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Abstract

Anthocyanins are a class of flavonoids characterized by water-soluble color pigments found in
the form of glycosides. They are associated with one or more sugar moieties. Anthocyanins are
found within various plant organs, like flowers, leaves, fruits, roots, tubers, and grains. Depending
on their structure, pH, and other factors, they appear in colors ranging from yellow to blue. These
compounds have received great attention as they have replaced chemical dyes such as food
coloring and the pharmaceutical industry. They also enhance plant tolerance to many abiotic
stresses, such as salinity, drought, excessive light, ultraviolet radiation, and cold pressure.
Besides, previous studies showed the importance of anthocyanins in human health and their
protective properties against chronic diseases. It has also been of interest due to its ability to
change color according to pH values and its uses as an acid-base indicator in quantitative analysis.

Keywords: Anthocyanins, Antioxidants, Antibacterial, Anti-inflammatory, Anticancer, Cyanidin,
Indicator.

Introduction

Anthocyanins (the Greek syllable anthus: flower and kyanos: mean dark blue) are a class of
phenolic compounds (1). Compounds of glycosides characterized by their solubility in water, and
they have a color gamut of attractive pale yellow, orange, red, purple, violet and blue for various
plant tissues in their parts leaves, flowers, fruits and roots (2,3).
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Fig(1) structure of anthocyanins(2)

Types of anthocyanins:-

- Pelargonidine (Pg) appears orange in plants such as blueberries, strawberries, bananas, red
radishes and potatoes. (4- 6).

- Cyanidin (Cy) has purple and red colours. It is most commonly found in plants such as
blackberries, blackberries, peaches, figs, cherries, red onions, red cabbage, plums, grapes, red
sweet potatoes, strawberries and purple carrots. (4-7).

- its lilac color and abundance characterizes Peonidin (Pn) in a number of fruits such as mango,
grapes and plum (4-7)

- Delphinidin (Dp) is present in violet and bluish-violet, so the blue color of the flowers is due to
the presence of these compounds (8). It is also abundant in eggplant, red beans, pomegranate and
grapes. (4,5,6,7,9) . - Petunidin (Pt) This pigment is present
in red grapes and red berries appear in a purple color. It is mainly responsible for the purple color
of the fruit (4-7)

Synthesis of anthocyanins:-

The biological pathway for the synthesis of anthocyanins in plant seeds is localized within
the cytosol. The enzymes involved in synthesis reactions are classified into biosynthetic enzymes,
including oxoglutarate-dependent dioxygenase (OGD), cytochrome P450 (P450) and
glucosyltransferase (GT). Genetic analysis shows that enzymes that assist thiocyanidin synthase
(ANS), also called leucoanthocyanidin dioxygenase), which belong to the (OGD) family, have a
role in the synthesis of the corresponding pigment(10). Anthocyanins are synthesized through the
phenylpropanoid metabolic pathway using the amino acid phenylalanine to produce 4-coumaroyl-
CoA. It then combines with malonyl-CoA to produce the true skeletal flavonoids, called
chalcones, that contain two phenyl rings. This is followed by the conjugate circular closure of the
chalcone which is the familiar form of flavonoids, composed of triple rings of flavonoids. The
metabolic pathway proceeds through a series of enzymatic modifications to produce flavanones
— dihydroflavonol — anthocyanins. Through this path a number of products are formed(11).
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Fig(2) The biological pathway for the synthesis of anthocyanins(76)
Application of anthocyanins:-

1-Antioxidative Effects:-

Antioxidants can be defined as compounds that prevent the oxidation of oxidative substances
by getting rid of free radicals and reducing oxidative stress, an unbalanced state that causes an
increase in the amounts of reactive oxygen or nitrogen species (ROS / RNS). hydroxyl radicals
and peroxynitrite) on the amount of endogenous antioxidants, which leads to Free radicals oxidize
different types of biomolecules, such as DNA enzymes, proteins and lipids. Oxidative stress
causes the development of chronic diseases, including coronary heart disease, cancer and aging,
but in recent years, there has been an inverse relationship between eating fruits and vegetables and
the risk of vascular oxidative stress diseases(78). Osteoporosis is attributed to the fact that plants
contain flavonoids. The mechanism of action of flavonoids has been suggested by the following
mechanisms:

1-Sniping free radicals such as ROS/RNS.
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2-Quin inhibiting ROS/RNS by inhibiting certain enzymes or chelating trace metals that
contribute to the production of free radicals.

