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ABSTRACT
Background: Flavonoids are a kind of polyphenol having a diverse set of pharmacological 
applications, but their bioavailability is limited due to their poor stability, poor solubility, quick 
clearance, and low intrinsic characteristics. According to the prior study, the flavonoids containing 
the sugar moiety have better solubility and stability (for example rutin) as they maintain greater 
plasma levels and a longer mean residence duration than the flavonoids have no glycoside 
moiety. Aim: This review focus on the enhancement of solubility and bioavailability of flavonoids 
by the various glycosylation techniques. Materials and Methods: In this review study, we 
discussed the various glycosylation approaches to improve solubility and bioavailability, such 
as microbial biotransformation, enzyme pathway manipulation, metabolic engineering, and 
chemical synthesis. Results: Glycosylation is one of the most efficient methods for increasing 
flavonoid solubility and stability, as a result the pharmacological activity also enhanced. The 
glycosylated compound such as scutellarin, quercetin 3-O-glucoside, Cyanidin 3-O-glucoside, 
kaempferitrin, baicalein 7-O-glucuronide and so on, shows the increased solubility and better 
pharmacological activities. Conclusion: The flavonoids need more attention to overcome their 
limitations, as they have plethora of applications on human health such as free radical scavenging 
property, anti-cancer activity, anti-diabetic, anti-inflammatory.
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INTRODUCTION

Flavonoids (flavus-yellow), or bioflavonoids, are one of 
the most significant types of natural substances in plants, 
with over 9,000 identified structures.1 They are the class of 
polyphenolic phytochemicals that are linked to a wide range of 
health-promoting impacts that are essential components in a wide 
range of nutraceutical, pharmaceutical, medicinal, and cosmetic 
applications.2,3 Broad-spectrum pharmacological activities of 
flavonoids involve antibacterial, antiviral, anti-inflammatory, 
anti-mutagenic, anti-ulcer, anti-stress, anti-atherosclerosis, 
anti-diabetic, and antitumor properties, apart from these 
activities flavonoids are commonly considered as the most 
effective natural antioxidants found in plants.4-10 They are effective 
against various enzymes, including COX, XO, lipoxygenase, 
and phosphoinositide 3-kinase.11,12 Based on the study done 
on animals, it was observed that some of the flavonoids (e.g., 

quercetin, naringenin) can cross the blood-brain barrier as they 
are absorbed by the bloodstream, and acts as neuroprotectants 
in the brain.13 Flavonoids are found in the fruits coat, seed, bark, 
and flowers of most plants, present in vegetables (kale, onion, 
and broccoli), and certain Chinese medicinal herbs.14-17 They are 
also found inside the nucleus of mesophyll cells and in the ROS 
production centers.18 Flavonoids have a lot of healthcare benefits, 
but their poor bioavailability has been a matter of concern.19 
Due to their limited solubility and stability, tissue and plasma 
concentrations of flavonoids are typically insufficient to elicit 
the required pharmacological effects, even when a significant 
daily intake of flavonoids is obtained through dietary sources. In 
humans, the bioavailability of flavonoids is known to be affected 
by phase 2 metabolism. The major portion of flavonoids are 
sulfated, methylated, and glucuronidated in the small intestine 
and liver, and conjugated metabolites are detected in plasma 
following flavonoid consumption. So, improving bioavailability 
is essential to impose health effects.20 To overcome the limitations 
of the flavonoid’s bioavailability, glycosylation is one of the 
methods by which the solubility, absorption, chemical stability, 
and metabolism are enhanced to some extent relative to flavonoid 
aglycones.21,22
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This review summarizes the various glycosylation techniques of 
flavonoids such as microbial biotransformation, enzyme pathway 
manipulation, metabolic engineering, and chemical synthesis 
that ultimately increase the solubility and stability further 
improving the bioavailability of the flavonoids to give desired 
pharmacological effect.

Chemistry of Flavonoids

Flavonoids are a  major class of polyphenolic substances  with a 
benzo-γ-pyrone structure.23 They refer to two benzene rings 
(ring A and B) with phenolic hydroxyl that is linked by three 
central carbon chains and forms a series of compounds with the 
basic carbon skeleton C6-C3-C6. Flavonoids are classified into 
flavanol, flavone, flavonol, flavanone, flavanones, isoflavone, and 
anthocyanins, based on the oxidation level of the three-carbon 
bonds (C3) and the substitution in the ring A and B makes 
difference in the individual compounds within a class (Figure 1). 
Therefore, the C ring is characteristic of each flavonoid subfamily. 
Monomers differ among subfamilies in terms of the type, location, 
and several substituents (e.g., hydroxyl groups), and oligomers 
can also be formed by some flavonoids.24

Classification of Flavonoids

Flavonoids are classified according to their chemical structure 
and source.

