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Abstract
Anthocyanins are one of the most widespread natural pigments in the plant kingdom.
Being surrounded by so many fruits and vegetables rich in anthocyanins, it is recommended to consume a relatively large amount of them. A daily intake of anthocyanins
has a certain demonstrated benefits: lowers the risk of cardiovascular disease, diabetes,
arthritis, and cancer due, at least in part, to their antioxidant and anti-inflammatory
activities. Lately, great attention is paid to their anticancer properties due to the need for
user-friendly approaches to improve the treatment. So far, cancer had been nominated to
be the second in top 10 diseases of the twenty-first century. Those colorful pigments have
the ability to modulate the activity of multiple targets involved in carcinogenesis through
direct interaction or modulation of gene expression and can also inhibit the growth of
cancer cells. However, the main concern related to the use of anthocyanins as anticancer
agents is their poor bioavailability, more specific poor absorption, and biodistribution. In
this chapter, the anticancer activities of anthocyanins or anthocyanin-rich extracts in vitro
or in vivo were reviewed.
Keywords: anthocyanins, berries, cancer

1. Introduction
Anthocyanins are cell vacuole components, abundant flavonoid constituents, which are
responsible for the varied colors (red, purple, and blue) of flowers, vegetables, or fruits.
Apart from fruits and flowers, anthocyanins also are also accumulated in vegetative tissues
where they are considered to confer protection against various biotic and abiotic stresses
[1–4]. They are the largest and the most important group of water-soluble plant pigments.
Berries, grapes, apples, purple cabbage, black soybean, and black rice are some examples of
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rich anthocyanins fruits and vegetables. In their natural environments, plants are vulnerable because of multiple attacks by many different species of herbivores and also pathogens
[5]. A vast spectrum of secondary metabolites have been demonstrated to act against their
predators [6]. Among them are the phenolics, a large group of structurally diverse compounds, as well as certain flavonoids such as the anthocyanins. There are several ways
anthocyanins assist plants in their defense against other organisms, such as chemical repellents and visual signals [7]. Along with other flavonoids, certain anthocyanins have demonstrable antiviral, antibacterial, and fungicidal activities. Also, it is generally accepted that
the colors of flowers and fruits enhance reproductive success by facilitating communication
between plants, their pollinators, and seed-dispersers [8]. Another positive propriety of
anthocyanins is that they have demonstrated to exhibit antioxidant potential in vitro and in
vivo. The antioxidant potential of anthocyanins have been demonstrated in vitro using several cell culture lines including ovarian, colon, endothelial liver, breast, leukemic cells, and
keratinocytes [9–17]. Applied in vitro as treatment, anthocyanins have exhibited multiple
antiproliferative and anticarcinogenic effects [18, 19]. The antioxidant activity of anthocyanins is a great property and was demonstrated that their chemical structure seems to be
responsible for that [20–23].

2. Chemical structure of anthocyanins
Anthocyanins occur naturally in fruits and vegetables as glycosides, having one or more
sugar attached to an aglycone nucleus (anthocyanidin). Their aglycones share a C6-C3-C6
carbon skeleton, characterized by the presence of two benzyl rings (A and B) and a heterocyclic ring (C) [24].

Figure 1. Chemical structure of the six most common anthocyanidins.
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According to hydroxylation and methylations on the different positions of the rings, there
are close to 25 different aglycones [25]. They exist in natural products, mainly in a form combined with glucose, galactose, and rhamnose, the more common sugar moieties attached
to the aglycone but others sugars are also frequently found, and can be divided into at
least six common types, such as pelargonidin, cyanidin, delphinidin, peonidin, petunidin,
and malvidin, according to the different substituent groups on flavylium B-ring (Figure 1)
[26, 27]. The sugars attached to the aglycone may in turn be further linked to other sugars
through glyosidic bonds or acylated with organic aromatic or aliphatic acids [28]. One of
the most striking properties linked to their chemical structure is that their color changes
depending on the pH. They are natural pH indicators; they appear pink at low pH, purple
in neutral conditions, and greenish-yellow in basics but the most stable form dominates at
low pH [26].

3. Anthocyanins’ potential health benefits
Since we consume a great amount of fruits, the daily intake of anthocyanins is highly variable
and dependent on eating habits. Residents of the United States consume about 12.5 mg/day
while in Europe, a highest consumption was found in Italy, about 64.9 mg/day [29, 30]. Many
studies have suggested that anthocyanins have antioxidant, anti-inflammatory, and anticarcinogenic properties and lower the risk of cardiovascular disease, diabetes, arthritis, and
cancer due, at least in part, to their antioxidant and anti-inflammatory activities (Figure 2)
[19, 26, 31, 32].

Figure 2. Anticancer properties of anthocyanins.
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Reactive oxygen species (ROS) are produced by all aerobic cells and are important to the
immune system, cell signaling, and many other normal body functions. They can elicit cellular damage, leading to degenerative diseases such as inflammation, cardiovascular disease,
cancer, and aging if ROS are excessively produced [33–35]. As we mention previously, anthocyanins are potent antioxidants and their effectiveness has been tested in vitro and in vivo.
They quench free radicals and terminate the chain reaction that is responsible for the oxidative damage. Because of the pH in the human body, their antioxidant activity at a neutral pH
has a particular importance [36]. To assess the in vivo antioxidant activity of anthocyanins,
an anthocyanin mixture was administered to mice/rats that were subjected to psychological
stress [37, 38]. It was noticed that anthocyanins have similar antioxidant potency as vitamin E
(α-tocopherol). Dietary anthocyanins have the potential to increase serum antioxidant capacity and thereby protect against LDL oxidation and prevent cardiovascular diseases as demonstrated in a human trial [39]. Deposits oxidized cholesterol into the artery wall can lead to
atherosclerosis and eventually cardiovascular diseases [40]. Several studies have shown that
anthocyanins have anti-obesity effect on high-fat diets and consequently may contribute to
the prevention of type 2 diabetes. One of the studies demonstrates that black soybean anthocyanins were found to effectively reverse the weight gain of high-fat diet group rats [41].
Moreover, a number of different reports indicate that consumption of fruits and vegetables,
especially rich in polyphenols, decrease the incidence of type-2 diabetes, a condition associated with insulin resistance [42, 43]. Nevertheless, evidence in the use of anthocyanins to
improve night vision was also revealed in other scientific articles [44, 45].

