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A B S T R A C T   

Cancer treatment is one of the main challenges of global health. For decades, researchers have been trying to find 
anti-cancer compounds with minimal side effects. In recent years, flavonoids, as a group of polyphenolic com-
pounds, have attracted the attention of researchers due to their beneficial effects on health. Xanthomicrol is one 
of the flavonoids that has the ability to inhibit growth, proliferation, survival and cell invasion and ultimately 
tumor progression. Xanthomicrol, as active anti-cancer compounds, can be effective in the prevention and 
treatment of cancer. Therefore, the use of flavonoids can be suggested as a treatment along with other medicinal 
agents. It is obvious that additional investigations in cellular levels and animal models are still needed. In this 
review article, the effects of xanthomicrol on various cancers have been reviewed.   

1. Introduction 

Cancer, as one of the most incurable diseases, has affected human 
society and the health system in different countries [1]. Researchers 
have encountered many problems in the treatment of cancer, and so far 
no 100% cure has been discovered that can completely eradicate the 
disease in patients [2]. Cancer treatment is very difficult due to cancer 
cell immortality, invasion and metastasis, as well as angiogenesis [3]. 
Various methods such as chemotherapy, radiotherapy, etc. have been 
suggested for cancer, but because the side effects of these cases are very 
high for the patient and also have a high cost, researchers are trying to 
use the size of anti-cancer agents to treat patients [4]. In recent years, 
adjuvant therapy has been studied and researched. In this treatment, 
along with the main chemotherapy drug or radiotherapy, this other 
substance is used as an adjunct drug [5]. The results of such research 
have been promising, and some plant-based materials have shown 

positive effects in this regard [6]. Because of synergic effects with 
chemotherapeutic regimens and also cancer prevention, phytochemicals 
have been extensively studied recently [7]. Phytochemicals have a 
unique capacity to affect pathological processes including tumor 
angiogenesis and vascularization[8]. Flavonoids are among the impor-
tant phytochemical, with preventive and suppressive characters in 
tumor biology which, have received considerable attention nowadays 
and naturally can be found in a variety of fruits and vegetables [9]. 
Rapid metabolism and low bioavailability are two important features of 
flavonoids [10]. Nonetheless, low bioavailability can be increased with 
methylation of flavonoids’ hydroxyl groups, which also affects the 
metabolization time, robust transport rate and leads to increased ab-
sorption rates in target tissues [11]. So, in comparison with 
non-methylated flavonoids, methoxy-flavones with higher bioavail-
ability are more beneficial and helpful. Different mechanisms apply to 
flavonoids effects on target tissues, such as heightening of mitochondrial 
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membrane permeability, MAPK pathway modification, and apoptosis 
stimulation [12]. Xanthomicrol, as a plant substance, has recently been 
considered by scientists. This herbal agent has shown positive effects in 
preventing and reducing the symptoms of various diseases such as 
inflammation, and fungal diseases, but in the case of cancer [13]. In this 
review article, we try to examine the positive effects of xanthomicrol on 
preventing and reducing the symptoms of cancer and to collect the work 
that has been done in this field. 

2. Properties of xanthomicrol 

Trimethoxyflavone named xanthomicrol is a flavone, with 
substituted methoxy groups at positions 6, 7 and 8 and hydroxy groups 
at positions 5 and 4′ (Fig. 1). It has a role as an antineoplastic agent and a 
plant metabolite [14]. It is trimethoxyflavone and a dihydroxyflavone. It 
derives from a flavone. Xanthomicrol is a natural product found in 
Siparuna, Clinopodium douglasii, and other organisms with data avail-
able [15]. 4′, 5-dihydroxy-6, 7, 8-trimethox-y flavone the IUPAC name 
of Xanthomicrol is the important active element in Dra-cocephalum 
kotschyi Boiss leaf extract which also known as Spinal-Z [18], in Ira-
nian traditional herbal remedy [16]. 