Flavones

Flavones have the backbone of 2-phenylchromen-4-one 
(2-phenyl-1-benzopyran-4-one). They are mostly found in 
fruits (apple skins, oranges) and vegetables (Onions, broccoli, 
tomatoes) and they have a favorable impact on our health with 
no serious adverse effects.25

Flavanones or Dihydroflavones

Flavanones are also known as dihydroflavones, far from flavones 
the C ring is saturated, although the only variation between the 
flavanones and flavones is that double bond between C-2 and 
C-3 is also saturated. Because of their free radical scavenging 
characteristics, flavanones are assisted to various health benefits. 

Citrus fruit their peels and juice contain flavanones, due to which 
they have a bitter taste.26,27

Flavonols

A double bond is present between C3 and C2 in flavonols, and 
a hydroxyl group is linked  at C3. Flavonols can be found in 
almost every diet. Flavonols are found in various foods (olive oil, 
red wine, tea) fruits (grapefruit, berries), and vegetables (onion, 
broccoli).28,29

Isoflavones

Ring B of isoflavones is attached to the C3 site of Ring C. They 
are mainly found in the leguminous plant family. Soy and its 
by-products are good sources of isoflavones.30 Isoflavones can 
bind to estrogen receptors because they have phytoestrogen 
activity.31

Flavanonols

Flavanonols are usually known as catechins or dihydro flavonols 
that are3-hydroxy derivatives of flavanones. Flavanonols are a 
multi-substituted and diverse subclass of polyphenols.

Flavanols or Flavan-3-OLS

Flavanols are sometimes referred to as flavan-3-ols due to the fact 
that the hydroxyl group is always connected to the C ring in three 
locations. Far from other, flavonoids, there is no double bond 
between positions C-2 and C-3. The main source of flavan-3-
ols is fruit, vegetables, legumes, beverages (wine and tea), and 
chocolate.32

Flavylium Salts or Anthocyanidin

Flavylium salts are the most often used water-soluble plant dye, 
and they protect plants against photo-oxidation, as well as serve 
as insect attractants and food colorants.33,34

Structure-based classification of flavonoids with their examples, 
pharmacological activities, and sources are summarized in Table 
1.

Structure-Activity Relationship of Flavonoid

The activities of flavonoids are structure dependent. Flavonoids’ 
chemical nature is determined by their structural class, degree of 
hydroxylation, degree of polymerization, and other substitutions 
and conjugations. Flavonoids and their metabolite’s metabolic 
activity is determined by the relative orientation and chemical 
structure of distinct moieties on the entity. The hydroxyl 
functional group in flavonoids shows their antioxidant activity 
by chelating metal ions or scavenging free radicals. Flavones with 
2 or 3 free hydroxyl groups in rings A and B, such as chrysin, 
luteolin, and apigenin, show antioxidant activity at small doses.45

C2=C3 is beneficial for the various pharmacological activities 
such as antioxidant, antiviral, anti-cancer, anti-bacterial and Figure 1: General structure of flavonoid.
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Flavonoid’s 
subclass

Examples Structure Pharmacological
activities

Source References

3 5 7 2’ 3’ 4’ 5’
Flavones Antifungals,

Antioxidants,
Anti-HIV.

Fruit skin,
Red wine,
Buckwheat, 
Red pepper,
Tomato

35,36

Luteolin - OH OH - OH OH -
Apigenin - OH OH - - OH -
Chrysin - OH OH - - - -

Flavonols Quercetin - OH OH - OH OH Antioxidants,
Cardioprotective,
Antiviral,
Anti-aging.