4. Anticancer properties of anthocyanins
The uncontrolled growth of cells which can invade and spread to distant sites of the body is
a global health problem, called cancer, with high mortality. Prevention and routine monitoring are critical to early and accurate diagnosis. Most therapeutic options do not offer cure
but rather a deceleration of cancer progression. They not only aim at life extension and the
improvement of patients’ life quality but also often they have multiple side effects. In recent
years, fruit and vegetables, including soft fruits such as berries, may represent a valid alternative than drugs with undesirable side and adverse effects, because of their chemopreventive
or chemotherapeutic properties against certain diseases, such as cancer. Recent studies on the
cancer preventative activities of the anthocyanins include results from in vitro cell culture and
in vivo animal model tumor systems, as well as data from human epidemiological studies.
Cancer cells differ from normal cells by a number of characteristics, thus being different in
morphology and function. Anthocyanins can attack cancer cells due to these differences and
cause a number of effects. A significant characteristic of cancer cells is their uncontrolled cell
cycle, which leads to continuous division and proliferation. Pure anthocyanins and anthocyanin-rich extracts have demonstrated to inhibit cell proliferation by the ability of anthocyanins to block various stages of the cell cycle [46, 47]. Moreover, they can selectively inhibit
the proliferation of cancer cells, but have little influence on the proliferation of normal cells
[48, 49]. Anthocyanins have demonstrated to induce the apoptosis of cancer cells through the
internal mitochondrial pathway and the external death receptor pathway. Usually, apoptosis,
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the programed cell death, in tumor cells is not present; therefore, dead cells cannot be eliminated normally. Cancer cells have deregulated several genes to avoid the apoptosis, such as
p53, and these cells have high resistance to death compared with normal cells. In the intrinsic
pathway, cytochrome c release and modulation of caspase-dependent anti- and proapoptotic
proteins appear as an increase in mitochondrial membrane potential, because of anthocyanin treatment on cancer cells. In the extrinsic pathway, the expression of FAS and FASL is
modulated by anthocyanins resulting apoptosis in cancer cells [50–52]. Lately, anthocyanins
have been shown to suppress angiogenesis through several mechanisms such as: inhibition
of H2O2 and tumor necrosis factor alpha (TNF-α)-induced VEGF expression in epidermal
keratinocytes and by reducing VEGF and VEGF receptor expression in endothelial cells [53].
Angiogenesis is the physiological process of forming new blood vessels from the existing
vascular network for the growth and metastasis of malignant tumors. The process of angiogenesis is controlled by multiple cytokines, of which the most important factor is vascular
endothelial growth factor (VEGF); therefore, inhibiting the receptor of angiogenesis vascular
endothelial growth factor receptor (VEGFR) could inhibit the metastasis of tumors effectively
[18]. Anthocyanins were found to inhibit cancer cell invasion by reducing the expression of
matrix metalloproteinase (MMP) and urokinase plasminogen activator (u-PA), both of which
degrade extracellular matrix as part of the invasive process and, by stimulating the expression of inhibitors, both of which counteract the action of MMP and uPA [54]. There are two
main aspects of cancer cells that threaten patient’s health and life: invasion and metastasis.
Successful tumor cell extravasation is successful by facilitating degradation of the extracellular matrix barriers. The balance of activated proteases and their naturally occurring inhibitors
determine the degradation of the basement membrane [55].

