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Abstract
Anthocyanins are a category of water-soluble natural pigments that exist
widely in all kinds of vegetables, fruits, and seeds. In fact, the chemical nature of
anthocyanins is a group of compounds, and possesses antioxidant capacity like
flavonoids. Anthocyanins show antioxidant activity by scavenging free radicals,
activating antioxidant enzyme, and chelating metal ions. Anthocyanins, therefore, are recognized as one of the most effective natural antioxidant in the human
body. Anthocyanins for a variety of disease prevention and health care are closely
related to their strong antioxidant activity and scavenging free radical ability. The
present chapter reviewed anthocyanins eliminating free radicals for preventing
neoplasm, modulating antioxidant enzyme for preventing Alzheimer’s disease,
losing weight for preventing diabetes, regulating lipid metabolism for preventing cardiovascular disease, and inhibiting photoreceptor apoptosis for treating
xerophthalmia and for other diseases treated. In addition, some healthy food
added of anthocyanins was used as precaution for some diseases, else, there are
some cosmetics added with anthocyanins, including sunscreen, creams, mouthwash, and shampoo. Specific creams for characteristics of Chinese old people skin
in Chinese Company were developed and achieved anti-wrinkle and moisturizing
efficacy. Simultaneously, anthocyanins can also be as a food additive to lactic acid
milk, cakes, and other food.
Keywords: anthocyanins, antioxidants, disease prevention, human health

1. Introduction
Anthocyanins, also known as anthocyanidins, contain acidic and alkaline
groups. It belongs to flavonoid compounds with phenolic substances. They exist
in various plants in the form of water-soluble natural pigments, and they are
the main colorant of plants. Anthocyanins are widely found in flowering plants
(angiosperms) of 27 families of 72 species and major 6 anthocyanins, such as
Pelargonium hortorum pigment, Centaurea cyanus L. pigment, Consolida ajacis (L.)
schur pigment, and other anthocyanins pigment to be found in these plants [1]. In
the present, many studies have indicated that anthocyanins are the most effective
antioxidants, and their antioxidant property is 50 folds higher than vitamin E and
20 times higher than vitamin C [2]. Anthocyanins, as a natural antioxidant, have
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been widely used in the medical treatment, health care, cosmetology, and food
supplement and especially in human health and disease prevention.

2. Type and structure of anthocyanins
Anthocyanins are kinds of water-soluble natural pigment of flavonoids, and
its molecular glycosylation type, position, and hydroxyl number are the main
basis for distinguishing different anthocyanins. Right now, there are more than
20 kinds of anthocyanins known in plants [3], whose basic carbon skeleton is
C6-C3-C6 with cationic structure of 3,5,7-trihydroxy-2-phenyl benzopyrane
(Figure 1). Six anthocyanins of them are the most common, including Centaurea
cyanus L. anthocyanin, Consolida ajacis (L.) Schur anthocyanin, Petunia hybrida
(J.D. Hooker) Vilmorin anthocyanin, Pelargonium hortorum Anthocyanin, Paenonia
lactiflora Pall anthocyanin, and Malva sinensis Cavan anthocyanin (Figure 2).
The hydroxyl group in anthocyanins exists in the form of cationic ions in the
cell solution in a lower pH value and shows a strong antioxidant capacity [4, 5].
Anthocyanins are highly contained in a lot of plants and natural medicinal
materials, including grapes, apples, hawthorn, tea, peanuts, purple potatoes, and
ginkgo. In addition, proanthocyanidins are also found in grape juice, red wine,
chocolate, and beer [6]. Proanthocyanidins can convert into the anthocyanins
by heating in an acidic medium. Under natural conditions, free anthocyanins are
extremely rare and often exist in combination with a single or multiple glucose,
rhamnose, or galactose to form glucoside, namely, anthocyanins [7]. It is in fact
that anthocyanins are the primary pigment group of plant color, which produces
a wider range of colors, ranging from light yellow to violet [8]. The double bonds
and polyhydroxyl structure of anthocyanins are the foundation of their antioxidant activity.

Figure 1.
The basic structure of anthocyanin.

3. Antioxidant activity of anthocyanins
Free radical is an uncoupled electron group or atoms that can independently
exist, including superoxide anion radicals, hydroxyl radicals, lipoxyl radicals, nitric
2
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Figure 2.
The structure of anthocyanin.

oxide radicals, and other radicals. Free radicals are the normal metabolic products
in an organism and also undertake the important function such as being responsible
for transferring energy in the redox process of organism substance metabolism.
However, the production of free radicals may be increased due to light, heat, radiation, and other factors. The excessive free radicals in the body are unstable and can
capture the electron and show a strong oxidative ability and destroy the cell membrane, proteins, DNA, RNA, and other molecules, finally, which may result in aging
and various diseases.
Oxygen free radicals, produced by oxidation respiratory chain, have a strong
oxidation property [9]. The first way to remove oxygen free radicals is dependent on
the endogenous free radical scavenging system in the body, which includes superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), and other
antioxidants. The related reactions are as follows [10]:
• SOD catalyzes superoxide anion radicals to produce hydrogen peroxide and
oxygen (Figure 3).
• CAT catalyzes hydrogen peroxide to produce oxygen and water (Figure 4).
• GSH-Px catalyzes the reduced GSH to form oxidized GSH (GSSG) and two
molecular waters (Figure 5).
In addition, there are other antioxidants such as reduced GSH, vitamin C,
and vitamin E, which can also scavenge free radicals. These antioxidant enzymes
and antioxidants can effectively eliminate free radicals to form lines of defense to
prevent free radicals attacked to the body and maintain the balance of free radicals
and finally to ensure the health of the body.

Figure 3.
Catalytic reaction of SOD.
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Figure 4.
Catalytic reaction of CAT.

Figure 5.
Catalytic reaction of GSK-Px.

