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Abstract
Chrysin is a natural bioactive compound that is extracted from many trees, honey, and propolis. Chrysin has several pharma-
cological activities such as anti-inflammatory, anti-cancer, and antioxidant properties. This study was performed to evaluate 
the anti-cancer activities of chrysin in cancer therapy. The present study was conducted by systematic review of studies 
published up to August 2021. Related studies were identified by searching Web of Science (WoS), PubMed, Science Direct, 
SID, MagIran, Scopus, and Google Scholar databases. The keywords of chrysin, cancer, anti-cancer, and cancer therapy were 
used for searching. The quality of the studies was assessed by the CONSORT checklist. A total of 21 studies were identified. 
The results of studies showed that chrysin has an anticancer effect by stimulating apoptosis in a wide range of human cells 
and rats. Chrysin is also an important factor in inhibiting tumor growth and neoplasticity. Chrysin inhibits the growth and 
proliferation of cancer cells by inducing cytotoxic effects. Therefore, due to the antitumor effects of chrysin and its safety 
and non-toxicity towards normal cells, this compound can be considered as an adjuvant along with chemotherapeutic agents 
in cancer treatment.
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Background

Cancer is the result of cells deviating from normal regula-
tory, proliferative, and differentiation pathways. Self-efficacy 
in growth signals, insensitivity to growth inhibitory signals, 
avoidance of programmed cell death, and having unlimited 

potentials for metastasis lead to cell immortality and cancer 
(1). Cancer is responsible for 1 in 8 deaths worldwide and 
encompasses more than 100 distinct diseases with different 
epidemiology and risk factors (1, 2). Annually, nine mil-
lion new cases of cancer are identified in developed and 
developing countries (3). It has been predicted that in 2030, 
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cancer will be the first and most important cause of human 
death (4).

Common cancer treatments include surgical tumor resec-
tion, chemotherapy, and radiotherapy (5). Natural products, 
especially herbs, have been used to treat many diseases, 
including cancer, for many years. Studies show that there 
are more than 3000 types of plants used to treat cancer (6). 
Foods rich in antioxidants have inhibitory effects on cancers, 
inflammatory diseases, and dementia. Honey is one of these 
foods (7, 8), which has long been used for its antioxidant 
properties. Chrysin, as one of the polyphenols of honey, has 
shown promising pharmacological effects for the prevention 
and treatment of cancer (9). Additionally, propolis, passion 
flowers, Passiflora caerulea, P. incarnata, and Oroxylum 
inolicum are among rich sources of chrysin (10, 11) (Fig. 1).

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
the most commonly used drugs. The beneficial effects of 
NSAIDs in reducing or relieving pain are well established, 
and other benefits such as reducing inflammation and anti-
cancer effects are also documented. NSAIDs have been 
shown to induce reactive oxygen species (ROS) in different 
cell types including cardiac and cardiovascular-related cells. 
Increases in ROS result in increased levels of oxidized pro-
teins which alter key intracellular signaling pathways (11).

Chrysin (5,7-dihydroxyflavone) (C15H10O4) is a natural 
flavonoid found in honey and a variety of plant extracts (12). 
Chrysin has several biological activities, such as antioxidant 

(13), anti-inflammatory (14), antibacterial (15), anti-hyper-
tensive (16), anti-allergic (17), vasodilator (18), anti-dia-
betic (19), anti-anxiety (10), anti-viral (20), anti-estrogen 
(21), liver protective (22), anti-aging (23), anti-seizure (24), 
and anti-cancer effects (25). Although the exact molecular 
mechanisms of the anti-cancer effects of chrysin are not fully 
understood, it seems that this compound induces apoptosis 
in cancer cells in the following mechanisms: (1) facilitat-
ing the release of cytochrome C from the mitochondria, (2) 
activating caspase-3 and inhibiting the activity of the XIAP 
molecule, and (3) reducing AKT phosphorylation and trig-
gering the PI3K pathway and induction of apoptosis (26).