5. In vivo studies
In carcinogen-treated animals and also animals with a hereditary predisposition to cancer,
anthocyanins have been shown to inhibit the development of cancer. Moreover, they have
been proven effective in: esophageal cancer, colon cancer, skin cancer, and lung cancer. After
treatment, administration in different forms, such as anthocyanin-rich tart cherry extract,
black raspberry powder, lyophilized black raspberries or ethanol: H2O extract from berries,
certain effects, were observed. All diets were equally effective in preventing the development
of tumors, reducing tumor numbers by 42–47%, suggesting that anthocyanins in the fruits are
important for their chemopreventive activity. A small summary of several types of cancer will
be discussed further.
5.1. Colon cancer
Colon cancer is one of the most prevalent diseases across the world. In the United States, colon
cancer is the second most prevalent cause of death from cancer in men and women after lung
cancer, with approximately 50,310 causes of death [56]. In Europe, colorectal cancer is the
second most common cancer, with 50,000 new cases diagnosed in 2012 [57]. The development
of colon cancer is associated with high alcohol consumption, high-fat diet poor in fiber, red
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meat, obesity, smoking, lack of physical exercise, diabetes, inflammatory bowel disease, and
some genetic and epigenetic alterations as: microsatellite instability, chromosomal instability,
mutation of p53 gene is one of the familiar genetic changes in the development of colon cancer,
and several others [58]. A very recent study published in 2017, used a mouse model, which
treated them comparatively with azoxymethan (AOM)/dextran sodium sulfate (DSS) and
anthocyanin-rich extract from bilberries for colon cancer development [59]. The anthocyanin
extract administered to mice resulted in less inflammation of the colon and a reduced number
of tumors than the control group. The formation and the growth of colorectal cancer in AOM/
DSS-treated Balb/c mice were prevented by anthocyanins. Another in vivo study investigated
the chemopreventive activity of commercially available anthocyanin-rich extracts of bilberry,
chokeberry, and grape prepared for the food industry [60] Colon cancer male rats treated
with a colon carcinogen, azoxymethane, had multiple biomarkers investigated such as: the
number and multiplicity of colonic aberrant crypt foci, colonic cell proliferation, urinary levels of oxidative DNA damage, and expression of cyclooxygenase (COX) genes. Compared to
the control group, rats fed with different extracts showed several changes. In rats fed with
bilberry, chokeberry, and grape extracts, the number of large aberrant crypt foci was reduced.
The bilberry and chokeberry diet decreased the colonic cellular proliferation, and the grape
and bilberry diets had lower COX-2 mRNA expression of gene. These results clearly support
the chemopreventive activity of tested extracts.
5.2. Breast cancer
Breast cancer is the second most common cause of cancer-associated mortalities in women.
The American Cancer Society estimated that 60,290 new cases of breast carcinoma in situ were
expected to be diagnosed among women in the United States during 2015 [61]. Understanding
the biology of the human epidermal growth factor receptor 2 (HER2) helps with the classification, prognosis, and treatment of breast cancer because of the overexpression of HER2
identified in 15–20% cases. HER2 is involved in proliferation, angiogenesis, invasion, and
metastasis [62]. A group of scientists have used injection of cyaniding-3-glucoside and
peonidin-3-glucoside to evaluate the effect on the tumors of the rats used in the experiments
[63]. Compared with the control group, the tumors treated with cyanidin-3-glucoside and
peonidin-3-glucoside expressed lower levels of HER2 as well as Ki67, a proliferation marker,
demonstrated with histopathological studies. Also, the treated tumors expressed higher levels of caspase 3, showing the apoptotic effect of the treatment. A recent published study [64]
evaluated the cytotoxicity of an anthocyanin-rich extract from black rice (AEBR) on breast
cancer cells in vitro and in vivo. This study demonstrated that black rice extract has promising
roles against breast cancer. The oral administration of anthocyanin-rich extract from black rice
(100 mg/kg/day) on nude mice bearing MDAMB-453 cell xenografts, significantly suppressed
tumor growth and angiogenesis, as well as antagonized VEGF activity.
5.3. Lung cancer
Lung cancer emerged as the most common cancer worldwide, with 1.8 million new cases
in 2012 [57]. The treatment and prevention for lung cancer remains scarce, comparing too
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many other types of cancer (e.g., breast and prostate). Also, there are no standard practices
for the prevention of lung cancer recurrence and metastasis, so there is a great need for some
unconventional, user-friendly approaches to improve the treatment and prevent or delay
the recurrent lung disease. A recent study published in 2016, investigated the tumor inhibitory activity of diet supplemented with blackberry, alone and in combination with black
raspberry, against lung tumor xenograft using nude mice [65]. Their findings indicated that
the mixture of blackberry and black raspberry resulted in higher inhibition of tumor growth
vs. blackberry alone. Also, the combination between delphinidin (bioactive in blackberries)
and punicalagin (bioactive in black raspberry, which gets converted to ellagic acid in vivo)
determined a higher tumor growth inhibition than delphinidin alone. In another study, two
bioactive compounds, peonidin 3-glucoside and cyanidin 3-glucoside, were isolated and
identified the from Oryza sativa L. Moreover, those compounds were used to treat various
cancer cells. They have demonstrated the inhibition on the growth of Lewis lung carcinoma
cells in vivo [66].
5.4. Skin cancer
Malignant melanoma of skin accounted for 232,000 new cases, and the regions affected are
largely those with white populations [57]. Melanoma skin cancer originates in melanocytes,
specialized pigment-producing cells found in both the basal layer of the epidermis. Solar
UVB radiation has been implicated as the main cause for skin cancer [67]. Early diagnosis
is the key for curing this potentially deadly disease. Also prevention is playing a crucial
role in spotting melanomas at earlier and more curable stages [68]. Biochemotherapy,
the coadministration of traditional chemotherapeutic drugs and biological agents, show
a higher response rate for patients than classical treatments that are based only on chemotherapy alone [69–72]. Most anticancer treatments are derived from natural resources
such as marine, microbial, and botanical sources [72]. Natural supplements, a rich diet in
antioxidants used as a complementary medication, become a common field of research
in order to develop new products originating from natural sources with antioxidant and
chemopreventive properties. The ability of anthocyanins to influence parameters of skin
tumor development on mice was demonstrated in various studies. SKH-1 hairless mouse
was used in order to investigate the photo-chemopreventive effect of delphinidin on UVBinduced biomarkers of skin cancer development [17]. After the treatment, the results suggest that delphinidin inhibited UVB-mediated oxidative stress and reduced DNA damage,
thereby protecting the cells from UVB-induced apoptosis. The antitumor activity of the
anthocyanins extract from Fructus Sorbi aucupariae on B-16 melanoma in C57BI/6 mice was
also demonstrated [73]. The study revealed an increase in the counts of stromal progenitor
cells in the tumor node and their accelerated maturation. The potentiation of the antimetastatic activity of the cytostatic was demonstrated as well. The inhibitory effects of mulberry
anthocyanins on the metastasis of B16-F1 cells under noncytotoxic concentrations were
investigated. The findings of the study have demonstrated that mulberry anthocyanins
have strong anticancer effects by inhibiting the metastasis ability of B16-F1 cells. Further
investigations revealed that the antimetastatic effect of these compounds was also evident
in a C57BL/6 mice model.
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5.5. Prostate cancer
Prostate cancer is the most common malignancy in men and affects most men over the age of
50 and also presents one of the main causes of mortality. For the in vivo study, athymic nude
mice are used. To highlight the effects of anthocyanins on tumor growth in vivo, DH145 tumor
xenograft have been established in these mice. The group of animals treated with anthocyanins received an oral dose of 8 mg/kg per day. The effects of treatment were analyzed every 4
weeks. In the first 4 weeks after incubation, the difference between the control and the treated
group was insignificant. In the second set of analyses (8 weeks), the difference between the
groups was very clear, the control group tumors being much bigger. These differences were
observed until the end of the experiment, demonstrating the ability of anthocyanins to reduce
tumor growth [74]. Another study has found that delphinidin is effective in vitro on PC3 cells
and has determined whether these results are also visible in in vivo models. The delphinidin
doses were not toxic to the animals because they did not lose weight and did not affect the
amount of food they consumed. After measurements for 12 weeks, the differences between
the tumors of the two groups (control and treated) each week were significant, suggesting an
antiangiogenic effect on tumor cells. At the end of the experiment, tumors were extirpated and
analyzed, where effects similar to in vitro studies were observed [75].
5.6. Leukemia
Acute myeloid leukemia is a hematological malignancy that has numerous causes such as
chromosomal abnormalities and various gene mutations. Fifty years ago, this type of cancer
was incurable, but now around 35–40% of the cases is treatable [85]. Mice Balc/c has been
used to identify in vivo benefits of mulberry anthocyanins. Leukemia mice treated with anthocyanins had a higher survival rate than the untreated ones, this survival being correlated
with the concentration of treatment. All leukemia-induced mice had the spleen and liver
measured at autopsy, indicating splenomegaly and hepatomegaly. The size of these organs
was significantly reduced for those treated compared to the control group. The organs were
evaluated histopathologically as well and again the treated group had less infiltrated tissue
with leukemic cells. Taken all this into consideration, we can say that mulberry anthocyanins
can improve or eliminate the leukemic mice disorder [86].