Onion,
Red wine,
Kale,
Olive oil,
Tea,
Grapes

37,38

Kaempferol - OH OH - - OH
Galangin - OH OH - - -
Fisetin - - OH - OH OH
Myricetin - OH OH - OH OH OH
Morin - OH OH OH - OH -

Isoflavones Genistein - OH OH - OH Antiestrogenic Soya beans,
Legumes

39,40

Genistin - OH O-glc - OH

Daidzein - - OH - OH
Daidzin - - O-glc - OH
Biochanin A - OH OH - OCH3

Formononetin - - OH - OCH3

Flavanones Hesperetin OH OH - OH OCH3 Chemoprotective 
effect

Citrus 
fruits, 
Grapes, 
Lemons, 
Oranges

41
Naringenin OH OH - - OH

Flavan-3-ol (+)-Catechin ßOH OH OH - OH OH Antioxidant 
activity,
Antiviral activity

Apple,
Tea

42
(-)-Epicatechin aOH OH OH - OH OH

(-)- 
Epigallocatechin

aOH OH OH - OH OH OH

Table 1: Major subclasses, sources, and pharmacological activities of flavonoids.
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antiradical, antidiabetic and cardioprotective activity. C2=C3 
double bond with C3-OH converts flavonols and flavones 
into improved antioxidant and antiradical activity than the 
flavanols and flavanones. Catechol moiety is mandatory for  
pharmacological activities such as antiviral, antibacterial, 
anti-inflammation, antidiabetic, antioxidant and so on. As the 
number of OH bond increases the affinity of flavonoids against 
various activities increases such as anti-cancer, antioxidant 
activity anti-diabetic, anti-inflammatory. Increased OH decreases 
the effect against antiviral and anti-bacterial. O-methylation 
enhances anticancer, antioxidant, and cardioprotective activity. 
The Carbonyl group (C=O) at C4 increases affinity against 
various activities such as antidiabetic, antibacterial, antiviral, 
anti-inflammatory, and antioxidant activities.46-49

Glycosylation at C6 and C8 position may increase the activities 
such as antioxidant, antidiabetic, and glycosylation at O3 and 
O7 position can improve certain activities such as tyrosinase 
inhibition, anti-HIV activity, anti-rotavirus activity, anti-stress 
activity, anticholinesterase, and anti-obesity activity50 (Figure 2).

Functions of flavonoids and their biological activities

Flavonoids are plant secondary compounds that are well known 
for the blue, purple, and red, anthocyanin pigments found in plant 
tissues.51 These chemicals help plants reproduce by attracting seed 
dispersers and pollinators. They are responsible for many plants 
species' appealing fall color, which has been proposed to shield 
leaf cells from photo-oxidation and hence enhance nutrient 
retrieval efficiency during senescence.52 The ability of flavonoids 
to absorb ultraviolet (UV) light has been thought to be proof of 
their role in ultraviolet protection. Flavonoids are commonly seen 
in the epidermal cell layers of leaves, as well as in UV-sensitive 
tissues including apical meristem and the pollen. Flavonoids are 
a complex class of secondary metabolites with a wide range of 
biological functions, including stress reduction.53 New evidence 
connecting flavonoids to control of the polar transport of the plant 
growth regulator auxin has been discovered after a nearly ten-year 

interval. This hormone may aid in the stress response by limiting 
stomatal opening54 and allocating resources in low-growth 
conditions.55 They have wide range of pharmacological effects, 
including anti-hepatotoxic, anti-inflammatory, and anti-ulcer 
characteristics. Some of the enzymes are also inhibited by the 
flavonoids which are cyclooxygenase, aldose reductase, calcium 
ATPase (Ca2+-ATPase), xanthine oxidase, lipoxygenase, and 
phosphodiesterase. Flavonoids are potent antioxidants with the 
ability to scavenge free radicals. Many flavonoids have antiallergic 
and antiviral properties, and some of them can protect against 
cardiovascular disease (Figure 3).56,57

Limitation of flavonoids

The limited bioavailability of flavonoids is one of the primary 
issues about their usage as active ingredients and numerous 
health advantages. Even when flavonoids are consumed in 
significant amounts, tissue and plasma concentrations are 
typically inadequate to provide the intended pharmacological 
effects. Flavonoids typically have limited bioavailability due to 
a range of variables such as chemical structure and molecular 
weight, relatively poor water solubility, gastrointestinal absorption 
and metabolism, a lack of site-specificity in distribution, and 
quick elimination. Additionally, whether exposed to oxygen, 
temperature changes, UV light, or a pH change, this class of 
chemicals is very susceptible to deterioration.58-60 As well as 
the presence of a double bond between C2 and C3 position  of 
flavonols and flavones forms planar structures, resulting in a 
tight molecular arrangement, and making it difficult for the 
solvent to penetrate their molecule structures,61,62 for example, 
Myricetin has a poor aqueous solubility of 16.60 g/mL and 
low oral bioavailability of just 9.62 percent in rats, because 
of a planar structure.63,64 Furthermore, excess free hydroxyl 
groups in intestine cells are easily glucuronidated and sulfated, 
and then effluxed by some efflux transporters, gastrointestinal 
permeability decreased as the number of hydroxyl groups in a 
subclass of flavonoids increased, resulting in poor and erratic 