When there is an abnormal increase of free radicals in the body for some reasons,
the body is unable to maintain its balance. The exogenous free radicals scavenger is
needed to supplement and to help maintain the balance of free radicals to the body.
The additional exogenous reduced antioxidants are oxidized by the increased free
radicals and prevent the abnormal increased free radicals to attack the biomembrane
and other bio-molecules. A series of studies have shown that anthocyanins exhibit its
antioxidant activity from three aspects: the first is to directly scavenge free radicals,
another is to regulate the activity of antioxidant enzymes, and the third is to chelate
with metal ions. These three properties of anthocyanins are derived from the strong
reducibility of the polyhydroxyl structure of anthocyanins. Many studies indicated
that the ability of Morus alba L. anthocyanin, Glycine max (L) Merr anthocyanin,
and Bletilla striata (Thunb) Reichb.f. anthocyanin for removing oxygen free radicals
and hydroxyl free radicals was positively correlated with the content of anthocyanins, and their effects were higher than Vc [11–13]. Proanthocyanidins isolated from
Hippophae rhamnoides L. and Nelumbo nucifera Gaertn can reduce malondialdehyde
(MDA) level in serum and skin tissue of healthy rats, raise SOD and GSH-Px activities in serum and skin tissue, and significantly alleviate the liver lipid peroxidation
injury by CCl4 [14]. In addition, metal ions, especially Fe2+, can catalyze the transformation of oxygen radicals into hydroxyl radicals. When a substance can chelate
with metal ions, the transformation from oxygen radicals to hydroxyl radicals can be
blocked. Moreover, some anthocyanins have the ability to chelate with metal ions and
play an antioxidant role. Procyanidins possess the “catechol” structure [10] and can
strongly chelate with metal ions. The result of chelation is procyanidins can decrease
free radical production from Fenton and Haber-Weiss reaction which is dependent on
the necessary iron ions. Procyanidins block the free radical chain reaction and exert a
strong antioxidant property. Oxygen free radical reacts with unsaturated fatty acids
of the cell membrane to produce lipid peroxidation and the product to be MDA. MDA
has a high toxicity and strong destructiveness to the cell membrane, which can
change the cellular membrane fluidity and permeability and abnormal inside and
outside ion distribution of cells and then destroy the function of various tissues and
organs, which eventually leads to the cell irreversible damage and serious diseases.
The polyhydroxyl structure of anthocyanins makes them have strong reducibility,
which can play an important role in human health care and disease prevention by
scavenging free radicals, regulating antioxidant enzyme activity and chelating metal
ions in the body.