In a study by Rauf et al., it was reported that chrysin has 
recently attracted attention for its anti-tumor and anti-oxi-
dant activities and also for its protective effects on allergic 
inflammation (27). This study reports that in silico analy-
sis of receptor-ligand complex shows that chrysin inter-
acts weakly with COX-1 binding site whereas displayed a 
remarkable interaction with COX-2. These findings suggest 
that the flavone chrysin is isolated from P. evestita Th. Wolf. 
and possesses in vivo anti-inflammatory and anti-nocicep-
tive potential, which is supported in silico by interaction 
with the COX-2 binding site (27).

Great advances have been made in understanding the 
molecular biology of cancer, leading to breakthrough devel-
opments in anti-cancer therapies. Several studies have sug-
gested an association between dietary phytochemicals and 
cancer prevention (27–29). Experimental evidences show 
that many phytochemicals have anticancer activity with 
low toxicity, thus making them safe for human use. Chrysin 
administration improves status on lipid peroxidation and 
antioxidants, which regulates the oxidant/antioxidant bal-
ance in cancer (30). The main anti-cancer mechanisms of 
chrysin include suppressing cellular proliferation and inflam-
mation and inducing apoptotic cell death (31, 32). Chrysin 
can also be an effective inhibitor of tumor cell–induced 
angiogenesis. Chrysin also delays tumor formation instead 
of inhibiting tumor formation (33).

Nowadays, cancer studies are looking for effective and 
safe anti-tumor agents with greater acceptability. Natural 
products, such as plant-derived compounds that are either 
traditional herbal medicines or parts of the human diet, have 
attracted attention in this field. Numerous studies have con-
firmed the efficiency of these natural products as anti-cancer 
agents in various experimental models of human cancers 
(34–39), and a small number of compounds are subjected 
to clinical trials (11) (Fig. 1).

Natural products are a promising source for discovering 
new anti-cancer drugs. In the current review, we conducted 
a systematic review on the anti-cancer effects of chrysin. 
Therefore, a systematic review of all studies in this field and 
their combination can create a more complete picture on the 
potential capacity of chrysin as an anti-cancer agent.Fig. 1   Schematic of chrysin sources and its health claims
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Methods

Search Strategy

The present study was conducted by a systematic review 
of studies published up to August 2021 and examined the 
anti-cancer activity of chrysin in cancer therapy. The Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses statement (PRISMA) checklist was used in all 
stages of this systematic review (40). The databases such 
as PubMed, Scopus, Science direct, Magiran, SID, WoS, 
and Google Scholar were reviewed to identify studies pub-
lished in Persian and English languages. For this purpose, 
the keywords of chrysin, anti-cancer, cancer therapy, and 
their combinations were used for literature search by two 
independent researchers. Also, the reference list of articles 
was reviewed to find potential additional studies. The title 
and abstract of the articles were screened according to search 
strategy, and after the articles were approved in terms of the 
topic, the full text of articles was reviewed by two research-
ers independently.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) studies that exam-
ined the anti-cancer properties of chrysin, (2) interven-
tional studies, (3) studies with full text available, (4) studies 
focused on cancer and chrysin, (5) clinical trials published in 
English and Persian. The exclusion criteria were (1) studies 
focused on other compounds, (2) studies that lacked suffi-
cient detail in method, (3) reviewed articles, (4) letters to the 
editor, (5) papers presented at conferences, (6) conference 
abstracts, and (7) non-English articles.

Quality Assessment

In order to assess the quality of articles, a checklist appro-
priate to the type of study was used. The 2010 CONSORT 
(Consolidated Standards of Reporting Trials) was used to 
review standard reporting (41). This checklist contains 25 
checkpoints resulting in a possible range of 0–25. Thus, the 
maximum score was 25 points. For each article, all checklist 
items were reviewed by two researchers, and articles of good 
quality were included in the study.

Data Extraction

Information on all articles submitted to the systematic 
review process was extracted using a pre-prepared check-
list. This checklist includes the first author’s name, the year 

of publication, the place of study, the duration of the study, 
the dose of the drug, the type of cancer, the sample size, the 
examined outcomes, and the main findings.