6. In vitro studies
6.1. Colon cancer
Based on the substitution pattern of anthocyanidins, a recent study reported that growth inhibition of HT29 cells (human colon cancer) was highly affected by delphinidin and malvidin,
while pelargonidin exhibited the lowest growth inhibitory potential. Moreover, same study
reported that malvidin could inhibit the activity of phosphodiesterase (PDE) and the hydrolysis of cAMP effectively in HT29 cells thereby inhibiting the MAPK signaling pathway [76].
Another research paper [77] investigated anthocyanin-rich extracts from grape (Vitis vinifera),
bilberry (Vaccinium myrtillus L.), and chokeberry (Aronia melanocarpa E.) for their potential
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chemopreventive activity against colon cancer. The growth of colon-cancer-derived HT-29
and nontumorigenic colonic NCM460 cell lines exposed to semipurified anthocyanin-rich
extracts (AREs) was monitored for up to 72 h. All extracts inhibited the growth of HT-29
cells, chokeberry extract being the most potent inhibitor. Most importantly, the growth of
NCM460 cells was not inhibited at lower concentrations of all three extracts, illustrating better
inhibition of colon cancer, as compared to nontumorigenic colon cells. Lately, another study
[78] investigated and observed the effects of extracts from five cultivars of strawberries on the
proliferation of colon cancer cells HT29 and breast cancer cells MCF-7. Using strawberry as a
source of anthocyanins, they demonstrated that strawberry extracts decreased the proliferation of two cell lines in a dose-dependent manner.
6.2. Breast cancer
Human epidermal growth factor 2 (HER2) is a member of the epidermal growth factor receptor family which is overexpressed in breast cancer, and to study the in vitro effect of anthocyanins, the cell lines in breast cancer are usually HER2 positive; unfortunately, there are many
other types of breast cancer that occur due to other causes. Regarding potential chemopreventive effects of anthocyanins, recently, it was demonstrated that black rice anthocyanins reduce
the adhesion, migration, and invasion of HER2 MDA-MB-453 cells. The morphology of these
cells was significantly altered, moving from a mesenchymal to an epithelial state. The western blot analysis shows an increase of the epithelial marker, E-cadherin, and decreased the
expression of the mesenchymal markers, fibronectin and vimentin; this shows the effect that
BRAC has on epithelial mesenchymal transition (EMT). EMT is a process by which epithelial
cells lose their cell polarity and cell-cell adhesion, and gain migratory and invasive properties
which occurs in the initiation of metastasis in cancer progression [4]. An important role in
the metastasis of MDA-MB-453 cells is the focal adhesion kinase (FAK)-signaling pathway.
FAK promotes the increased expression of transcription factors associated with EMT. The
cells used in certain analysis were treated with Y15 (FAK inhibitor) that inhibits the autophosphorylation site of FAK. The study shows that BRAC has a similar effect to Y15, and also
BRAC decreases the activation and transduction of FAK signaling [79].
6.3. Lung cancer
Inhibitory effect of anthocyanins on the migration and invasion of lung cancer was also studied. A previous study reported that glycosylated cyanidins isolated from mulberry exerted a
dose-dependent inhibitory effect on the migration and invasion of metastatic A549 human lung
carcinoma cells. Their results showed that the applied treatments could decrease the expressions of matrix matalloprotinase-2 (MMP-2) and urokinase plasminogen activator (u-PA) in a
dose-dependent manner and also enhance the expression of tissue inhibitor of matrix matalloprotinase-2 (TIMP-2) and plasminogen activator inhibitor (PAI). Moreover, Western blot analysis
revealed that anthocyanins treatment to A549 cells inhibited the activation of c-Jun (p48) and
NF-kB (p65). Further, another study using anthocyanins from fruits of Vitis coignetiae Pulliat
(AIMs) reported their anticancer effects on lung cancer cells. AIMs inhibited the growth; migration and invasion of A549 cells; and also some proteins involved with cancer effects are inhibited. AIMs suppressed MMP-2 (gelatinase-A) and MMP-9 (gelatinase-B), both involved in the
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proteolytic digestion of the ECM (extracellular matrix) and cell migration through the basement
membranes to reach the circulatory system. Through the immunoblotting results, a large number of proteins have been demonstrated to be suppressed by AIMs. A couple of these proteins are
involved in cancer proliferation (COX-2, cyclin D1), migration and invasion (MMP-2, MMP-9),
as mentioned before, anti-apoptosis (XIAP), adhesion, and angiogenesis (VEGF). However, they
were not able to identify in which signaling pathway is AIMs mainly involved. This study identifies that AIMs might have anticancer effects on human lung cancer [80].
6.4. Skin cancer
Several studies have demonstrated that flavonoids are one of the candidates for prevention
of the adverse effects of UV radiation due to their UV absorbing property, and antioxidant
properties. In this context, a published study revealed that grape seed proanthocyanidins
(GSP) inhibits cell growth, induces G1-phase arrest, promotes apoptosis in human epidermoid carcinoma A431 cells through alterations in Cdki-Cdk-cyclin cascade, and caspase-3
activation via loss of mitochondrial membrane potential [81]. Many other studies have also
proved the antiproliferative and proapoptotic effects of anthocyanins on melanoma or others
skin diseases [82–84]. Our latest published revealed that anthocyanins may inhibit melanoma
cell proliferation, increase the level of oxidative stress, and diminished mitochondrial membrane potential [84].
6.5. Prostate cancer
Cyanidin-3-O-β-glucopyranoside (C3G) is well known to be found in a lot of anthocyaninrich fruits, like berries. To study its effect on cancer, two cells lines were used, LnCap and
DU145. These cell lines were chosen because DU145 is a tumor cell line androgen-independent and LnCap is androgen-dependent. Androgen-dependent prostate cancer is characterized by the absence of the androgen receptor due to promoter methylation. In this case, the
treatment is based on hormone elimination, yet other approaches are needed if the amount
of hormones does not affect the development of cancer [79]. C3G causes a decrease in cell
viability in both cell lines, and apoptosis is also induced, DU145 being more responsive in
this aspect. The positive effect of treatment is demonstrated by the activation of caspase 3
and a significant increase in expression of p21 protein, evidence that cells undergo apoptosis [80]. Another study focuses on proteins that indicate the presence of apoptosis such
as p53 and Bax. P53, or “the guardian of the genome” is a suppressor tumor protein that
initiates apoptosis in degraded DNA cells, and Bax is a pro-apoptotic protein of the Bcl-2
family [81].
6.6. Leukemia
An bilberry extract (Antho 50) was used to determine its effect on Jurkat cells. The main
interest of this study is the result of Antho 50 on certain proteins, polycomb group (PcG),
which are epigenetic regulators. These proteins reduce the expression of suppressor tumor
genes, promoting the survival of tumor cells [81]. The aim is to see if the extract is able to
inhibit these PcG proteins. The extract was able to downregulate the PcG and related proteins
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and induces apoptosis. All these events have an effect on the intracellular ROS formation,
causing an increase, resulting in the death of tumor cells [82]. In another study, delphinidin
and cyanidin, two major compounds in Hibiscus sabdariffa, were investigated. They are able to
induce cell cycle arrest in human leukemia cell line HL-60. This effect occurs because of their
action on signaling pathways whose role is to induce cell cycle arrest. This indicates promising anticarcinogenic effects [83].