Flavonoid’s 
subclass

Examples Structure Pharmacological
activities

Source References

3 5 7 2’ 3’ 4’ 5’
Flavylium 
Salts

Antioxidants,
Antibacterial,
Cytoprotective
effect,
Anti-inflammatory 
effect

Cherries,
Strawberry,
Grapes

43
Cyanidin OH OH OH - OH OH -
Cyanin O-glc OH OH - OH OH -
Pelargonidin OH OH OH - - OH -

Flavanonols Toxifolin - OH OH - OH OH - Antioxidant,
Antiradical

Oranges,
Lemons

44
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oral absorption.65-67 As observed in catechin, a common flavonoid 
found in grapes, green tea, cocoa, has a poor oral bioavailability 
of just 5% in rats, which was ascribed to its low permeability 
(Apparent permeability coefficient (Papp) = 6.0 10-7 cm/s) due to 
its structure's 5 phenolic hydroxyl groups.68 Flavonoids undergo 
extensive metabolic pathways into conjugated compounds, such 

as glucuronides, methylated derivatives, and sulfates, after being 
absorbed by the intestinal epithelium, first in the intestine and 
subsequently in the liver, where they are released into bile.69,70

Bioavailability of flavonoids in humans is known to be influenced 
by phase 2 metabolism.71 In the small intestine and liver, most 
flavonoids are sulfated, methylated, and glucuronidated,72 with 

Figure 2: Summary of SAR of flavonoids.

Figure 3: Application of flavonoids.
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conjugated metabolites detected in plasma flavonoid intake.73 
In general, metabolites of flavonoids have lower bioactivity than 
the parent molecules.74 As a result, increasing bioavailability is 
essential to achieving health benefits in vivo. Many attempts have 
been made to improve bioavailability, including using absorption 
enhancers,75 novel delivery methods,76 enhancing metabolic 
stability,77 and switching the absorption location from the large 
to the small intestine.78

Glycosylation of flavonoid: A strategy to enhance its 
bioavailability

Glycosylation of flavonoid compounds is thought to be an 
effective way to make them more stable and water-soluble.79 As 
well as improves their pharmacological activities by improving 
bioavailability, lowering acute toxicity and health risks, 
improving specific targeting, and minors the adverse effects.80 
Sugar chains have a role in practically every biological activity, 
including cell differentiation, development, immunology, ageing, 
carcinogenesis, and information transfer.81 In glycosylation sugar 
is transferred from an activated donor to the various flavonoid 
acceptors, that are conjugated through the linkage between 
flavonoid aglycones, generally showing increased  properties 
than their flavonoid aglycones or even distinct properties.82 
Sugar moieties, depending on the type of the sugar, improve the 
bioavailability of the flavonoid aglycone; for example, glucosides 
are absorbed faster than rhamnosides and rhamnoglucosides,83 
owing to the presence or lack of certain hydrolyzing enzymes in  
the human gastrointestinal tract. While intestinal lactase- 
phlorizin hydrolase or small intestine epithelial cell rutinosidase, 
and β-glucosidase may cleave glucosides, there is no human α-L-
rhamnosidase or the bioavailability of rhamnose-containing 
flavonoids is entirely dependent on their breakdown by intestinal 
microbiota.84 Furthermore, not all intestinal strains perform 
this function,85 and such strains appear to be (almost) absent in 
other patients. Glycosylation causes considerable inter-individual 
variance in the bioavailability of aglycones.86

Effect of Glycosylation on Stability and Solubility

Few research has been demonstrated that glycosylation 
influences the stability of flavonoids. According to Buchner et 
al. (2006) investigated the changes in concentration at 100°C 
of rutin (quercetin-3-O-rutinoside or sophorin) and quercetin 
in an aqueous solution with air perfusion, and found that rutin 
was more stable than quercetin.87,88 In another research the 
metal-catalyzed oxidative degradation quercetin and rutin were 
dissolved in phosphate buffer containing Fe2+ and Cu2+, during the 
degradation process the concentration changes were measured 
and it was seen that rutin had a slower degradation rate.89