4. Effects of anthocyanins in the prevention and treatment of diseases
4.1 Antitumor effects of anthocyanins
Environmental pollution, excessive intake of junk food, irregular life, and other
bad habits can lead the human body to induce certain carcinogens. The cancerogens
4
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are metabolized and activated to produce free radicals to attack DNA to cause cancer; whereas, the carcinogenic ability of cancerogens is positively correlated to their
ability of free radicals produced. At present, it has been confirmed that the increase
of oxygen free radical and the change of antioxidant enzyme activity can result in
the occurrence of tumors. Moreover, tumor patients usually show the imbalanced
oxidoreduction state in the body and the interaction between tumors and antioxidant systems. Studies have shown that anthocyanins can exert antitumor activity by
an antioxidant. The in vitro and in vivo experiments have exhibited that anthocyanins inhibit proliferation of tumor cell and development of tumor. The antitumor
mechanism of anthocyanins may be related to their effective antioxidant capacity
and cyclooxygenase inhibited. It is reported that Nelumbo nucifera Gaertn proanthocyanidins inhibited the colony formation and growth of melanoma B16 cells by
a dose-dependent manner [15]. The in vitro studies by He et al. found that proanthocyanidins inhibited the proliferation of human colon cancer cell line SW620 in
a concentration-dependent manner and activated the mitochondrial apoptosis
pathway to promote the apoptosis of SW620 cells [16]. Many studies reported
that proanthocyanidins can inhibit the proliferation and promote the apoptosis of
SKOV3 cells by decreasing the expression of survival protein survivin and fight
against the Croton tiglium-induced mouse skin papilloma formation and lessen
tumor number and occurrence. Its mechanism of action is that proanthocyanidins
can lower the content of NO of the skin in mice, and NO is regarded to be involved
in the formation of dermal papilloma in mice [17, 18]. Studies by Zhang found that
proanthocyanidins have a strong radiation sensitization action in SPC-A-1 cells of
lung cancer [19]. In addition, proanthocyanidins showed good anticancer activity
for liver cancer, prostate cancer, skin cancer, and other cancers. With the deepening
of the research, proanthocyanidins will play a greater role in the prevention and
treatment of cancer [20].
4.2 Anti-dementia effects of anthocyanins
A large number of studies have shown that the oxidative stress response is
involved in the pathophysiologic process of Alzheimer’s disease (AD) and a large
amount of free radicals produced in AD patients’ brain. If the large amount free
radicals cannot be removed immediately, they will cause the lipid peroxidation of
protein, nucleic acid, and other biomolecules and result in the neuronal apoptosis
and aggravate the disease development of AD. Lycium barbarum L. anthocyanins
can improve the mimic AD model rat memory impairment, increase the activity of antioxidant enzymes (SOD and CAT) and GSH content, and reduce MDA
and protein carbonyl levels of serum and brain tissues [21]. Other experimental
studies have confirmed that grape seed proanthocyanidins can prevent excessive
production of β-amyloid protein (Aβ) in the brain and reduce cognitive decline
with AD model rats and Solanum tuberosum anthocyanins ameliorate domoic acidinduced cognitive dysfunction, which may be used to the treatment of cognitive
impairment caused by excitotoxicity and other brain diseases. Solanum tuberosum
anthocyanins can also inhibit the nerve inflammation by blocking ERK, JNK, and
NF-KB signals and show therapeutic effect on the acute encephalitis induced by
lipopolysaccharide (LPS) in rats [22, 23].
4.3 Effects of anthocyanins in treatment of diabetes
Diabetes is a lifelong disease, and its incidence rate increases with the age, which
seriously disturbs the quality of life to people. Studies have shown that the occurrence and development of diabetes are closely related to the abnormal metabolism
5
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of free radicals in the body. Oxidative stress, deposition of glycosylated end
products, and changes of vascular structure and function are all contributed to the
increase of free radicals. Anthocyanins have antioxidant activity and can prevent
and treat diabetes. Many studies showed that grape seed proanthocyanidin extract
(GSPE) could significantly lower the blood glucose and glucose tolerance, increase
the body quality, decrease the serum MDA level and increase the SOD activity to
the mimic diabetic mice, inhibit fat deposition, and lower blood lipid to the fatty
mice. Proanthocyanidins regulate fatty metabolism in mice by commonly influencing the expression of lipid metabolism-related genes, glucose, and insulin tolerance
[24–26]. A series of studies by Bao et al. found that GSPE could improve renal
function injury caused by diabetes and could improve the symptoms of diabetic
nephropathy by antioxidative stress and inhibiting inflammation [27]. These
studies suggest that GSPE have a strong hypoglycemic effect, and its hypoglycemic
mechanism may be associated to its antioxidant capacity.
4.4 Effects of anthocyanins in preventing cardiovascular diseases
In recent years, cardiovascular diseases have become the common diseases that
endanger human health. With the deepening of the research on oxygen free radicals
in diseases, a large number of data have confirmed that the oxidative reactions mediated by free radicals and their products play an important role in the occurrence and
development of cardiovascular diseases. As people age, the elastic fibers of arteries
harden as they are oxidized, and the change is a major cause of cardiovascular disease
in aging people. Proanthocyanidins mainly play an important role in preventing cardiovascular diseases by inhibiting the formation of artery atherosclerotic plaque and
reducing the damage of free radicals induced by myocardial ischemia for protecting
myocardial cell activity. Proanthocyanidins can protect blood vessels and reduce capillary permeability, and its function of preventing cardiovascular diseases is closely
related to its antioxidative stress. Some results indicated that grape seed proanthocyanidins can effectively reduce the levels of LDL and cholesterol and the generation
of MDA [28]. In addition, GSPE can protect vascular substances by capturing ROS
and regulating enzyme activity [29]. Anthocyanins extracted from red wine can
effectively remove superoxide free radicals and hydroxyl free radicals. The in vitro
experiments indicated that anthocyanins can significantly inhibit the oxidation of
LDL and the aggregation of platelets [30]. The animal and clinical studies have also
found that proanthocyanidins can reduce blood pressure by lowering cholesterol
level, reducing cholesterol deposition on blood vessel walls and improving vascular
elasticity [31]. Some studies showed that Nelumbo nucifera Gaertn proanthocyanidins
can increase the SOD activity of myocardial cells during ischemia reperfusion and
reduce the production of MDA, thereby inhibiting apoptosis and protecting myocardial ischemia reperfusion [32]. Studies by Suda I et al. showed that anthocyanins
from Solanum tuberosum can be absorbed by rats, enhance the antioxidant capacity
of plasma, and play an important role in protecting cardiovascular system [33].
4.5 Protective effects of anthocyanins on liver and kidney
Studies have shown that gluttony can harm gastrointestinal tract, liver, and
kidney as large amounts of free radicals are produced. Removing these deteriorated
free radicals timely can protect liver cells and improve liver function. When fatty
liver occurs, free fatty acids, oxidative stress, and free radicals are increased, which
lead to the degeneration of proteins, DNA, and lipid in liver cells and lower the
immunity. Solanum tuberosum anthocyanins were proven to alleviate liver injury
caused by dimethylnitrosamine (DMN), protect the liver function, and resist
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liver fibrosis [34]. In addition, Solanum tuberosum anthocyanins can also activate
adenosine monophosphate to sensitize the protein kinase and inhibit liver fatty
accumulation [35]. The results by Zhang et al. were also reported that anthocyanins
from Solanum tuberosum can alleviate insulin resistance in liver caused by high-fat
diet, and the effective mechanism is that anthocyanins can block oxidative and
endoplasmic reticulum stress [36]. Studies showed that anthocyanins of Solanum
tuberosum can inhibit oxidative stress in the kidney, and the molecular mechanism
was to inhibit the activation of NLRP3 signaling pathway of inflammasome [37].
Studies by Sun et al. reported that Solanum tuberosum anthocyanins have a preventive effect on acute and subacute alcoholic liver injury and indicated that Solanum
tuberosum anthocyanins have a certain antialcoholic effect [38].
4.6 Anti-inflammatory effects of anthocyanins
Inflammation is the body’s defense against stimuli, which is usually to be
regarded as beneficial but sometimes to be as harmful. The acute inflammation
is a short-term self-limiting process, and the chronic systemic proinflammatory
state can result in insulin resistance, atherosclerosis, type II diabetes, metabolic
syndrome, cardiovascular disease, cancer, neurodegenerative disease, and other
diseases [39]. When the body is in the acute inflammation, macrophages can
effectively eliminate foreign materials by producing a large number of oxygen
free radicals in a short time. However, when the acute inflammation changes into
the chronic inflammation, the generation of reactive oxygen species (ROS) is
out of control and dramatically increases, which will promote the inflammatory
factors activated, aggravate the inflammatory response and gene mutations, and
finally result in the occurrence of cancer [40]. Therefore, it is the important link
to maintain the balance of free radicals and regulate the activity of SOD in the
body against the inflammation [41]. Many studies indicated that anthocyanins
showed strong anti-inflammatory activity in both in vivo and in vitro, and their
effective mechanism may be the ability to remove ROS and regulate SOD activity
[42]. Anthocyanins from Ligustrum x vicaryi Hort can inhibit the mice’s auricle
swelling induced by xylene, raise the serum SOD activity of mice, and then exert
its anti-inflammatory and analgesic properties. Studies by Kim et al. found that
anthocyanins from Glycine max (L) Merr can inhibit ROS level in human gastric
epithelial cells infected by Helicobacter pylori and in a dose-dependent manner, and
the inhibition was significant [43]. In conclusion, anthocyanins have been proven
to express high antioxidant properties, and the anti-inflammatory effect is primary
from its inhibiting ROS production and enhancing SOD expression [39].
4.7 Effects of anthocyanins in the male reproductive system
Smoking, drinking, staying up late, or genital tract infections, exposing to the
phenols chemicals, heavy metals, and the external environmental high ionizing
radiation, may significantly increase free radicals production in the male reproductive system. The high free radicals can cause many diseases to the reproductive
system in the male. GSPE, as a highly effective antioxidant, plays an important
role in the prevention and treatment of related male reproductive diseases. GSPE
can antagonize the reproductive toxicity of male mice caused by heavy metals,
fluorine, and semicarbazide, enhance the sperm survival rate, and reduce the sperm
malformation rate. It is also confirmed that GSPE can increase the activity of lactate
dehydrogenase X and glutamyl transpeptidase in the mice’s testis of semicarbazide
infected and reduce the activity of acidic phosphatase, in which it is proven that
GSPE possesses a good repaired function for the testis injuries. In addition, GSPE
7
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can elevate the SOD activity of testicular tissue induced by testicular torsion
reduction, decrease the MDA level, and appear to be an obvious protection to mice
reproductive function injury. Meanwhile, GSPE can also inhibit the spermatogenic
cells apoptosis in experimental cryptorchidism male rats, and the effective mechanism is also derived from the antioxidant capacity of GSPE [44].
4.8 Applications of anthocyanins in ophthalmology
With the popular of various electronic devices such as mobile phones, computers, and LED lights, the blue light harm is the more and more to people. The longterm blue light irradiation to retina can cause a lot of free radicals produced. These
free radicals can result in retinal pigment epithelial cell apoptosis, intraocular metabolic abnormalities, toxin trash accumulation, and hindering of the blood circulation, which cause myopia, cataracts, macular degeneration, ocular fundus diseases,
vitreous opacity, floaters, retinopathy, and other eye diseases. Proanthocyanidins
can effectively eliminate oxygen free radicals, which is beneficial to the treatment
of ophthalmological diseases. Studies showed that anthocyanins can significantly
improve visual fatigue and the early myopia and the distant vision of mild myopia
[45]. This result indicated that proanthocyanidin eye drops have good effect for the
treatment of xerophthalmia [46]. Muthenna et al. also provided that Cinnamomum
cassia Presl proanthocyanidin extract B2 can improve the cataract of diabetic rats,
ameliorate the optic nerve blood perfusion, and block the optic nerve cell apoptosis
induced by ischemia. The possible effective mechanism of anthocyanins is that
anthocyanins have a strong scavenging ability for free radical and inhibiting intracellular calcium overload and then protect the optic nerve structure and function
[47]. In addition, anthocyanins also have therapeutic effects to glaucoma, in which
the effective mechanism of anthocyanins is both removing free radicals and reducing intracellular calcium overload and also is related to the enhancement of SOD
activity. Furthermore, anthocyanins can alleviate further injury of the optic nerve
in the eye surgery, which is also associated to raising SOD activity [48, 49].