7. Conclusions
Interests in anthocyanins have increased substantially during the past two decades. In this
review, we discussed at what level anthocyanins act when talking about anticancer effects.
In vitro, we saw that anthocyanins affect: the proliferation of the cancer cells, inhibiting of
the ability of cancer cells to divide uncontrollably, the induction of apoptosis, the process of
angiogenesis where tumors form new blood vessels, and the cancer cells invasion through
healthy tissue. Also, a few of the in vivo studies demonstrate that dietary anthocyanins inhibit
the growth of different types of tumors, angiogenesis, and show apoptotic effect against the
cancer cells. It remains to be determined whether the anticancer activity of anthocyanins is
due to anthocyanins or their metabolites.
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Abbreviations
ROS

reactive oxygen species

PDE

phosphodiesterase

ARE

anthocyanin-rich extract
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LC-MC

chromatography: liquid chromatography-mass spectrometry

VEGF

vascular endothelial growth factor

VEGFR

vascular endothelial growth factor receptor

TNF-α

tumor necrosis factor alpha

MMP

matrix metalloproteinase

u-PA

urokinase plasminogen activator

AOM

azoxymethan

DSS

dextran sodium sulfate

COX

cyclooxygenase

HER2

human epidermal growth factor receptor 2

UVB

ultraviolet B

BRAC

black rice anthocyanins

EMT

epithelial mesenchymal transition

FAK

focal adhesion kinase

Y15

FAK inhibitor

AIMs

anthocyanins from fruits of Vitis coignetiae Pulliat

ECM

extracellular matrix

GSP

grape seed proanthocyanidins

C3G

cyaniding-3-O-β-glucopyranoside

Antho 50

bilberry extract

PcG

polycomb group

MAC

mulberry anthocyanins

Author details
Zorița M. Diaconeasa*, Alexandra D. Frond, Ioana Ştirbu, Dumitrița Ruginǎ and
Carmen Socaciu
*Address all correspondence to: zorita.sconta@usamvcluj.ro
University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, Romania

Anthocyanins-Smart Molecules for Cancer Prevention
http://dx.doi.org/10.5772/intechopen.79613

References
[1] Lev-Yadun S, Gould KS. Role of anthocyanins in plant defence. In: Winefield C, Davies K,
Gould K, editors. Anthocyanins: Biosynthesis, Functions, and Applications. New York,
NY: Springer; 2009. pp. 22-28
[2] Chalker-Scott L. Environmental significance of anthocyanins in plant stress responses.
Photochemistry and Photobiology. 1999;70:1-9
[3] Gould KS. Nature’s swiss army knife: The diverse protective roles of anthocyanins in
leaves. Journal of Biomedicine and Biotechnology. 2004;2004:314-320
[4] Heerboth S, Housman G, Leary M, Longacre M, Byler S, Lapinska K, Willbanks A, Sarkar
S. Emt and tumor metastasis. Clinical and Translational Medicine. 2015;4:6
[5] Wink M. Plant breeding: Importance of plant secondary metabolites for protection
against pathogens and herbivores. Theoretical and Applied Genetics. 1988;75:225-233
[6] Falcone Ferreyra ML, Rius SP, Casati P. Flavonoids: Biosynthesis, biological functions,
and biotechnological applications. Frontiers in Plant Science. 2012;3:222
[7] Mason JR, Bullard RW, Dolbeer RA, Woronecki PP. Red-winged blackbird (Agelaius
phoeniceus L). Feeding response to oil and anthocyanin levels in sunflower meal. Crop
Protection. 1989;8:455-460
[8] Saito N, Harborne JB. Correlations between anthocyanin type, pollinator and flower
colour in the labiatae. Phytochemistry. 1992;31:3009-3015
[9] Renis M, Calandra L, Scifo C, Tomasello B, Cardile V, Vanella L, Bei R, La Fauci L,
Galvano F. Response of cell cycle/stress-related protein expression and DNA damage
upon treatment of CaCo2 cells with anthocyanins, The British Journal of Nutrition.
2008;100:27-35
[10] Parry J, Su L, Moore J, Cheng Z, Luther M, Rao JN, Wang JY, Yu LL. Chemical compositions, antioxidant capacities, and antiproliferative activities of selected fruit seed flours.
Journal of Agricultural and Food Chemistry. 2006;54:3773-3778
[11] Roy S, Khanna S, Alessio HM, Vider J, Bagchi D, Bagchi M, Sen CK. Anti-angiogenic
property of edible berries. Free Radical Research. 2002;36:1023-1031
[12] Shin DY, Lee WS, Kim SH, Kim MJ, Yun JW, Lu JN, Lee SJ, Tsoy I, Kim HJ, Ryu CH, et al.
Anti-invasive activity of anthocyanins isolated from vitis coignetiae in human hepatocarcinoma cells. Journal of Medicinal Food. 2009;12:967-972
[13] Takikawa M, Inoue S, Horio F, Tsuda T. Dietary anthocyanin-rich bilberry extract ameliorates hyperglycemia and insulin sensitivity via activation of amp-activated protein
kinase in diabetic mice. The Journal of Nutrition. 2010;140:527-533
[14] Singletary KW, Jung KJ, Giusti M. Anthocyanin-rich grape extract blocks breast cell
DNA damage. Journal of Medicinal Food. 2007;10:244-251