The solubility of flavonoids is another factor that influences their 
bioavailability. A large polar component, such as sugar, attached 
to a flavonoid molecule improves its water solubility, which may 
lead to higher absorption and bioavailability.90 However, most 
published comparisons provide water solubility for distinct 
flavonoid compounds at a specific temperature and have seen that 
flavonoids glycosides are more soluble that flavonoid aglycones. 
For example, at 20°C aglycone naringenin has a solubility of 
4.38mg/L91 whereas naringin (naringenin+ glycoside) has a 
solubility of 500mg/L (more than 110-fold higher).92 The same 
pattern may be seen in rutin and quercetin. Rutin has a solubility 
of 125 mg/L in water,93 where as quercetin aglycone has a 
solubility of 0.512 mg/L (more than 240 times lower).Another 
example of quercetin at 25°C has a poor water solubility (0.92 
g/L) and the semisynthetic glycosylated quercetin is claimed to 
have significantly improved water solubility.94

Glycosylation technique

Glycosylation is a key tailoring step for the production or 
modification of biologically active compounds that can modify 
the physico-chemical properties of hydrophobic molecules like 
flavonoids. For the laboratory glycosylation of flavonoid aglycones, 
a number of molecular biology and biochemical approaches have 
been employed involving microbial biotransformation, enzyme 

Figure 4: Approaches for Glycosylation.
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pathway manipulation, metabolic engineering, and chemical 
synthesis95 as shown in Figure 4.

In vitro, direct enzymatic catalysis maybe even more concise 
and fasterthan metabolic engineering in vivo, but it requires 
equimolar volumes of expensive uridine diphosphate (UDP)-
sugar. Furthermore, elucidating the mechanism of enzymatic 
glycosylation regioselectivity and stereoselectivity remains 
a challenge, preventing their future use. We expect that a 
regeneration strategy to prepare various sugar donors in situ,96 
as well as an immobilized enzyme technique and more in-depth 
structure analysis to reveal the mechanism of enzymatic reactions, 
will bedeveloped that would lower the cost, and facilitate the 
rational design of more novel flavonoid glycosides. In vivo, 
metabolic engineering might be an alternative way to produce 
glycosides  as  cell metabolism can offer a constant supply of 
UDP-glucose. However, low product yields might occur because 
of redox imbalance and excessive metabolic load, necessitating 
pathway compartmentalization for optimal function. Fortunately, 
progress has been constant in this field over the last five years, 
with improved enzyme expression, better enzymes arising from 
protein engineering, and better-engineered microbes utilized as 
carriers. Co-cultivation of multiple engineered microbial strains, 
for example, significantly improved product yields by distributing 
metabolic burden between co-cultivation partners. Several 
challenges exist in this area; for example, large-scale preparation 
is challenging, and just a few studies have reached milligram size. 

Biotechnology, on the other hand, has considerable potential 
in terms of providing an alternate method to meet industrial 
demands.97

Chemical Glycosylation of 3,7 Dihydroxyflavone

Neves et al. (2018) promoted the synthesis of 3-hydroxy-
7-(2,3,4,6-tetra-O-acetyl-β-glucopyranosyl) flavone and 
3,7-(2,3,4,6-tetra-O-acetyl-β-glucopyranosyl) flavone by 
glycosylation of 3,7-dihydroxyflavone with K2CO3 in dry acetone 
by using the modified Michael method. The glucose donor used 
was 2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide for the 
glycosylation (Figure 5).

It was seen that glycosylation enhances the stability which 
alters the in vitro cell growth inhibitory activity of the  3 
hydroxy-7-(2,3,4,6-tetra-O-acetyl-ß-glucopyranosyl) flavone 
and 3,7-(2,3,4,6-tetra-O-acetyl-ß-glucopyranosyl) flavone and 
was investigated in six human tumor cell lines that are MCF-7 
(Breast adenocarcinoma), A375-C5 (malignant melanoma 
IL-1 insensitive), U373 (glioblastoma astrocytoma), NCI-H460 
(non-small cell lung cancer), U251 (glioblastoma astrocytoma), 
and U87MG (glioblastoma astrocytoma). It was tested that 
3-hydroxy-7-(2,3,4,6-tetra-O-acetyl-ß-glucopyranosyl) flavone 
has shown potent against all tumor cell lines, with growth 
inhibition value < 8 μM and a notable degree of selectivity for 
cancer cells.98