5. Functions of anthocyanins in health care and cosmetology
5.1 Enhancements of anthocyanins in the immune system
Free radicals attack the immune system or lymphocytes to damage them, which
can result in the decline of cell-mediated immunity and humoral immunity. Free
radicals also lead to the decline of immune recognition and the emergence of
autoimmune diseases. Studies by Gabriela et al. showed that GSPE can improve the
immune suppression induced by ultraviolet irradiation in mice, which may be one
of the mechanisms by which GSPE inhibits the light of carcinogenesis [50]. By regulating the differentiation of inflammatory T cells, GSPE can reduce the secretion of
interleukin IL-17, IL-21, IL-22, IL-26, and other cytokines and reduce the incidence
of inflammation and diseases [51]. Studies showed that proanthocyanidins from
Hippophae rhamnoides L seed could significantly increase the mice immunity,
enhance the mice carbon clearance ability, raise the mice T lymphocyte activity,
and promote the hemolysin formation [52]. Hao et al. added proanthocyanidins
extracted from Sorghum to the feed of ablactation piglets. The IgG, IgM, C3, and
IL-2 concentrations of piglets serum significantly increased, which was conducive
to improving piglets immunity [53]. In addition, The Institute of Shanghai Nonghao
Biological Technology, which studied proanthocyanidins from Pinus tabulaeformis
Caar as a feed additive, found that proanthocyanidins have antigenic properties,
8
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produce specific immune responses, improve the immune function, and reduce the
incidence of livestock and poultry [54].
5.2 Antiaging effect of anthocyanins
Senescence is a complex physiological process. As early as 1956, Harmon proposed the free radical theory of senescence [55], which believed that the senescence
was primarily caused by the attack of free radicals to cell components, and then
maintaining the balance of antioxidants and free radical scavengers in the body
could delay senescence. There are many studies indicated that proanthocyanidins
can obviously reduce the generation of spontaneous MDA in liver and brain tissue
of rats and have a significant antagonistic effect in liver lipid peroxidation induced
by free radical initiators CCl4, H2O2, and iron ions, lower the depletion of GSH in
liver tissue, and reveal obviously anti-lipid peroxidation and free radicals’ scavenging ability [56]. The result by Sato et al. reported that GSPE can promote the
recovery of cardiac systolic function and decrease the area of myocardial infarction
after ischemia reperfusion and the possible mechanism of this proanthocyanidins
are related to directly removing peroxide free radicals, enhancing SOD activity,
decreasing MDA level, and inhibiting the damage from free radical lipid peroxidation to myocardial membrane [57]. Proanthocyanidins, as natural antioxidants, can
alleviate the aging of the body by adjusting the free radical oxidation system [58].
5.3 Effects of anthocyanins on cosmetology and skin care
Young people’s skin is nutritious and white than aged peoples. With the increase
of age, the skin will get rougher, wrinkled, and darker and gradually senile plaques
form. This is the reason why the skin has some substances, like SOD, CAT, and
GSH-Px, that can prevent the skin from aging. There are other antioxidants such as
vitamin E and vitamin C also to assist regulating the balance of oxygen free radical
for preventing skin aging and damage. With the increase of age, the enzyme activity
that removes oxygen free radical drops and the antioxidant content also drops in the
skin. Then, the excessive harmful oxygen free radical is able to bring about the cell
damage. If the complement of a few exogenous free radical scavengers is not immediately provided, the balance of free radical of the skin is hardly maintained, and
good skin is hardly possessed [10]. The present studies indicate that proanthocyanidins are good antioxidant and have free radical scavenging abilities and also can
promote the covalent cross-linking of collagen molecules, inhibit the elastase production and prevent the degradation of elastin, prevent skin aging and laxity, and
reduce the excessive secretion of sebaceous glands to skin. In addition, proanthocyanidins can combine with proteins by the form of hydrophobic bonds and hydrogen
bonds, which can shrink skin pores and tighten skin. Proanthocyanidins can reduce
the o-benzoquinone structure of the melanin to phenolic structure to fade the
pigment and inhibit the key enzyme tyrosinase phthalidomide activity of melanin
synthesis to achieve white skin and decrease spot efficacy. Proanthocyanidins can
absorb ultraviolet light and inhibit the process of lipid peroxidation. Supplement
of external grape seed proanthocyanidins can decrease Fas protein expression and
increase the skin bcl-2 protein expression after the irradiation of skin and tend the
skin to normal skin status, which indicates that proanthocyanidins from grape seed
can reduce the sun damage to a certain extent [59–61]. In addition, proanthocyanidins also have the effects in treating skin inflammation, moisturizing and antiaging
skin. In the present, proanthocyanidins, as raw materials, are added to successfully
produce the night cream, skin whitener, sunscreen, mouthwash, and shampoo in
France, Italy, and Japan market [62, 63]. Proanthocyanidins isolated from grape
9
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seeds, a face cream based on the characteristics of Chinese elderly people’s skin in
the Chinese market was developed, which has been proven stabile to achieve antiwrinkle and moisturizing efficacy.
5.4 Anthocyanins for food additives
Anthocyanins, as a kind of natural food pigment, have advantages of high
security and abundant resources, as well as certain nutritional and dietary functions, as compared with synthetic pigments. In recent years, people pay more and
more attention to food safety and health, and then anthocyanins have shown to
have more and more concern for consumers and researchers. Currently, anthocyanins have been allowed to be put into production and used natural edible pigments
including grape skin pigment, berry pigment, purple sweet potato pigment, perilla
pigment, cabbage pigment, purple corn pigment, and other edible pigment [2].
Anthocyanins from blueberry fruits, as natural food additives, have been widely
used in the lactic acid milk, cakes, and other food.