87

88

Phytochemicals - Source of Antioxidants and Role in Disease Prevention

[15] Olsson ME, Gustavsson KE, Andersson S, Nilsson A, Duan RD. Inhibition of cancer cell
proliferation in vitro by fruit and berry extracts and correlations with antioxidant levels.
Journal of Agricultural and Food Chemistry. 2004;52:7264-7271
[16] Del Pozo-Insfran D, Percival SS, Talcott ST. Acai (Euterpe oleracea Mart.) polyphenolics in
their glycoside and aglycone forms induce apoptosis of hl-60 leukemia cells. Journal of
Agricultural and Food Chemistry. 2006;54:1222-1229
[17] Afaq F, Syed DN, Malik A, Hadi N, Sarfaraz S, Kweon MH, Khan N, Zaid MA, Mukhtar
H. Delphinidin, an anthocyanidin in pigmented fruits and vegetables, protects human
hacat keratinocytes and mouse skin against uvb-mediated oxidative stress and apoptosis. The Journal of Investigative Dermatology. 2007;127:222-232
[18] Chen X-Y, Zhou J, Luo L-P, Han B, Li F, Chen J-Y, Zhu Y-F, Chen W, Yu X-P. Black
rice anthocyanins suppress metastasis of breast cancer cells by targeting ras/raf/mapk
pathway. BioMed Research International. 2015;2015:11
[19] Diaconeasa Z, Ayvaz H, Rugina D, Leopold L, Stanila A, Socaciu C, Tabaran F, Luput L,
Mada DC, Pintea A, et al. Melanoma inhibition by anthocyanins is associated with the
reduction of oxidative stress biomarkers and changes in mitochondrial membrane potential. Plant Foods for Human Nutrition (Dordrecht, The Netherlands). 2017;72:404-410
[20] Yi L, Chen C-Y, Jin X, Mi M-T, Yu B, Chang H, Ling W-H, Zhang T. Structural requirements of anthocyanins in relation to inhibition of endothelial injury induced by oxidized
low-density lipoprotein and correlation with radical scavenging activity. FEBS Letters.
2010;584:583-590
[21] Glover BJ, Martin C. Anthocyanins. Current Biology. 2012;22:R147-R150
[22] Chen Y, Zheng R, Jia Z, Ju Y. Flavonoids as superoxide scavengers and antioxidants. Free
Radical Biology and Medicine. 1990;9:19-21
[23] Wang LS, Stoner GD. Anthocyanins and their role in cancer prevention. Cancer Letters.
2008;269:281-290
[24] Harborne JB. Phenolic compounds. In: Harborne JB, editor. Phytochemical Methods—A
Guide to Modern Techniques of Plant Analysis. 3rd ed. New York: Chapman & Hall;
1998. pp. 66-74
[25] Andersen OM, Jordheim M. The anthocyanins. In: Andersen OM , Markham KR, editors. Flavonoids: Chemistry, Biochemistry and Applications. Boca Raton, FL: CRC Press;
2006. pp. 471-552
[26] He J, Giusti MM. Anthocyanins: Natural colorants with health-promoting properties.
Annual Review of Food Science and Technology. 2010;1:163-187
[27] Tsao R. Chemistry and biochemistry of dietary polyphenols. Nutrients. 2010;2:1231-1246
[28] Schwartz SJ, von Elbe JH, and Giusti MM. Colorants. In: Damodaran S, Parkin K,
Fennema OR, editors. Fennema’s Food Chemistry. 4th ed. Boca Raton, FL: CRC Press/
Taylor and Francis, Inc.; 2008. pp. 571-638

Anthocyanins-Smart Molecules for Cancer Prevention
http://dx.doi.org/10.5772/intechopen.79613

[29] Wu X, Beecher GR, Holden JM, Haytowitz DB, Gebhardt SE, Prior RL. Concentrations of
anthocyanins in common foods in the United States and estimation of normal consumption. Journal of Agricultural and Food Chemistry. 2006;54:4069-4075
[30] Zamora-Ros R, Knaze V, Lujan-Barroso L, Slimani N, Romieu I, Touillaud M, Kaaks R,
Teucher B, Mattiello A, Grioni S, et al. Estimation of the intake of anthocyanidins and
their food sources in the european prospective investigation into cancer and nutrition
(epic) study. The British Journal of Nutrition. 2011;106:1090-1099
[31] Prior RL, Wu X. Anthocyanins: Structural characteristics that result in unique metabolic
patterns and biological activities. Free Radical Research. 2006;40:1014-1028
[32] Gerardi C, Frassinetti S, Caltavuturo L, Leone A, Lecci R, Calabriso N, Carluccio MA,
Blando F, Mita G. Anti-proliferative, anti-inflammatory and anti-mutagenic activities of a Prunus mahaleb L. anthocyanin-rich fruit extract. Journal of Functional Foods.
2016;27:537-548
[33] Allen RG, Tresini M. Oxidative stress and gene regulation. Free Radical Biology &
Medicine. 2000;28:463-499
[34] Rugina D, Hanganu D, Diaconeasa Z, Tabaran F, Coman C, Leopold L, Bunea A, Pintea
A. Antiproliferative and apoptotic potential of cyanidin-based anthocyanins on melanoma cells. International Journal of Molecular Sciences. 2017;18(5):949
[35] Rugina D, Diaconeasa Z, Coman C, Bunea A, Socaciu C, Pintea A. Chokeberry anthocyanin extract as pancreatic β-cell protectors in two models of induced oxidative stress.
Oxidative Medicine and Cellular Longevity. 2015;2015:10
[36] Wang H, Cao G, Prior RL. Oxygen radical absorbing capacity of anthocyanins. Journal of
Agricultural and Food Chemistry. 1997;45:304-309
[37] Rahman MM, Ichiyanagi T, Komiyama T, Sato S, Konishi T. Effects of anthocyanins on
psychological stress-induced oxidative stress and neurotransmitter status. Journal of
Agricultural and Food Chemistry. 2008;56:7545-7550
[38] Ramirez-Tortosa C, Andersen OM, Cabrita L, Gardner PT, Morrice PC, Wood SG, Duthie
SJ, Collins AR, Duthie GG. Anthocyanin-rich extract decreases indices of lipid peroxidation and DNA damage in vitamin e-depleted rats. Free Radical Biology & Medicine.
2001;31:1033-1037
[39] Day AP, Kemp HJ, Bolton C, Hartog M, Stansbie D. Effect of concentrated red grape
juice consumption on serum antioxidant capacity and low-density lipoprotein oxidation. Annals of Nutrition & Metabolism. 1997;41:353-357
[40] Aviram M. Review of human studies on oxidative damage and antioxidant protection
related to cardiovascular diseases. Free Radical Research. 2000;33(Suppl):S85-S97
[41] Kwon SH, Ahn IS, Kim SO, Kong CS, Chung HY, Do MS, Park KY. Anti-obesity and
hypolipidemic effects of black soybean anthocyanins. Journal of Medicinal Food. 2007;
10:552-556