Figure 5: Synthesis of synthesis of 3,7-(2,3,4,6-tetra-O-acetyl-β-glucopyranosyl) flavone and 3-hydroxy-7-(2,3,4,6-tetra-O-acety
l-β-glucopyranosyl) flavone from 3,7-dihydroxyflavone.
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Glycosylation of apigenin by microbial 
biotransformation and metabolic engineering

The microbial biosynthesis of scutellarin in E. coli from the 
apigenin, by glucosyltransferases. The recombinant E. coli 
strain produces the UDP-glucosyltransferase UGT71G1 from 
M. truncatula after heterologous overexpression to synthesize 
Apigenin-7-O-G and the enzyme flavone 6-hydroxylase converted 
the apigenin-7-O-G into scutellarein. Where asapigetrin was also 
synthesized from apigenin (derived from p-coumaric acid (PCA) 
using culture system) by glycotransferase and UDP-glucose was 
used as a donor (Figure 6).

The glycosylated derivatives of apigenin show increased stability 
and solubility which shows altered bioavailability i.e., Scutellarin 
can be used to treat metabolic syndrome caused by high-fructose 
and high-fat diet by decreasing leptin level and boosting 
adiponectin levelon-the-other-hand apigetrin have been proven 
to be a well-known anti-aging, anti-fungal, anti-tumor, and 
anti-inflammatory agents along with anti-proliferative and 
antioxidant activity against reactive oxygen species (ROS).99,100

Enzymatic glycosylation (+)-catechin

Synthesis of (+)-Catechin-3'-O-a-D-maltoside and 
(+)-Catechin-3'-O-a-D-glucopyranoside by trans glycosylation 
reaction of (+)-Catechin catalyzed by amylosucrase from 

Deinococcus geothermalis and sucrose was used as a donor (Figure 
7).

The catechin shows low solubility in aqueous media due to 
which it has low bioavailability. After glycosylation, it was seen 
that the solubility of catechins was enhanced thus increasing the 
bioavailability of catechins that enhances the biological activities 
of catechins such as antioxidants.101

Glycosylation of Quercetin by microbial and 
enzymatic biosynthesis

Strugała et al. (2017) proposed the synthesis of Quercetin 
7-O-ß-D(4"-O-methyl)-glucopyranoside from quercetin by 
regioselective glycosylation at position 7, that is catalyzed by 
Beauveria bassiana AM278 strain (Figure 8).

It was seen that orally administered quercetin has poor 
bioavailability due to low absorbance, the introduction of large 
polar moiety i.e., sugar to quercetin increases the solubility 
that enhances the absorbance by which the bioactivity towards 
antioxidant and anti-inflammatory activity also increased (i.e., 
7-O-ß-D(4"-O-methyl)-glucopyranoside).

The microbial biotransformation of quercetin into quercetin 
3-O-ß-D-glucopyranoside by Cunninghamella elegans ATCC 
9245102 (Figure 8). The intestinal absorption of quercetin 

Figure 6: Microbial biosynthesis of scutellarin and metabolic engineering of apigetrin from apigenin.
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3-O-glucoside increases +184% compared to quercetin in a rat 
model.103 Quercetin 3-O-glucoside shows a greater anti-obesity 
effect than quercetin aglycon and its anti-obesity impact is 
mediated by inhibiting adipocyte differentiation and lipogenesis, 
lowering serum lipid levels through changing hepatic lipid 
metabolism, and decreasing body weight gain. It was also seen 
that quercetin 3-O-glucoside shows stronger activity against the 
gram-positive bacteria.104

Synthesis of isorhamnetin 3-O-glucoside from Quercetin by 
converting it into isorhamnetin by O-methyltransferase from 
rice (ROMT9) which was eventually converted into isorhamnetin 
3-O-glucoside by PGT Glu82Leu (Figure 8).

The glycosylation of quercetin has a profound effect on its 
solubility, stability, and bioactivity.