6. Conclusions
In recent years, a large number of studies have confirmed that anthocyanins
have strong antioxidant properties and anthocyanins, as safe natural pigment and
effective antioxidants, have been a widely used. This chapter systematically summarizes the application of anthocyanins in human disease prevention and health
care based on anthocyanins’ structure and species. However, at present, there is no
report upon the anthocyanins as a clinical drug used. Then, the intensive research
and innovation should be performed in order that anthocyanins specifically apply
to the prevention of clinical diseases and health care in the future.

Acknowledgements
The authors wish to thank the Key Subject Construction Project of Hebei
Provincial College, Hebei Province Key Research Office of Traditional Chinese
Medicine Against Dementia, Hebei Province Key Laboratory of Traditional Chinese
Medicine Research and Development and Chengde Medical College of China for
financial support.

Conflict of interest
The authors report no declarations of interest.

10

Anthocyanins: Novel Antioxidants in Diseases Prevention and Human Health
DOI: http://dx.doi.org/10.5772/intechopen.89746

Author details
Shang Yazhen1,2,3,4*, Wang Wenju4, Zhu Panpan1, Ye Yuanyuan1, Dai Panpan1,
Zhao Wusen1 and Wang Yanling5
1 Department of Pharmacology of Traditional Chinese Medicine, Chengde Medical
College, China
2 Hebei Province Key Office of Traditional Chinese Medicine Against Dementia,
China
3 Hebei Province Key Laboratory of Traditional Chinese Medicine Research and
Development, China
4 The Fourth Hospital of Shijiazhuang, China
5 Department of Neurology, Cangzhou People’s Hospital, China
*Address all correspondence to: 973358769@qq.com

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
11

Flavonoids - A Coloring Model for Cheering up Life

References
[1] Yang Y, Wen LX. Physiological

[9] Kim YW, Byzova TV. Oxidative stress

activity and function of anthocyanins.
Hunan Agricultural Sciences. DOI:
10.16498/j.cnki.hnnykx.2011.20.003

in angiogenesis and vascular disease.
Blood. 2014;123(5):625-631. DOI:
10.1182/blood-2013-09-512749

[2] Tang ZH, Zhou L. Study of

[10] Zhao BL, editor. Handbook of Oxygen

anthocyanins influencing on human
health and its prospect. Food Research
and Development. 2009;30(7):159-162

Free Radicals and Natural Antioxidants.
1st ed. Beijing: Science Press; 1999.
pp. 10-178. ISBN: 7-03-007120-4

[3] Liu SY, Li ZP, Peng ZY, Zhang FY,

[11] Jiang Y, Zheng L, Kerimjan T.