89

90

Phytochemicals - Source of Antioxidants and Role in Disease Prevention

[42] Anderson RA, Broadhurst CL, Polansky MM, Schmidt WF, Khan A, Flanagan VP,
Schoene NW, Graves DJ. Isolation and characterization of polyphenol type-a polymers
from cinnamon with insulin-like biological activity. Journal of Agricultural and Food
Chemistry. 2004;52:65-70
[43] Landrault N, Poucheret P, Azay J, Krosniak M, Gasc F, Jenin C, Cros G, Teissedre
PL. Effect of a polyphenols-enriched chardonnay white wine in diabetic rats. Journal of
Agricultural and Food Chemistry. 2003;51:311-318
[44] Zadok D, Levy Y, Glovinsky Y. The effect of anthocyanosides in a multiple oral dose on
night vision. Eye. 1999;13:734
[45] Muth ER, Laurent JM, Jasper P. The effect of bilberry nutritional supplementation on
night visual acuity and contrast sensitivity. Alternative Medicine Review: A Journal of
Clinical Therapeutic. 2000;5:164-173
[46] Rugina D, Sconta Z, Leopold L, Pintea A, Bunea A, Socaciu C. Antioxidant activities of
chokeberry extracts and the cytotoxic action of their anthocyanin fraction on hela human
cervical tumor cells. Journal of Medicinal Food. 2012;15:700-706
[47] Diaconeasa Z, Leopold L, Rugină D, Ayvaz H, Socaciu C. Antiproliferative and antioxidant properties of anthocyanin rich extracts from blueberry and blackcurrant juice.
International Journal of Molecular Sciences. 2015;16:2352-2365
[48] Malik M, Zhao C, Schoene N, Guisti MM, Moyer MP, Magnuson BA. Anthocyanin-rich
extract from aronia meloncarpa e induces a cell cycle block in colon cancer but not normal colonic cells. Nutrition and Cancer. 2003;46:186-196
[49] Wang L-S, Stoner GD. Anthocyanins and their role in cancer prevention. Cancer Letters.
2008;269:281-290
[50] Reddivari L, Vanamala J, Chintharlapalli S, Safe SH, Miller Jr JC. Anthocyanin fraction
from potato extracts is cytotoxic to prostate cancer cells through activation of caspasedependent and caspase-independent pathways. Carcinogenesis. 2007;28:2227-2235
[51] Chang YC, Huang HP, Hsu JD, Yang SF, Wang CJ. Hibiscus anthocyanins rich extractinduced apoptotic cell death in human promyelocytic leukemia cells. Toxicology and
Applied Pharmacology. 2005;205:201-212
[52] Hientz K, Mohr A, Bhakta-Guha D, Efferth T. The role of p53 in cancer drug resistance
and targeted chemotherapy. Oncotarget. 2017;8:8921-8946
[53] Bagchi D, Sen CK, Bagchi M, Atalay M. Anti-angiogenic, antioxidant, and anti-carcinogenic properties of a novel anthocyanin-rich berry extract formula. Biochemistry.
Biokhimiia. 2004;69:75-80. (71 p preceding 75)
[54] Lamy S, Lafleur R, Bedard V, Moghrabi A, Barrette S, Gingras D, Beliveau R. Anthocyanidins inhibit migration of glioblastoma cells: Structure-activity relationship and involvement of the plasminolytic system. Journal of Cellular Biochemistry. 2007;100:100-111

Anthocyanins-Smart Molecules for Cancer Prevention
http://dx.doi.org/10.5772/intechopen.79613

[55] Brandstetter H, Grams F, Glitz D, Lang A, Huber R, Bode W, Krell HW, Engh RA. The
1.8-a crystal structure of a matrix metalloproteinase 8-barbiturate inhibitor complex
reveals a previously unobserved mechanism for collagenase substrate recognition. The
Journal of Biological Chemistry. 2001;276:17405-17412
[56] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA: A Cancer Journal for Clinicians.
2018;68:7-30
[57] Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman
D, Bray F. Cancer incidence and mortality worldwide: Sources, methods and major patterns in globocan 2012. International Journal of Cancer. 2015;136:E359-E386
[58] Afrin S, Giampieri F, Gasparrini M, Forbes-Hernandez TY, Varela-Lopez A, Quiles JL,
Mezzetti B, Battino M. Chemopreventive and therapeutic effects of edible berries: A
focus on colon cancer prevention and treatment. Molecules (Basel, Switzerland). 2016;
21:169
[59] Lippert E, Ruemmele P, Obermeier F, Goelder S, Kunst C, Rogler G, Dunger N,
Messmann H, Hartmann A, Endlicher E. Anthocyanins prevent colorectal cancer development in a mouse model. Digestion. 2017;95:275-280
[60] Lala G, Malik M, Zhao C, He J, Kwon Y, Giusti MM, Magnuson BA. Anthocyanin-rich
extracts inhibit multiple biomarkers of colon cancer in rats. Nutrition and Cancer.
2006;54:84-93
[61] Cancer Facts & Figures American Cancer Society. Atlanta, GA. 2015
[62] Li X, Xu J, Tang X, Liu Y, Yu X, Wang Z, Liu W. Anthocyanins inhibit trastuzumabresistant breast cancer in vitro and in vivo. Molecular Medicine Reports. 2016;13:
4007-4013
[63] Liu W, Xu J, Liu Y, Yu X, Tang X, Wang Z, Li X. Anthocyanins potentiate the activity of
trastuzumab in human epidermal growth factor receptor 2-positive breast cancer cells
in vitro and in vivo. Molecular Medicine Reports. 2014;10:1921-1926
[64] Hui C, Bin Y, Xiaoping Y, Long Y, Chunye C, Mantian M, Wenhua L. Anticancer activities of an anthocyanin-rich extract from black rice against breast cancer cells in vitro and
in vivo. Nutrition and Cancer. 2010;62:1128-1136
[65] Farrukh Aqila JJ, Kausarb H, Munagalaa R, Singhd IP, Guptab R. Lung cancer inhibitory
activity of dietary berries and berry polyphenolics. Journal of Berry Research. 2016;62:
105-114
[66] Chen PN, Chu SC, Chiou HL, Chiang CL, Yang SF, Hsieh YS. Cyanidin 3-glucoside and
peonidin 3-glucoside inhibit tumor cell growth and induce apoptosis in vitro and suppress tumor growth in vivo. Nutrition and Cancer. 2005;53:232-243
[67] Hurst EA, Harbour JW, Cornelius LA. Ocular melanoma: A review and the relationship
to cutaneous melanoma. Archives of Dermatology. 2003;139:1067-1073
[68] Hirst NG, Gordon LG, Scuffham PA, Green AC. Lifetime cost-effectiveness of skin cancer
prevention through promotion of daily sunscreen use. Value in Health. 2012;15:261-268

