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Abstract. In the present review, attempts have been made to discuss the functions of flavonoids and
plant cell wall polysaccharides in plants and biological activities have also been described. In plants,
these substances help in combatting different biotic and abiotic stresses and act as growth regulators. In
human health, most recent research suggested that these substances are responsible for the variety of
pharmacological activities, such as, antioxidant, free radical scavenging, anti-inflammatory, anticancer,
antiviral and antimicrobial activities.
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1. Introduction

Plants derive their energy from photosynthesis, which transforms water and carbon
dioxide into more or less complex compounds (Ephraim et al., 2014). Photosynthetic
energy is divided between primary metabolism and secondary metabolism. Molecules of
primary metabolism (organic acids, amino acids, proteins, simple sugars
(polysaccharides), fatty acids or lipids) are essential for the growth and development of
the plant. Maintained at stable concentrations, they ensure the structural and functional
integrity of plant cells (Alamgir, 2018). Molecules of secondary metabolism (alkaloids,
phenols, terpenes, steroids) are not always essential for the individual survival of the plant
but are essential for the survival of the population (Ephraim et al., 2014). Their functions
are to modulate the interactions of the plant with its environment (UV radiation, anti-
pathogenic defenses, antioxidant molecules, pollinator attraction signals or auxiliary
insects etc.) (Mebarki, 2016). Medicinal efficacy of many flavonoids and polysaccharides
as antibacterial, hepatoprotective, anti-inflammatory, anticancer, and antiviral agents are
well established. These substances are used worldwide but more commonly in the
developing countries (Kumar and Pandey, 2013).

This review highlights the importance of flavonoids and plant cell wall
polysaccharides in plants and their beneficial roles for human health.
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2. Roles of polysaccharides in plant defense reactions

The plant cell wall constitutes a physical barrier to the penetration of the aggressors.
To circumvent it, pathogens developed different strategies, including the production of
hydrolytic enzymes that degrade the plant cell wall (Walton, 1994). The defenses of the
plant include a set of mechanisms leading to alter and strengthen the cell wall against
enzymatic degradation by pathogens. They include the production of hydroxyproline-rich
glycoproteins (Benhamou, 1996), callose deposition and the synthesis of polyphenolic
compounds such as lignin (Boudart et al., 1995). In this context, hydroxyproline-rich
glycoproteins are induced in various plant-pathogen interactions (Esquerré-Tugayé¢ et al.,
1979). They play arole in the organization of the primary cell wall and serve as a starting
point for the polymerization of lignin (Bolwell et al., 1995). On the other hand,
lignification reinforces the plant cell wall making it more resistant to attack by the
hydrolytic enzymes of pathogens (Kawasaki et al, 2006). A correlation has been
established between lignification and disease resistance; resistant plants show an increase
in lignin deposition higher than that of sensitive plants (Soylu, 2006). In addition, callose,
a constituent of parietal appositions (Cell Wall Appositions), has been considered an
important factor in resistance to pathogen infection (Brown et al., 1998). Indeed, plants
that showed a reduction in callose deposition showed increased susceptibility to
pathogens.

3. Other biological activities of plant polysaccharides

Plant cell walls are potential reservoirs of biologically active polysaccharides
(Hensel et al., 1998). These polysaccharides have been shown to have pharmacodynamic
properties that allow their development in the health field (Diallo et al., 2001). They
perform important functions, such as growth regulation, pathogen defense and
environmental stress. Several studies have shown that they act on diabetes (De Paula et
al., 2005), cancer (Ishurd & Kennedy, 2005) and also on viruses (Cassolato et al., 2008).

Today, there are few immunostimulatory drugs available, and polysaccharides are
the most effective immunostimulant compounds. They are devoid of toxicity and obtained
from medicinal plants, may be good molecules to improve the immune system in the case
of fragility of this system by diseases such as cancer, AIDS, malaria (Aboughe, 2010).
Also, many articles attest to the antioxidant properties of xylans of various medicinal
plants (Ebringerova et al., 2002; Kardosova et al., 2004; Nabarlatz et al., 2007).