Results

Study Characteristics

A total of 1304 studies were identified by the initial search 
in 7 electronic databases and transferred into the reference 
management software (Fig. 2). After removing duplicate 
articles and irrelevant articles (n = 705), the title and abstract 
of 599 articles were reviewed according to the inclusion and 
exclusion criteria. A total of 287 articles were selected for 
full-text assessment, and 22 articles remained after review-
ing the full-text articles. The methodological quality of 22 
articles was assessed using the CONSORT checklist. Finally, 
21 articles were included in this study to evaluate the anti-
cancer activity of chrysin. The characteristics of included 
studies are shown in Table 1.

In general, all of the included studies were controlled tri-
als. This systematic review was performed on in vitro and 
in vivo studies. A total of 21 studies, 8 studies in China (43) 
(33, 57) (56), 4 studies in Korea (42, 48, 53, 55), 4 studies in 
India (30) (45, 49, 50), and 2 studies in the USA (46) (35), 
were conducted. In Iran (54), Thailand (44), and Japan (52), 
one study was conducted. The duration of studies ranged 
from 16 to 16 weeks.

The included studies contained eleven types of cancers, 
including lung cancer (n = 5) (45) (46) (34) (48) (52), breast 
cancer (n = 3) (43) (44) (56), colorectal cancer (n = 4) (54, 
55) (47) (51), renal cancer (n = 2) (33) (49), thyroid cancer 
(35), skin cancer (42), hepatocellular carcinoma (50), oral 
cancer (30), esophagus cancer (57),cervical cancer (58), and 
gastric cancer (53). RNA extraction has been performed in 
all studies in this systematic review. Protein analysis was 
also performed by real-time PCR, Western blot, and ELISA 
methods.

According to the results of this systematic review, chry-
sin is a compound with anti-inflammatory and antioxidant 
effects. Chrysin has also been shown to have anti-cancer 
effect by stimulating apoptosis in a wide range of human and 
rat cells. However, there is still ambiguity in the anti-cancer 
mechanisms of chrysin. Chrysin is also an important factor 
in inhibiting tumor growth and neoplasticity and delaying 
tumor development.

Discussion

This systematic review included 21 studies and focused on 
the anti-cancer activities of chrysin. All studies had moder-
ate or high quality according to the CONSORT checklist. 
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To our knowledge, this study is the first systematic review 
to summarize anti-cancer activities of chrysin. According 
to the studies, chrysin promotes growth inhibitory effects 
against human cancer cell lines and tumors via suppressing 
cellular proliferation and inducing apoptosis. These effects 
can be mediated through a variety of cellular and molecular 
mechanisms affected by chrysin.

Using natural products as complementary to chemothera-
peutic agents leads to sensitizing cancer cells to chemothera-
peutic agents (59, 60). Antitumor phytochemicals can sup-
press the proliferation, metastasis, and invasive behaviors of 
cancer cells (61–63). Flavonoids are present in fruits, plant-
derived extracts, and many dietary supplements or herbal 
medicines. Chrysin is a natural, non-toxic, and safe flavo-
noid in propolis, which has shown strong anti-cancer effects 
on tumor cells (58). Chrysin induces apoptosis through the 
intrinsic mitochondrial pathway that disrupts mitochondrial 
membrane potential (MMP) and increases DNA fragmenta-
tion. It also produces pro-apoptotic proteins, including Bax 
and Bak, and activates caspase-9 and caspase-3 in various 
cancer cells (31, 64). In addition, chrysin can inhibit tumor 

growth by activating P38 MAPK and stopping the cell cycle 
(65). Regarding the high antitumor activity of chrysin, this 
natural plant-derived compound can be beneficial in inhib-
iting chemotherapy resistance of cancer cells (66). Also, 
chrysin suppresses tumorigenesis by inhibiting histone dea-
cetylase 8 (HDAC8) (67).