Isorhamnetin 3-O-glucoside shows the effect on diabetic 
complications.105

Glycosylation of 6-methylflavone by microbial 
biotransformation

Synthesis of 6-methylflavone 4'-O-β-D-(4º-O-methyl)-
glucopyranoside and (6-methylflavone 8-O-β-D-(4º-O-methyl)-
glucopyranoside from 6-methylflavone in the culture of I. 

fumosorosea. They reported being the first to introduce a sugar 
moiety to a flavonoid molecule that lacked a hydroxyl group  
(Figure 9). It was seen that 6-methylflavone is the most 
potent inhibitor of GABAA/benzodiazepine receptors, but its 
application is limited because of its low water solubility that 
has low bioavailability. The addition of the sugar moiety to 
6-methylflavone improves its stability, water solubility, and 
bioavailability. UV absorption of 6-methylflavone and its 
biotransformation derivatives were compared, and it was seen 
that 6-methylflavone 4'-O-β-D-(4º-O-methyl)-glucopyranoside) 
shows the highest absorbance and is more active in the inhibition 
of the GABAA/benzodiazepine receptors.

Enzymatic Glycosylation of Cyanidin

The synthesis of Cyanidin 3-O-glucoside from Cyanidin in the 
presence of catalyst Vitis vinifera UDP-Glucose. The addition of 
glucose to the 3-O site of cyanidin by 3-O-glycosyltransferase 
comes from a UDP-glucose donor (Figure 10).

Cyanidin is an unstable flavonoid to enhance its stability, it was 
glycosylated to yield the cyanidin 3-O-glucoside, as the stability 
enhances, the desired the pharmacological activities were 
obtained against anti-inflammatory, and antioxidant.106

Figure 7: Synthesis of (+)-Catechin-3'-O-a-D-maltoside and (+)-Catechin-3'-O-a-D-glucopyranoside from (+)-Catechin.



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 2, Apr-Jun, 2023 363

Dahiya, et al.: Glycosylation Method for Bioavailability Enhancement

Glycosylation of Baicalein by metabolic engineering

The synthesis of baicalein 7-O-glucuronide from the baicalein by 
glycosylation, UDP (uridine diphosphosphate) glucuronic acid 
was used as the glycosyl donor (Figure 11).

The glycosylation of baicalein increases the solubility that shows 
the increased antiallergic, antioxidative, and anti-inflammatory 
activities. Various activities such as tyrosinase inhibition, anti- 
HIV, anti-rotavirus, anti-stress, anticholinesterase, anti-obesity 
potential, antiadipogenic, antiallergic, and treatment for chronic 
kidney disease can be improved from O-glycosylation.107

Glycosylation of Xanthohumol by microbial 
biotransformation

The synthesis of α, ß-Dihydroxanthohumol 
4’-O-ß-D-glucopyranoside by converting xanthohumol into 
α, ß- xanthohumol by chemical method, in this method 
regioselective hydrogenation of xanthohumol takes place 
in the presence of palladium on the charcoal catalyst and 
hydrogen gas was used as a donor of hydrogen atoms, after that 
microbial(fungal) glycosylation of α, ß-dihydroxanthohumol 
into α, ß -dihydroxanthohumol 4’-O-ß-D-glucopyranoside by 

Absidiacoeruela AM93 and Absidia glauca AM177 was done 
(Figure 12).

The introduction of sugar moiety enhances the absorbance of α, 
ß -Dihydroxanthohumol 4’-O-ß-D-glucopyranoside and seen 
thar a, ß -Dihydroxanthohumol 4’-O-ß-D-glucopyranoside 
shows strong anti-inflammatory activity by inhibiting the 
cyclooxygenase enzyme.

Enzymatic Glycosylation of Puerarin

The glycosylation of puerarin into monofructosylpuerarin and 
difructosylpuerarin was attained in a 25% DMSO solvent system, 
β -fructosidase (solvent stable) and sucrose as a donor (Figure 
13). It was seen that the glycosylation promoted the solubility of 
puerarin by which the bioavailability towards the treatment of 
heart disease, ocular disease, diabetes, and cancer increased.108

Chemical Glycosylation of Kaempferol

Kaempferitrin was synthesized by using kaempferol through 
Koenigs-Knorr glycosylation of the 3, 7-diol to afford 3, 
7-O-bisglycoside as an intermediate (Figure 14). It was seen 
that the solubility of kaempferol was enhanced which increases 

Figure 8: Synthesis of Quercetin 7-O-ß-D(4"-O-methyl)-glucopyranoside, quercetin 3-O-glucoside, and isorhamnetin 3-O-glucoside 
from quercetin.
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the bioactivity. As a result, antimicrobial activity, inhibition 
of bacterial cell division, and inhibitory effect against DNA 
topoisomerase also increase.109

Enzymatic Glycosylation of phloretin
The glycosylation of phloridzin from phloretin by 
glycosyltransferase clones isolated from pyrus (UGGT88F2) as 
shown in Figure 15.