3-Protection of antioxidant defense(74).

Anthocyanins scavenge free radicals and are chelating compounds of minerals that act as
free radical scavengers and chain breakers. It interferes with the oxidation of lipids and other
molecules through the rapid donation of hydrogen atoms to the free radicals formed by the
process of oxidizing molecules.(12-14). Studies have shown an inverse
relationship between the consumption of fruits and vegetables and age-related diseases, due to the
fact that they contain antioxidants, especially flavonoids, especially anthocyanins (15). There is a
close relationship between the consumption of anthocyanins present in colored plant extracts with
an increased antioxidant capacity that leads to reduced oxidation of plasma proteins, protection of
endothelial function, inhibition of platelet aggregation, reduction of low-density lipoproteins
(LDL), improvement of cardiovascular oxidation and neuronal recognition (16-
18).

2-Anticancer :

Cancer can be defined as a multi-step disease related to environmental, chemical, physical,
metabolic and genetic factors that play a direct role in the deterioration of cancers. Studies
indicate a relationship between a diet that contains large amounts of fruits and vegetables rich in
antioxidants and a reduced risk of many cancers. There are a number of dietary antioxidants that
act as effective factors for preventing cancer and mortality (19-21), these substances in the diet
are a useful and promising group due to their low toxicity and availability, including
anthocyanins, one of the most complex of plant metabolism and an integral part of the human
diet.

In addition to the role of anthocyanins as antioxidants, they have a role in reducing the risk of
cancer and this has been proven in the laboratory by using a variety of anthocyanin extracts to
determine their ability to suppress cancer cells. (22-30).

A study was conducted in Germany that subjects who consumed fruit or vegetable juices
containing anthocyanins observed little damage to oxidative nucleic acids and an increase in
decreased glutathione (31,32).and an anther study proved the mechanism of action of
anthocyanins through the terminal differentiation of cancer cells and prevents the formation of
tumors. It also acts as a kinase inhibitor in the cell differentiation process found that cyanidin-3
O-B-glucopyranoside (Cy g) stimulates the differentiation of the human myeloid leukemia cell
line HL 60 in a manner that depends on the amount and course of doses of Cy g in activating
PI3K as well as the effect of Cy g on the induction of melanoma cell differentiation (33,34).

3-Anti-inflammatory effect:

In addition to cell-derived polypeptides, there are a variety of molecules that function regularly
for the inflammatory response, and they are known as cytokines(35). The production of
proinflammatory and anti-inflammatory cytokines is controlled by complex reaction mechanisms
of proinflammatory molecules, including tumor necrosis factor-alpha (TNF-a), interleukin (IL)-6,
IL-8, and IL-1P. and are responsible for fighting pathogens such as adiponectin (36). Chronic
inflammation is caused by a persistent imbalance between anti-inflammatory and pro-
mediators(37).

80



Iraqi National Journal of Chemistry 2021; 21(3)

Several studies have shown that anthocyanins can affect pro- and anti-inflammatory molecules
in vitro. Decreased IL-concentrations were clearly observed by treatment of Helicobacter-infected
human epithelial cells with anthocyanin extract from Java red soybean seeds (cyanidin-3-
glucoside, delphinidin-3-glucoside, and petonidin-3-glucoside) for 24 hours (38) .Downregulation
of IL-6 after treatment of arterial endothelial cells (39) was also observed after treatment of fat
cells, while IL-6 expression was down-regulated by dose after treatment of differentiated 3T3-L1
fat cells with potato extract. Sweet purple for 24 hours (40).

A study was conducted on anthocyanin extracts of plants such as berries and acai fruits, where
their role in inhibiting the production of TNF-a was observed after treatment of BV-2 mice
microglia cells with these anthocyanin-rich extracts (41) as well as human colon epithelial cells
stimulated with the roinflammatory cytokine TNF- a, IL-1p, and interferon y (IFN-y) (42).