91

92

Phytochemicals - Source of Antioxidants and Role in Disease Prevention

[69] Aquilato A, Lopez V, Doonan B, Hsieh T-C, Pinto JT, Wu E, Wu JM. Chapter 102
– Braf mutation in melanoma and dietary polyphenols as adjunctive treatment strategy. In: Polyphenols in Human Health and Disease. San Diego: Academic Press; 2014.
pp. 1353-1365
[70] Ives NJ, Stowe RL, Lorigan P, Wheatley K. Chemotherapy compared with biochemotherapy for the treatment of metastatic melanoma: A meta-analysis of 18 trials involving
2621 patients. Journal of Clinical Oncology: Official Journal of the American Society of
Clinical Oncology. 2007;25:5426-5434
[71] Siddiqui IA, Tarapore RS, Chamcheu JC, Mukhtar H. Bioactive Food Components
for Melanoma: An Overview, Skin Cancer Overview Yaguang Xi, IntechOpen, DOI:
10.5772/25830
[72] Chinembiri TN, du Plessis LH, Gerber M, Hamman JH, du Plessis J. Review of natural compounds for potential skin cancer treatment. Molecules (Basel, Switzerland).
2014;19:11679-11721
[73] Razina TG, Zueva EP, Ulrich AV, Rybalkina OY, Chaikovskii AV, Isaikina NV, Kalinkina
GI, Zhdanov VV, Zyuz’kov GN. Antitumor effects of Sorbus aucuparia L. extract highly
saturated with anthocyans and their mechanisms. Bulletin of Experimental Biology and
Medicine. 2016;162:93-97
[74] Ha US, Bae WJ, Kim SJ, Yoon BI, Hong SH, Lee JY, Hwang TK, Hwang SY, Wang Z,
Kim SW. Anthocyanin induces apoptosis of du-145 cells in vitro and inhibits xenograft
growth of prostate cancer. Yonsei Medical Journal. 2015;56:16-23
[75] Hafeez BB, Siddiqui IA, Asim M, Malik A, Afaq F, Adhami VM, Saleem M, Din M,
Mukhtar H. A dietary anthocyanidin delphinidin induces apoptosis of human prostate
cancer pc3 cells in vitro and in vivo: Involvement of nuclear factor-kappab signaling.
Cancer Research. 2008;68:8564-8572
[76] Marko D, Puppel N, Tjaden Z, Jakobs S, Pahlke G. The substitution pattern of anthocyanidins affects different cellular signaling cascades regulating cell proliferation. Molecular
Nutrition & Food Research. 2004;48:318-325
[77] Zhao C, Giusti MM, Malik M, Moyer MP, Magnuson BA. Effects of commercial anthocyanin-rich extracts on colonic cancer and nontumorigenic colonic cell growth. Journal of
Agricultural and Food Chemistry. 2004;52:6122-6128
[78] Olsson ME, Andersson CS, Oredsson S, Berglund RH, Gustavsson KE. Antioxidant levels and inhibition of cancer cell proliferation in vitro by extracts from organically and
conventionally cultivated strawberries. Journal of Agricultural and Food Chemistry.
2006;54:1248-1255
[79] Zhou J, Zhu Y-F, Chen X-Y, Han B, Li F, Chen J-Y, Peng X-L, Luo L-P, Chen W, Yu
X-P. Black rice-derived anthocyanins inhibit her-2-positive breast cancer epithelialmesenchymal transition-mediated metastasis in vitro by suppressing fak signaling.
International Journal of Molecular Medicine. 2017;40:1649-1656

Anthocyanins-Smart Molecules for Cancer Prevention
http://dx.doi.org/10.5772/intechopen.79613

[80] Lu JN, Panchanathan R, Lee WS, Kim HJ, Kim DH, Choi YH, Kim GS, Shin SC, Hong
SC. Anthocyanins from the fruit of vitis coignetiae pulliat inhibit tnf-augmented cancer proliferation, migration, and invasion in a549 cells. Asian Pacific Journal of Cancer
Prevention. 2017;18:2919-2923
[81] Meeran SM, Katiyar SK. Grape seed proanthocyanidins promote apoptosis in human
epidermoid carcinoma a431 cells through alterations in cdki-cdk-cyclin cascade, and
caspase-3 activation via loss of mitochondrial membrane potential. Experimental
Dermatology. 2007;16:405-415
[82] Rugină D, Hanganu D, Diaconeasa Z, Tăbăran F, Coman C, Leopold L, Bunea A, Pintea
A. Antiproliferative and apoptotic potential of cyanidin-based anthocyanins on melanoma cells. International Journal of Molecular Sciences. 2017;18:949
[83] Bunea A, Rugină D, Sconţa Z, Pop RM, Pintea A, Socaciu C, Tăbăran F, Grootaert C,
Struijs K, VanCamp J. Anthocyanin determination in blueberry extracts from various
cultivars and their antiproliferative and apoptotic properties in b16-f10 metastatic
murine melanoma cells. Phytochemistry. 2013;95:436-444
[84] Diaconeasa Z, Ayvaz H, Ruginǎ D, Leopold L, Stǎnilǎ A, Socaciu C, Tăbăran F, Luput L,
Mada DC, Pintea A. Melanoma inhibition by anthocyanins is associated with the reduction of oxidative stress biomarkers and changes in mitochondrial membrane potential.
Plant Foods for Human Nutrition. 2017;72:404
[85] Medinger M, Lengerke C, Passweg J. Novel therapeutic options in acute myeloid leukemia. Leukemia Research Reports. 2016;6:39-49
[86] Fan MJ, Yeh PH, Lin JP, Huang AC, Lien JC, Lin HY, & Chung JG. Anthocyanins from
black rice (Oryza sativa) promote immune responses in leukemia through enhancing
phagocytosis of macrophages in vivo. Experimental and Therapeutic Medicine. 2017;14(1):
59-64

93