3. Xanthomicrol effects on cell proliferation and apoptosis 

In the vast majority of multicellular organisms, apoptosis plays a 
crucial role in the establishment and maintenance of homeostasis. The 
apoptotic process involves biological and structural changes to the 
mitochondria, including mitochondrial dysfunction, disruption of the 
outer membrane of the mitochondria, and the release of cytochrome c, 
which may cause Apaf1 and Caspase-9 to connect, activating Caspase-9. 
Then, Caspase-9 activates Caspase-3, which causes cellular and 
morphological abnormalities and ultimately leads to cellular death 
[17–19]. Apoptosis evasion is among the important characteristics of 
cancer cells which can be a target in the therapeutic process in the fight 
against cancer. Flavonoids showed anti-apoptotic and anti-proliferation 
in a variety of cancer, include breast cancer. For example, side-
ritoflavone suppresses not only the proliferation of non-CSC but also CSC 
subpopulations which are responsible for tumor relapse, 
chemo-resistance and VMs. In the molecular view, sideritoflavone led to 
cell cycle arrest in the G2 phase, the Wnt, Myc/Max, transforming 
growth factor-β (NFK- β) pathways activation and increase p65/ nuclear 
factor kappa-light-chain-enhancer of activated В cells [20]. Xanthomi-
crol as a flavonoid is non-toxic to vital organs, despite its high 
bioavailability. 50 and 100 μM are reported via documents as IC50 of 
xanthomicrol between breast cancer cell lines [21]. Xanthomicrol 
inhibitory effects on 4T1 breast cancer cell viability were reported 
previously with no harmful effect on the normal fibroblast cells, which 
makes it a suitable compound to be considered for cancer treatment. 
Also xanthomicrol, expressively heightened the percentage of the 
apoptotic cells in 4T1 cells. 

Moreover, xanthomicrol induced cell cycle arrest at the G1 phase and 
significantly decreased Ki67 expression as a proliferation marker[13]. In 

vivo experiments showed that due to biphasic effects of flavonoids, 
higher concentration of xanthomicrol seemed to lose its inhibitory effect 
on tumor growth compared to the lower concentration [13,22]. Another 
important point is the hydrophobic nature of flavonoids, which leads to 
increased their attachment to blood proteins, which in turn delays their 
delivery to the tumor site, and so lowers their efficacy [23]. However, 
two weeks of treatment with low doses in animal models dramatically 
reduced the tumor proliferation rate. 

In the molecular view, flavonoids like xanthomicrol through anti- 
inflammatory effects have inhibitory effect on pro-inflammatory cyto-
kines such as TNFα and so inducing apoptosis effects [24]. TNFα as one 
of the molecular targets for inducing apoptosis in cancer cells associated 
with malignant breast neoplasm [25]. 

Another important factor in cancer biology and the design of anti- 
cancer drugs are miRNAs, which play a very important role in tumor 
initiation and tumor progression through inhibitory and induction ef-
fects [26]. miR21, miR27a, and miR125b as apoptosis inhibitors are 
among xanthomicrol target molecules [27,28]. Induction of apoptosis 
and inhibition of tumor growth through activation of caspase9, caspase3 
and intrinsic pathway of apoptosis have been reported via miR21 sup-
pression. More over the xanthomicrol possess the capacity to up-regulate 
of the Bcl2 family, Bax protein, through miR27suppression. Several 
pro-apoptotic transcripts, including p53 and Bak1, are among miR125b 
targets. Therefore, repression of this miR125b could sensitize the tumor 
cells to the therapeutic reagents[13]. Moreover, xanthomicrol treatment 
led to up-regulation of miR34 as a tumor suppressor which 
down-regulated in glioma [29], breast and bladder [30]. 

Moreover, recently Mariella Nieddu et al. showed evidence that 
xanthomicrol induced cytotoxicity, apoptosis, and cell cycle arrest, 
affecting lipid profile in cancer HeLa cells [31]. 

In summary, it can be conclude that xanthomicrol has the ability to 
inhibit the growth of cancer cells, especially breast cancer cells, through 
the effect on various molecules, including the molecules involved in 
apoptosis, such as caspase 9, Bax, and miRNAs (Fig. 2). 