Zhang et al. showed that chrysin suppressed the prolif-
eration of HeLa cells and induced apoptosis. Their result 
showed that chrysin has cytotoxic effects on esophageal 
squamous cell carcinoma cell line (KYSE-510) in a dose- 
and time-dependent manner (58). Khan and colleagues also 
reported that chrysin (250 mg/kg) can suppress N-nitroso-
diethylamine-induced preneoplastic nodules in male Wistar 
rats (50). These authors showed in another study that 
dimethyl chrysin can attenuate Wnt and NF-κB signaling 
pathways and modulate apoptotic gene expression in DEN-
induced primary hepatocarcinogenesis in male Wistar rats 
(68).

In xenograft models, chrysin can inhibit angiogenesis 
and inducing apoptosis in HTh7 cells, 4T1 mice, and MDA-
MB-231 cells (34, 37, 43, 66). Kasala et al. also concluded 

Fig. 2   Flow chart indicating the 
stages of article selection in this 
systematic review and meta-
analysis (PRISMA 2009)
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that the inducing properties of apoptosis, anti-proliferative, 
anti-invasive, anti-metastatic, and anti-angiogenic chrysin 
increase its anti-cancer potential in vivo (69). Also, chrysin 
was introduced as an effective apoptosis-inducing agent in 
colon cancer cells (55). Lirdprapamongkol et al. showed that 
the hypoxic survival and metastatic growth of breast can-
cer cells in mice were inhibited by chrysin (44). In another 
study by Liu H et al., the inhibitory effect of chrysin on the 
growth of skin cancer was confirmed by inhibition of cyclin-
dependent kinases (42).

Shao and colleagues found that chrysin inhibited lung 
cancer growth and stimulate apoptosis probably via acti-
vation of the AMP-activated protein kinase (AMPK) path-
way. They observed that chrysin inhibited activation mTOR 
(Akt/mammalian target of rapamycin), an effect that was 
reversed by shRNA-mediated knocking down of AMPK. 
These observations suggest that the activation of AMPK by 
chrysin can contribute to the inhibition of Akt and apoptosis 
and induction of cellular proliferation in lung cancer cells. 
Therefore, the agents involved in AMPK activation can be 
useful adjuvants along with traditional chemotherapeutics 
for lung cancer (34) (47). In the rat model, chrysin (20 and 
40 mg/kg) shows chemotherapy activity by improving oxida-
tive stress and inflammation in DEN-induced renal carcino-
genesis (70). Chrysin suppressed the growth of colon cancer 
in female Wistar rats by recovering antioxidant mineral lev-
els in the intestinal mucosa, reducing cell proliferation and 
nitrosative stress (71).

The anti-cancer effects of chrysin have been reported in 
various models of cancers, including cervical cancer, colo-
rectal carcinoma, leukemia, breast, renal, hepatic, esopha-
gus, skin, thyroid, brain, eye, and prostate cancers. Several 
studies showed that oral chrysin strongly inhibits tumor 
growth in mice (33–35, 42, 46). Nevertheless, due to the 
low bioavailability of flavonoids such as chrysin, there is a 
need for developing their modified forms, such as synthetic 
analogues, and designing new drug delivery systems using 
carriers with different properties.

It is noteworthy that chrysin derivatives have also shown 
potential antitumor activity, and future studies could also 
focus on structural modification of chrysin in improving 
bioavailability and antitumor activity (72, 73). Although 
chemical modification is a promising strategy in promoting 
the antitumor activity of chrysin, it seems that nanoscale 
delivery systems, such as polymer nanoparticles, liposomes, 
solid lipids, and exosomes, can also promote chrysin cell 
uptake and increase anti-tumor activity (74).

The present study had some limitations: First, some stud-
ies were in the form of dissertations and were excluded due 
to not being published yet. Second, the full texts of some 
studies were not available. Third, the lack of a regular frame-
work for reporting results may lead to bias. Finally, some 
studies were not available due to language limitations.Ta
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Conclusion

According to the results of the current systematic review, 
chrysin inhibits the growth and proliferation of cancer 
cells by inducing cytotoxic effects. Considering the anti-
tumor effects of chrysin, and its safety and non-toxicity 
towards normal cells, this compound can be considered as 
an adjuvant along with chemotherapeutic agents in cancer 
treatment.
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