The effect of grapevine extract on LPS-activated macrophages was observed, with female
fractions downregulating the expression of the inflammatory cytokines IL-1p and TNF-a. (43).
Black rice extract and anthocyanin-rich polyphenol fraction of Lonicera caerulea fruits reduced
the production of TNF-a and IL-1B LPS (44). And human gingival fibroblasts treated with LPS
result in downregulation of IL-1p, IL-6, and TNF-a. (45). It resulted in dose-induced production
of C-reactive protein IL-6, IL-1p and IL-6 (46,79,80).

4-Antimicrobial

Current studies are directed to how to inhibit the activity of human pathogenic microbes
through the use of safe and highly effective compounds such as the use of raw extracts from new
food ingredients for their application in medical fields (47). These compounds include
anthocyanins of the class of plant flavonoids with antimicrobial activity (48, 49). However, the
explanation for this incomplete efficacy is that bacteria must adhere to and form biofilms for
reproduction and colonization (50,51). Therefore, when selecting effective compounds, they have
the ability to penetrate microbial membranes to stop their flowering and colonization (52).
Among those isolated from plants such as raspberries against Vancomycin-resistant Enterococcus
faecium, Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia coli, known diseases
in the case of plankton complemented by evaluation of their ability to inhibit adhesion and
influence biofilm formation. But the extracts of anthocyanins isolated from black currant and
strawberry found that they inhibit Gram-negative bacteria and do not affect Gram-positive
bacteria. The reason is due to the different composition of the cell wall between Gram-negative
bacteria and Gram-positive bacteria, and the outer membrane of Gram-negative bacteria acts as a
protective barrier against hydrophobic compounds but not on hydrophilic compounds(53,54,55,
56 ).

5- As food colorants

Anthocyanin dyes are strong, water-soluble, and have been used to color food and textiles since
ancient times. Where red grapes and blackberries were used to color drinks, pastries and
foods(57). And red cabbage was used after improving its color by adding acid to it due to the
effect of anthocyanin colors on changing the acid function (58).

The colors of the anthocyanins are distinguished by their gradation from yellow to purple, in
addition to being healthy and low in price, encouraging their use as coloring materials for foods
and pharmaceutical drugs(59). But its colors are affected by temperature, oxygen, ultraviolet rays,
and the acidic function, all of which destroy the flavilium ion and cause color loss. Therefore,
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treatment methods were used to stabilize the color, including keeping foods in cold temperatures,
interacting with the elements, or storing them in vacuum packages of oxygen(60,61,62).

OH
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.63)( Fig(3) The colors of the anthocyanins in plants

5-Anthocyanins as indicators:-

Defines the indicator as weak organic acids or weak organic bases that change color or flash at
a certain pH by adding an acid or base and the color change results from adding or deleting an H+
proton(64). Most of the signs have two or more contrasting colors, one of which appears in the
acidic medium and the other in the basic medium, then you know that the indicators are
dichotomous and some of the signs are monochromatic such as phenolphthalein, they are
colorless in the acidic medium and purple in the base medium volumetric analysis is one of the
quantitative analysis techniques where the equivalent point called the end point is determined in a
conventional titration with some additions to the analyte solution, which changes color when the
equivalent point is reached( 65). These substances are generally referred to as pointers. Several
types of indicators are available for different types of titration analyses. Most pH indicators are
either weak organic acids or weak organic acids that accept or donate electrons (66,67). Although
an automated titrant is available that determines the equivalence point between reactants,
evidence is still needed for education and research laboratories to perform simple titration(68,69,
70).

It was found that the known evidence used in laboratory volumetric analysis possesses
hazardous effects on the human body and environmental pollution. It is also a bit expensive and
unavailable, so natural guides have been prepared from the parts of the plant. Over the past few
years, compounds have been isolated from colorful plants that act as markers and are a source of
multifunctional green chemistry. These high-color pigments obtained from plants are
characterized by showing color changes with changing pH. These natural dyes are
environmentally friendly(71, 72, 73,75,77).
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Fig(4): The chemical structure forms and colors of an anthocyanin at different pH(21)
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