4. Xanthomicrol effects on angiogenesis and metastasis 

Anti-angiogenic therapy in tumors consists of inhibiting the forma-
tion of new vessels or targeting the vessels that have already formed 
[32]. The anti-angiogenic therapy method has led to the design and 

Fig. 1. Chemical structure of xanthomicrol.  

Fig. 2. Effects of xanthomicrol on breast cancer apoptosis and angiogenesis.  
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development of compounds that inhibits the tumor growth by blocking 
the ability to form feeding vessels or by targeting the existing vessels, the 
basis factor in drug design for angiogenesis is based on the fact that the 
vessels inside the tumor are phenotypically are different with the vessels 
in the natural organs, so they can be selectively identified by antibodies 
and ligands [33]. Based on this, over the past two decades, agents have 
been developed to target tumor angiogenesis. Most of these agents act 
indirectly and remove angiogenic growth factors from the blood circu-
lation or interfere with the receptors and angiogenesis signaling path-
ways [34]. Inhibitors can inhibit angiogenesis in the stages of 
proliferation of endothelial cells, attachment to the extracellular matrix 
and their migration. Extracellular matrix is required for invasion, 
morphogenesis and differentiation and stability of endothelial cells, so 
anti-angiogenic agents can also prevent metastasis, which is an impor-
tant issue in the treatment of malignant cancers. However, the progress 
of this promising method, due to the lack of sufficient knowledge about 
the action of the effective compounds is in early stages [35,36]. Some 
important molecules play important functions in angiogenesis. Some 
growth factors such as VEGF are very specific for endothelial cells, while 
others such as bFGF (basic fibroblast growth factor) and MMPs (matrix 
metalloproteinase) have a wider functional range in angiogenesis [37]. 
Activating factors can be secreted by tumor cells, tumor 
micro-environment, or by macrophages and fibroblasts in the tumor 
tissue [38]. Xanthomicrol can act as a vessel formation inhibitor. In 
breast cancer(in vivo) and melanoma (in vitro), the xanthomicrol 
treatment led to decreased expression of VEGF, HIF-α and MMP9 [13, 
39]. In melanoma, xanthomicrol treatment leads to inhibition of 
PI3K/Akt signaling pathway activity through reducing Akt phosphory-
lation levels. The PI3K/Akt signaling pathway has a key role in pro-
gression of cancer through induction of HIF-1α and VEGF expression 
[39]. In hepato-cellular carcinoma xanthomicrol treatment led to Huh7 
cells viability reduction, migration and invasion suppression through 
down-regulation the expression level of MMP-2 and MMP-9 proteins, 
blocking EMT via up-regulating the level of E-cadherin and 
down-regulating the protein expression levels of N-cadherin, Vimentin 
and Snail [40]. Moreover, there is an indirect relation between 
anti-angiogenic and anti-apoptotic effects of xanthomicrol, because 
angiogenesis inhibitors could initiate apoptosis in the tumor cells. So, 
xanthomicrol may be a potential anti-tumor agent through anti-
angiogenic and apoptosis induction effects. 

5. Adjuvant therapy with Xanthomicrol 

Adjuvant therapy applied subsequently after surgery and removal of 
all obvious tumor mass to newly diagnosed cancer patients [41] in re-
gard to optimizing treatment process and targeting any residual or 
micro- metastatic tumors and leading to increased disease-free and 
overall survival [42]. It has been found that flavonoids have the ability 
to act as adjuvants in the treatment processes of cancer patients. On the 
other hand, flavonoids can be used together with other chemotherapy 
drugs and reduce the side effects of these drugs. For example, delphi-
nidin is a type of anthocyanin primarily found in the maqui berry has 
protective effect on diabetes-driven cancer and also increase the effi-
ciency of chemotherapy via autophagy induction. Moreover, Silibinin is 
a flavonoid compound extracted from Silybum marianum L. Gaertn 
seeds also have anticancer effects via autophagy induction. Morin is 
another flavonoids that combined with several chemotherapeutic drugs, 
include cisplatin, paclitaxel, 5-fluorouracil (5-FU), uranofin, bortezo-
mib, imatenib, doxorubicin, incristine and exert potent synergistic 
anticancer effects via increase apoptosis, down-regulating the expres-
sion of anti-apoptotic protein galectin-3, targeting miR-155/GATA3 
axis, suppresses STAT3 activity, up-regulating the expression of tumor 
suppressor gene PTEN, inhibiting the P-glycoproteinand [12]. Taken 
together, these findings show that the combination of flavonoids with 
chemotherapeutic drugs can be figured out as a promising approach for 
cancer therapy. Two important factors related to reduction of 