Han Q , Zheng X. Research progress of
anthocyanins on signal transduction
pathways of inflammatory factors
related to lung cancer cells. Chinese
Journal of Experimental Traditional
Medical Formulae. 2017;23(14):
219-225. DOI: 10.13422/j.cnki.
syfjx.2017.140219

Antioxidant activity of anthocyanins
from Morus nigra L. in vitro. Food
Science. 2011;32(13):45-48. DOI:
1002-6630(2011)13-0045-04

[4] Li JX, Hu ZH. Advances in research

on anthocyanins of blueberry.
Journal of Nuclear Agricultural
Sciences. 2013;27(6):817-822. DOI:
1000-8551(2013)6-0817-06
[5] Zhang N, Zhao X, Zhang Y,

Wang ZG. Anti-colon cancer
property of anthocyanins: Research
advances. Journal of International
Pharmaceutical Research.
2017;44(7):676-679. DOI: 10.13220/j.
cnki.jipr.2017.07.003
[6] Zhao YR, Wang SL. Research

progress of anthocyanin. Journal
of Anhui Agricultural Sciences.
2008;36(8):3095-3097. DOI: 10.13989/j.
cnki.0517-6611. 2008. 08.022

[12] Li YY, Bai JJ, Li X, Wang ZH.

Identification of the anthocyanins
composition and study on cellular
antioxidant activity from black soybean
coats. Journal of Shanxi Agricultural
Sciences. 2018;46(6):899-904. DOI:
1002-2481(2018)06-0899-06
[13] Lv WW, Zhao M, Qin HC,

Duan SM, Li K, Liao CH, et al. Study
on determination of anthocyanin from
Bletilla striata flower and antioxidant
activity in vitro. Genomics and Applied
Biology. 2017;36(12):5269-5276. DOI:
10.13417/j.gab.036.005269
[14] Ling ZQ , Xie BJ. Effects of

procyanidins extract from the lotus
seedpod on reactive oxygen species and
lipid peroxidation. Acta Nutrimenta
Sinica. 2002;23:98-100. DOI: 10.13325/j.
cnki.acta.nutr.sin.2002.02.003
[15] Duan YQ , Zhou M, Zhang HH,

[7] Xiang Y, Liu LF, Liu A,

Xiao WJ, Gong ZH. Research progress
of tea anthocyanin. Journal of Tea
Communication. 2017;44(1):11-14.
DOI: 1009-525X(2017)01-11-14

Xie BJ. Inhibitory effect of
proanthocyanidins from lotus
seedpod (LSPC) on B16 melanoma
in vitro. Chinese Pharmaceutical
Journal. 2009;44(2):103-106. DOI:
1001-2494(2009)02-0103-04

[8] Wang R, Wei MR, Zhao DQ. Advance

on miRNA in plant color regulation.
Hubei Agricultural Sciences.
2017;56(6):1001-1005. DOI: 10.14088/j.
cnki.issn0439-8114.2017.06. 001
12

[16] He JS, Huang XF. Effect of

grape seed procyanidin extract on
proliferation and apoptosis of human
colon cancer cell line SW620. Chinese

Anthocyanins: Novel Antioxidants in Diseases Prevention and Human Health
DOI: http://dx.doi.org/10.5772/intechopen.89746

Journal of Integrated Traditional and
Western Medicine. 2010;16(4):439-442.
DOI: 1007-6948(2010)04-0439-04
[17] Chi YG, Zhong L, Wu X,

Wang Y. Apoptosis-inducing effect of
grape seed proanthocyanidin extract on
human ovary cancer SKOV3 cells and
its mechanism. Journal of Chongqing
Medical University. 2009;34(7):826-829.
DOI: 10.13406/j.cnki.cyxb.2009.07.018
[18] Zhao WZ, Lu Y, Yan XQ , Ruan JS,

Zhang SW, Sun ZG. Inhibitory effect of
grape seed proanthocyanidins on tumor
promotion. Chinese Traditional and
Herbal Drugs. 2000;31(12):917-920
[19] Zhang XF, Zhao JX. The

radiosensitizing effects of grape seed
procyanidin extract on lung cancer
cell line SPC-A-1. Practical Journal
of Cancer. 2010;25(3):236-239. DOI:
1001-5930(2010)03-0236-04
[20] Zhang Y, Wu XX. Research progress

on procyanidins. Pharmacology and
Clinics of Chinese Materia Medica.
2011;27(6):112-116. DOI: 10.13412/j.
cnki.zyyl.2011.06.040
[21] Wu XL, Li XX, Jia SL, Gao ZL,

Lu Z, Dai XL, et al. Memory enhancing
and antioxidant activities of Lycium
ruthenicum Murray anthocyanin
extracts in an Aβ42 -induced rat model
of dementia. Modern Food Science and
Technology. 2017;33(3):29-34. DOI: 10.
13982/j.mfst.1673-9078.2017.3.005
[22] Lu J, Wu DM, Zheng YM, Hu B,

Cheng W, Zhang ZF. Purple sweet
potato color attenuates domoic acidinduced cognitive deficits by promoting
estrogen receptor-α-mediated
mitochondrial biogenesis signaling in
mice. Free Radical Biology & Medicine.
2012;52:646-659. DOI: 10.1016/j.
freeradbiomed.2011.11.016

lipopolysaccharide-induced acute
inflammatory response in mouse
brain. Neurochemistry International.
2010;56(3):424-430. DOI: 10. 1016/j.
neuint.2009.11.016
[24] Wang Y, Zhang GF, Xu BZ,

Yao D, Zhang DJ. Effect on grape seed
proanthocyanidin extracts on blood
glucose of diabetic mice. Natural
Product Research and Development.
2012;24(9):1191-1195. DOI:
10.16333/j.1001-6880.2012.09.007
[25] Wang Y, Sun C, Lv B, Xie YF, Sun C,