In addition, natural polysaccharides from certain medicinal plants, algae and
microorganisms have attracted considerable interest as antimicrobial agents (Mizuno et
al., 1995; Tzianabos 2000; Smith et al., 2002). In recent decades, based on
biotechnological methods, a series of new antimicrobial agents based on polysaccharides
have been developed. They are now used in various applications, for example in the food
industry to replace traditional preservatives, and in bacteriology as inhibitors of bacterial
growth (Chang et al., 2000). Similarly and more specifically, the antifungal activity of
polysaccharide extracts has also been experimentally confirmed in several studies
(Ballance et al., 2007; Meera et al., 2011; Chen Hao et al., 2012; Mebarki et al, 2015;
Mebarki, 2016).
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4.  Roles of flavonoids in plants

Flavonoids are almost universally found as pigments of plants. They are
synthesized in the flowers, fruits, leaves and seeds of a large number of plants. Their
accumulation confers major ecological and physiological benefits (Harborne & Williams,
2000). One of the major properties of flavonoids is to contribute to the colour of plants
and especially that of flowers. However, it is by the color of its flowers, visable and
sometimes invisible to the human eye, that the plant has an attracting effect on insects
and pollinating birds, thereby ensuring a fundamental step in its reproduction. It should
be noted that flavonoids, by repelling some insects by their unpleasant taste, can play a
role in the protection of plants. Flavonoids show other interesting properties in the control
of plant growth and development by interacting in a complex way with the various plant
growth hormones (Chebil, 2006). On the other hand, plants use the adsorption capacity
between 280 and 315 nm of all flavonoids as a protective filter against damage that can
be caused by UV-B radiation on their RNA (Harborne & Williams, 2000). Some
flavonoids also play a role as phytoalexins, that is to say metabolites that the plant
synthesizes in large quantities after infection in defence to fungal or bacterial infection
(Marfak, 2003). In this context, many flavonoids possess antifungal properties by
inhibition of microbial cellulases, xylanases, pectinases, chelation of metal necessary for
enzymes, and formation of a hard, almost crystalline structure as a physical barrier to
pathogens. Flavonoids may cause changes in tissue differentiation and thus promote the
formation of thyllus and callus, thus preventing aggression by invasive agents. Similarly,
flavonoids also play an important role in the post-harvest fungal resistance of fruits and
vegetables. In fact, high concentrations of flavonoids in fruit are very often correlated
with a low incidence of pathogens. This observation is also used to preserve fruits better.
For example, UV irradiation of Citrus aurantium causes an increase in flavonoid
concentration and reduces Penicillium digitatum contamination (Treutter, 2005).

5. Other biological activities of flavonoids

Flavonoids are a group of very important substances that are of great interest in
many areas. Currently, flavonoids are known by remarkable pharmaco-biological
activities such as cholesterol-lowering effects, (Formica & Regelson, 1995) antiviral,
antimicrobial anticancer a (Narayana et al., 2001; Seyoum et al., 2006) antiallergic, anti-
inflammatory, anti-thrombotic, anti-tumor and hepatoprotective activities (Middleton et
al., 2000). These activities are attributed in part to the antioxidant properties of these
natural compounds (Saija et al., 1995).

In this context, according to Cushnie and Lamb (2005), different types of flavonoids
(flavones, isoflavones, flavonols etc.) have exhibited antifungal, antiviral and
antibacterial activity. Picman et al. (1995) suggested that, theoretically, flavonoids may
exert antibacterial effects since they are potent inhibitors of DNA gyrase enzyme in vitro.
In this sense, several studies have shown the bactericidal effect of different flavanones on
Staphylococcus aureus (Sato et al., 1995) and several strains of Gram positive and Gram
negative bacteria have been shown to be sensitive to a flavonoid glycoside (Harikrishna
et al., 2004). On the other hand, the antifungal activity of flavonoids is also established
(Mebarki et al., 2015; Mebarki, 2016). Because of the widespread ability of flavonoids
to inhibit spore germination of phytopathogens, they have been proposed for use against
fungal pathogens of humans (Harborne & Williams, 2000). Two new flavonoids, a
flavone and a flavanone, respectively isolated from the fruits of Terminalia bellerica and

71



ADVANCES IN BIOLOGY & EARTH SCIENCES, V.5, N.2, 2020

the shrub Eysenhardtia texana, have been shown to be effective against the opportunistic
pathogen Candida albicans (Valsaraj et al., 1997, Wachter , 1999). Two other flavones
isolated from the plant Artemisia giraldi have been reported to be inhibitors of the species
Aspergillus flavus, a fungus that causes invasive disease in immunosuppressive patients
(Zheng, 1996). Galangin, a flavonol commonly found in propolis samples has been shown
to inhibit Aspergillus tamarii, A. flavus, Cladosporium sphaerospermum, Penicillium
digitatum and Penicillium italicum (Afolayan & Meyer, 1997). The mechanism of the
antimicrobial effects of flavonoids may be due to the inhibition of nucleic acid synthesis
(Hilliard, 1995), the inhibition of cytoplasmic membrane functions (Tsuchiya & linuma,
2000), the sequestration of substrate necessary for microbial growth or inhibition of
microbial energy metabolism (Haraguchi et al., 1998).

Finaly, polysaccharides together with flavonoids can be currently regarded as
a very promising future alternative to conventional therapy.
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Fig. 1. Structure of the different flavonoid classes (Hadj Salem, 2009)
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