chemotherapy and radiotherapy agents’ efficacy are VEGF and VEGFR. 
Xanthomicrol has the potential to modified VEGF/VEGFR signaling, so it 
can be used as chemotherapy and radiotherapy adjuvant which may 
increase the efficiency of the cancer treatment approaches [43]. 
Although few studies have been conducted on the anti-cancer effects of 
xanthomicrol and the use of xanthomicrol as an adjunctive treatment 
has not been studied, and it is suggested that studies to investigate the 
effects of xanthomicrol as an adjunctive treatment and along with other 
treatments present in different cancers and in laboratory and animal 
models. 

6. Xanthomicrol effects on vascular mimicry 

Various methods are used by the tumor mass to obtain nutrients and 
oxygen necessary for growth and metastasis that angiogenesis, vascu-
logenic mimicry, bone marrow-derived vasculogenesis, vasculogenesis 
by cancer stem cells(CSCs), vascular intussusception, and myeloid cell- 
driven angiogenesis are among important mechanisms [44]. Until 
1999, angiogenesis was thought to be the only way to feed the cancer 
cells. Therefore, scientists have tried to discover drugs that inhibit 
angiogenesis. The results of angiogenesis treatments were not satisfac-
tory in most cases, and in most cases the recurrence of the disease and 
even the death of the patient were observed. Vascular mimicry (VM) is 
one of the mechanisms applied by cancer cells to form vessels like 
structures to overcome anti-angiogenic treatments [45]. Firstly, VM was 
introduced in metastatic melanoma [46]. Investigations reveal the 
important relation between poor prognosis, recurrences of tumor, 
resistance to anti-angiogenesis drugs and VM structures [47]. For 
example, it is confirmed that VM formation led to resistance to 
anti-VEGF antibodies (Avastin and bevacizumab) and tyrosine kinase 
activity of VEGF receptor inhibitors(sorafenib and sunitinib) [48] 
Moreover, VM formation, decrease Endostatin and bevacizumab efficacy 
in cancer treatment[49]. So, the new agents with VM inhibitory effects 
needed in cancer treatment procedures. Myricetin is a natural flavonoid 
compound abundant in various fruits and vegetables with 
anti-inflammatory, anti-oxidative and antitumor activities. Recently, 
Ming Wang etal. showed myricetin reverses epithelial–endothelial tran-
sition (EMT) and suppresses vasculogenic mimicry and angiogenesis of 
hepatocellular carcinoma by directly targeting PAR1 [50]. Luteolin 
shows the ability to suppress VM formation via Notch1/VEGF in gastric 
cancer [51]. Moreover, curcumin is a flavonoid polyphenol that is the 
active ingredient in the spice turmeric, which can inhibit VM formation 
in hepatocellular carcinoma via suppression EphA2, PI3K, MMPs, 
STAT3, and PI3K/AKT [52]. Therefore, flavonoids have the potential to 
prevent the formation of VMs. According to the anti-tumor effects of 
xanthomicrol, it is possible that it has the ability to inhibit the formation 
of VMs, although this is a hypothesis and laboratory and animal studies 
should be carried out for confirmation. 

