin+A+Inhibits+STAT3+Signaling+and+Induces+ROS-Dependent+Apoptosis%2C+Mitochondrial+Stress+and+Endoplasmic+Reticul
https://doi.org/10.2174/1871520619666181128163359
https://www.ncbi.nlm.nih.gov/pubmed/30488799
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mendis+AS%2C+Thabrew+I%2C+Ediriweera+MK%2C+Samarakoon+SR%2C+Tennekoon+KH%2C+Adhikari+A%2C+et+al.+Isolation+of+a+New+Sesquiterpene+Lactone+From+Vernonia+Zeylanica+%28L%29+Less+and+its+Anti-Proliferati
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dou+S%2C+Yang+C%2C+Zou+D%2C+Da+W%2C+Masood+M%2C+Adlat+S%2C+et+al.+Atractylenolide+II+induces+cell+cycle+arrest+and+apoptosis+in+breast+cancer+cells+through+ER+pathway.+Pak+J+Pharm+Sci.+2021%3B34%284%25
https://www.sciencedirect.com/science/article/pii/S0140673603151628
https://doi.org/10.1016/S0140-6736(03)15162-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adjuik+M%2C+Babiker+A%2C+Garner+P%2C+Olliaro+P%2C+Taylor+W%2C+White+N.+Artesunate+combinations+for+treatment+of+malaria%3A+meta-analysis.+Lancet.+2004%3B363%289402%29%3A9-17.&btnG=
https://www.sciencedirect.com/science/article/pii/S0024320501013728
https://doi.org/10.1016/S0024-3205(01)01372-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh+NP%2C+Lai+H.+Selective+toxicity+of+dihydroartemisinin+and+holotransferrin+toward+human+breast+cancer+cells.+Life+Sci.+2001%3B70%281%29%3A49-56.&btnG=
https://link.springer.com/article/10.1007/s10549-017-4261-1
https://doi.org/10.1007/s10549-017-4261-1
https://www.ncbi.nlm.nih.gov/pubmed/28439738
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=von+Hagens+C%2C+Walter-Sack+I%2C+Goeckenjan+M%2C+Osburg+J%2C+Storch-Hagenlocher+B%2C+Sertel+S%2C+et+al.+Prospective+open+uncontrolled+phase+I+study+to+define+a+well-tolerated+dose+of+oral+artesunate+