An L. Effect of grape seed procyanidin
to fat deposition of obese mice. Acta
Agriculturae Boreali-occidentalis
Sinica. 2011;20(6):23-28. DOI:
1004-1389(2011)06-0023-06
[26] Yan XM, Yang G, Ma Y, Li LJ,

Yang LM, Liu YJ, et al. Advances in
understanding the preventive of
procyanidins from grape seed against
geriatric diseases. Food Science.
2014;35(21):339-343. DOI: 10.7506/
spkx1002-6630-201421064
[27] Bao L, Zhang ZF, Dai XQ ,

Ding Y, Jiang YF, Li YJ, et al. Effects
of grape seed proanthocyanidins
extracts(GSPE)on type 2 diabetic
nephropathy in rats. Modern Preventive
Medicine. 2013;40(4):622-624. DOI:
1003-8507(2013)04-0622-03
[28] Ma YB, Gao HQ , You BA, Yi YL,

Bi Y, Liu XJ, et al. Anti-atherosclerosis
effect of grape seed proanthocyanidin
extract in rabbits. Journal of
Shandong University (Health
Sciences). 2003;41(6):646-650. DOI:
1671-7554(2003)06-0646-05
[29] Cao FY, Wang GZ. Advances of

proanthocyanidins in the biological
activities. Chinese Journal of Coal
Industry Medicine. 2009;12(4):678-679.
DOI: 1007-9564 (2009)04-0678-02

[23] Wang YJ, Zheng YL, Lu J, Chen

GQ , Wang XH, Feng J, et al. Purple
sweet potato color suppresses
13

[30] Ghiselli A, Nardini M, Baldi A,

Scaccini C. Antioxidant activity of

Flavonoids - A Coloring Model for Cheering up Life

different phenolic fractions separated
from an Italian red wine. Journal of
Agricultural and Food Chemistry.
1998;46(2):361-367

and endoplasmic reticulum stress
in high-fat-diet treated mice. The
Journal of Nutritional Biochemistry.
2013;24(6):1008-1018. DOI: 10.1016/j.
jnutbio.2012.07.009

[31] Packer L, Rimbach G, Virgili F.

Antioxidant activity and biologic
properties of a procyanidin-rich extract
from pine (Pinus maritime) bark,
pycnogenol. Free Radical Biology and
Medicine. 1999;27(5-6):704-724. DOI:
10.16/S0891-5849(99)00090-8
[32] Zhang XH, Zhang B,

Gong PL, Zeng FD. Protective effect
of proanthocyanidins from the
seedpod of the lotus on myocardial
ischemia and reperfusion injury
in rat. Acta Pharmaceutica
Sinica. 2004;39(6):401-405. DOI:
10.16348/j.0531-4870.2004.06.001
[33] Suda I, Oki T, Masuda M, Nishiba Y,

Furuta S, Matsuqano K, et al. Direct
absorption of acylated anthocyanin
in purple-fleshed sweet potato into
rats. Journal of Agriculture and Food
Chemistry. 2002;50(6):1672-1676. DOI:
10.1021 /jf011162x

[37] Shan Q , Zheng YL, Lu J, Zhang ZF,

Wu DW, Fan SH, et al. Purple sweet
potato color ameliorates kidney damage
via inhibiting oxidative stress mediated
NLRP3 inflammasome activation in
high fat diet mice. Food and Chemical
Toxicology. 2014;69:339-346. DOI:
10.1016/j.fct.2014.04.033
[38] Sun H, Mu T, Liu X, Zhang M,

Chen J. Purple sweet potato (Ipomoea
batatas L.) anthocyanins: Preventive
effect on acute and subacute alcoholic
liver damage and dealcoholic effect.
Journal of Agriculture and Food
Chemistry. 2014;62(11):2364-2373.
DOI: 10.1021/jf405032f
[39] Yang X, Wang L, Li SW,

Han L, Guo XM, Chen Q. Advance
of anthocyanin in anti-inflammatory
mechanisms. Shandong Medical
Journal. 2017;57(18):106-109. DOI:
10.3969/j.issn.1002-266X.2017.18.039

[34] Choi JH, Hwang YP, Choi CY,

Chung YC, Jeong HG. Anti-fibrotic effects
of the anthocyanins isolated from the
purple-fleshed sweet potato on hepatic
fibrosis induced by dimethylnitrosamine
administration in rats. Food and
Chemical Toxicology. 2010;48:3137-3143.
DOI: 10.1016/ j.fct.2010.08.009

[40] Yu WH, Zhou QB, Liu Y, Shi TR,

Wang S, Zhang XD, et al. The research
progress of reactive oxygen species in
regulating inflammation mechanism
to induce tumor. Teratogenesis,
Carcinogenesis, and Mutagenesis.
2016;28(2):158-161. DOI: 10.3969/j.
issn.1004-616x. 2016.02.017

[35] Hwang YP, Choi JH, Han EH,

Kim HG, Wee JH, Jung KQ , et al. Purple
sweet potato anthocyanins attenuate
hepatic lipid accumulation through
activating adenosine monophosphateactivated protein kinase in human
HepG 2 cells and obese mice. Nutrition
Research. 2011;31(12):896-906. DOI: 10.
1016/ j.nutres.2011.09.026

Liu XL. Protective effect of the
polyphenols from Osmanthus
fragrans flowers on TNF-α-induced
inflammation in HUVECs. Modern
Food Science and Technology.
2016;32(7):39-46. DOI: 10.13982/j.
mfst.1673-9078.2016.7.007

[36] Zhang ZF, Lu J, Zheng YL, Wu DW,

[42] Wang J, Wang JA, Jiang YX,

Hu B, Shan Q , et al. Purple sweet
potato color attenuates hepatic insulin
resistance via blocking oxidative stress

Zhou PP, Wang HH. The mechanism
of anthocyanin to anti-inflammatory
and analgesic from ligustrum fruit.