7. Xanthomicrol and chemoresistance 

Chemotherapy is one of the most effective treatments for metastatic 
tumors. Simultaneous resistance of cancer cells to different drugs or 
multi-drug resistance (MDR) is still one of the main obstacles in the way 
to a successful chemotherapy. The most common reason for drug resis-
tance against a wide range of anticancer drugs is the high expression of 
ATP-dependent transporters (ABC) in the cell, which are responsible for 
the drug’s exit from the cell. The most famous ATP-dependent trans-
porter is a phosphoglycoprotein called glycoprotein P, which is the 
product of the MDR1 or ABCB1 gene [53]. In human, forty-eight ABC 
proteins in seven subfamilies (A-G) have been identified. The generation 
of MDR mostly due to three transporter-subfamilies including, ABC B 
member 1 (ABCB1/MDR1/P-glycoprotein, P-gp), subfamily C member 1 
(ABCC1/ MRP1), and subfamily G member 2 (ABCG2/BCRP) [54]. 
Various studies have shown that P-glycoprotein is highly expressed in 
many human cancers, including gastrointestinal cancer, blood cancers, 
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and neuroblastoma cancers. Transfer of a variety of chemotherapy 
agents includes anthracyclines and epipodophyllotoxins (type II topo-
isomerase inhibitors), vinca alkaloids(anti-mitotic and microtubule 
disturbution function), taxanes (a drug with interference with micro-
tubule)performed via ABCB1 led to reduction drug efficiency [55]. 
Moreover, ABCG2 is involved in efflux of type II topoisomerase in-
hibitors (Mitoxantrone and anthracyclines), inhibitors of kinases, DNA 
topoisomerase, and intercalative binding to DNA (indolocarbazole) 
[56]. quercetin, kaempferol, or morin demonstrated anti- 
chemo-resistance effects. For example quercetin overcome to docetaxel 
resistance in a prostate cancer xenograft model via reversing the 
up-regulation of P-gp, activation of androgen receptor and PI3K/Akt 
signaling pathways. So Xanthomicrol may have potential inhibitory ef-
fect on chemo-resistance [57]. 

8. Conclusion and future perspective 

New cancer treatment methods focus on inhibiting the message 
transmission pathways related to growth, survival, angiogenesis, and 
metastasis in cancer cells. Xanthomicrol has been considered as chemo- 
protective agents affecting these pathways. In general, the review of 
studies confirms the role of flavonoids in slowing the progression of 
cancer. In general, considering that the consumption of flavonoids, 
especially xanthomicrol is non-toxic and non-allergic, the use of these 
natural compounds is of great importance to increase the efficiency of 
cancer treatment. According to the results of the studies that indicate the 
positive and beneficial effects of xanthomicrol in inhibiting the pro-
gression of cancer (Table 1), therefore, the use of xanthomicrol can be 
suggested as a treatment along with other medicinal agents, but the 
definitive recommendation requires additional studies at the cellular 
level and animal model. 
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Table 1 
Approved anti-tumor of xanthomicrol.  

Cancer type Effect Mechanisms References 

Breast cancer Inhibitory effects on 
4T1 breast cancer 
cell viability 
Apoptosis induction  

• Induced cell cycle arrest at 
the G1 phase  

• Decreased Ki67  
• Inhibitory effect on pro- 

inflammatory cytokines 
such as TNFα 

21 

Breast cancer Anti- proliferative 
effect  

• Up-regulate of the Bcl2 
family and Bax protein  

• miR27suppression. 

13 

Glioma, 
Breast and 
Bladder 
cancer 

Anti- proliferative 
effect  

• Up-regulation of miR34 as 
a tumor suppressor. 

29–30 

Breast cancer 
and 
Melanoma 

Anti-angiogenesis  • Decreased expression of 
VEGF, HIF-α and MMP9 

13,38 

Melanoma Anti-angiogenesis  • Inhibition of PI3K/Akt 
signaling pathway activity  

• Reducing Akt 
phosphorylation levels. 

38 

Hepato- 
cellular 
carcinoma 

Cells viability 
reduction, 
migration and 
invasion 
suppression 
blocking EMT  

• Down-regulation the 
expression level of MMP-2 
and MMP-9 proteins  

• Up-regulating the level of 
E-cadherin  

• Down-regulating the 
protein expression levels 
of N-cadherin, Vimentin 
and Snail 

40  
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