14

[41] Li HL, Li CY, Zeng XX,

Anthocyanins: Novel Antioxidants in Diseases Prevention and Human Health
DOI: http://dx.doi.org/10.5772/intechopen.89746

Chinese Journal of Applied Physiology.
2015;20(1):431-436. DOI: 10.13459/j.
cnki.cjap.2015.05.013
[43] Kim JM, Kim KM, Park EH, Seo JH,

Song JY, Shin SC, et al. Anthocyanins
from black soybean inhibit Helicobacter
pylori-induced inflammation in
human gastric epithelial AGS cells.
Microbiology and Immunology.
2013;57(5):366-373. DOI:
10.1111/1348-0421.12049
[44] Duan GP, Liu XL, Zhao PW.

Advances of pharmacology research
in grape seed proanthocyanidins.
Global Traditional Chinese Medicine.
2014;7(4):313-316. DOI: 10.3969/j.
issn.1674-1749.2014.04.021

[50] Filip GA, Postescu ID, Bolfa P,

Catoi C, Muresan A, Clichici S.
Inhibition of UVB-induced skin
phototoxicity by a grape seed extract as
modulator of nitrosative stress, ERK/
NF-kB signaling pathway and apoptosis,
in SKH-1 mice. Food and Chemical
Toxicology. 2013;57:296-306. DOI:
10.1016/j.fct.2013.03.031
[51] Park MK, Park JS, Cho ML,

Oh HJ, Heo YJ, Woo YJ, et al. Grape
seed proanthocyanidin extract (GSPE)
differentially regulates Foxp3(+)
regulatory and IL-17(+)pathogenic
T cell in autoimmune arthritis.
Immunology Letters. 2011;135:50-58.
DOI: 10.1016/j.imlet.2010.09.011
[52] Cao SQ , Xu XY, Pan SY. Effect

[45] Liu CM, Wang KM, Zou L. Effect

of VMA on asthenopia and myopia.
Chinese Journal of Practical
Ophthalmology. 2005;23(6):607-609

of procyanidins from sea buckthorn
seed on the immuit of mice. Food
Science. 2005;26(6):229-223. DOI:
1002-6630(2005)06-0229-04

[46] Sun Y, Yuan HP, Zhou XR.

[53] Hao RR, Gao JJ, Wang WW,

The clinical application of
proanthocyanidins eyedrops and
the protective effects on the dry eye
syndrome. Journal of Harbin Medical
University. 2009;43(3):268-270. DOI:
1000-1905(2009)03-0268-03

Gao WW. Effects of sorghum
procyanidins on growth performance
immunity and antioxidant capacity
of weaned piglets. Chinese Journal of
Animal Science. 2015;51(13):66-70.
DOI: 0258-7033(2015)13-0066-05

[47] Muthenna P, Raghu G,

[54] Hao RR, Gao JJ, Gao WW, Zhao JQ.

Akileshwari C, Sinha SN,
Suryanarayana P, Reddy GB. Inhibition
of protein glycation by procyanidin-B2
enriched fraction of cinnamon: Delay
of diabetic cataract in rats. IUBMB Life.
2013;65(11):941-950. DOI: 10.1002/
iub.1214

Advances of proanthocyanidins in
forage value. Feed China. 2015;
8:39-41. DOI: 1002-8358(2015)08-39-3
[55] Harmon D. Aging: A theory

based on free radical and radiationchemistry. Journal of Gerontology.
1956;11(3):298-300

[48] Yan XY, Liu S. Research progress

of application of proanthocyanidins
in ophthalmology. International
Journal of Ophthalmology.
2007;7(4):1095-1097
[49] Pan YJ, Qin B. Research
progress of proanthocyanidins in
ophthalmic application. International
Eye Science. 2014;14(11):1987-1990.
DOI: 10.3980/j.issn.1672-5123.2014. 11.19
15

[56] Guo Y, Cai XC, Chen QL,

Li W. Anti-lipoperoxidation of grape
seed extracts in vitro. Journal of
Hygiene Research. 2002;31(1):28-30.
DOI: 1000-8020(2002)01-0028-02
[57] Sato M, Maulik G, Ray PS,

Bagchi D, Das DK. Cardioprotective
effects of grape seed proanthocyanidin
against ischemic reperfusion injury.

Flavonoids - A Coloring Model for Cheering up Life

Journal of Molecular and Cellular
Cardiology. 1999;31(6):1289-1297.
DOI: 10.1006/jmcc.1999.0961
[58] Yang QS, Liu L, Wang Z. Research

advancement of organism anti-oxidize
capability of proanthocyanidins.
Modern Agricultural Science and
Technology. 2009;21:209-293. DOI:
1007-5739(2009)21-0290-01
[59] Yang XL. Development and

utilization of grape skins and
seeds. Farm Products Processing.
2008;10:24-25
[60] Dang HT, Peng Y, Zhang Y,

Duan Q. Research progress on protective
effect of proanthocyanidins on the
skin. Asia-Pacific Traditional Medicine.
2016;12(22):50-52. DOI: 10.11954/
ytctyy.201622021
[61] Yuan XY, Liu W, Xie YF, Guo GJ,

Meng RS, Fan LY, et al. Influence of
grade seed proanthocyanidin
extract on protein expression from
acute ultraviolet injury. Chinese
Journal of Aesthetic Medicine.
2008;17(3):387. DOI: 10.15909/j.cnki.
cn61-1347/r.2008.03.010
[62] Zhang D, Zhao WJ,

Ma LJ, Chai YR. Properties, functions,
purification, and utilization
of proanthocyanidins. Anhui
Agricultural Science Bulletin.
2009;15(1):35-49. DOI: 10.16377/j.cnki.
issn1007-7731.2009.01.007
[63] Zhang Y, Wu XX. Research progress

of proanthocyanidins. Pharmacology
and Clinics of Chinese Materia Medica.
2011;27(6):46-152. DOI: 10.13412/j.cnki.
zyyl. 2011.06.040

16