As the solubility of phloretin increases by glycosylation which 

makes it possible to get the desired bioavailability as a result 

anti-diabetic anticarcinogenic activity and anti-HIV activity 

increase. It was seen that O-glycosylation promotes different types 

of bioactivities including anti-HIV activity, tyrosinase inhibition, 

anti-rotavirus activity, and anti-cholinesterase potential.110

Figure 9: Synthesis the 6-methylflavone 4'-O-β-D-(4º-O-methyl)-glucopyranoside and (6-methylflavone 8-O-β-D-(4º-O-methyl)-
glucopyranoside from 6-methylflavone.

Figure 10: Synthesis of Cyanidin 3-O-glucoside from Cyanidin.
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Microbial Glycosylation of isoangustone A

Isoangustone A 7-O-β-D-glucopyranoside is derived from the 
biotransformation of Isoangustone A in the culture of Mucor 
hiemalis CGMCC 3.14114 at 30°C for 48 hr (Figure 16).

Isoangustone A 7-O-β-D-glucopyranoside shows enhanced 
bioavailability than isoangustone A against antimicrobial, 
antioxidative, anti-inflammatory, and antitumor activities due to 
enhanced water solubility.111

Microbial Glycosylation of Kuarinone

Kurarinone glycosylation is performed by Strain C. echinulataAS 
3.3400 to form kurarinone 7-O-β-D-glucopyranoside. It was 
seen that kurarinone 7-O-β-D-glucopyranoside shows better 
pharmacological properties such as tyrosinase inhibitors and 
cytotoxicity than Kurarinone due to enhanced water solubility 
(Figure 17).111

Table 2 summarizes the patents on glycosylate flavonoids.

Figure 11: Synthesis of baicalein 7-O-glucuronide from baicalein.

Figure 12: Synthesis of α, ß-Dihydroxanthohumol 4’-O-ß-D-glucopyranoside from xanthohumol.
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Sl. No. Patent No. Patent 
Date

Inventor Description References

1 EP 1 891 967 Feb. 27, 
2008

Williamson, 
Jankovic, Rein

This invention provides a method for 
sustaining and improving the bioavailability 
of flavonoids (hesperidin).

112

2 US 20100055081 Mar. 4, 
2010

Myriam Richelle, 
Gary Williamson,
Ivana Jankovic, 
Maarit Rein.

This invention provides a method for 
sustaining and improving the bioavailability 
of rhamnose-containing flavonoids 
(hesperidin).

113

3 US008449927 May 28, 
2013

Thomas 
Eidenberger

This invention describes a unique 
composition of anthocyanin and stabilizing 
agent which does not readily undergo 
degradation such as oxidation, pH instability.

114

4 WO 2014/191524 Dec. 4, 2014 Rabausch, Streit, 
Jurgensen, Julia

This invention comprises enzymatic 
glycosylation of the flavonoids that enhance 
the solubility, which impacts the flavonoid’s 
functions.

115

5 US 20150224158 Aug. 13, 
2015

Chantale, Serge, 
Christian

The inventors promised that glycosylated 
flavonoids show higher solubility and are 
more active than aglycone against the 
activities such as anti-cancer.

116

6 WO 2017/121863 July 20, 
2017

Rabausch, 
Rosenfeld, 
Ilmberger, 
Plambeck, 
Ruprecht, 
Bonisch

This invention promotes the production 
of rhamnosylatedflavonoids which leads 
to higher solubility and increases stability 
against radiation and temperature, 
furthermore, the flavonoid glycosides 
show modulated bioavailability and 
pharmacological activities.

117

7 USOO894.6407 Feb. 3, 2015 Bingfang He, 
Xueming Wu, 
Jianlin Chu, Bin 
Wu, Sen Zhang, 
Pingkai Ouyang

In the invention, the inventors 
proposed the preparation method for 
fructosylatedmangiferin with improved 
dissolvability and bioavailability to resist 
inflammation, to relieve cough, and reduce 
phlegm.

118

8 US 20160090578 Mar. 31, 
2016

Ulrich Rabausch, 
Wolfgang Streit, 
Julia Juergensen,

This invention comprises enzymatic 
glycosylation of the flavonoids that enhance 
the solubility, which impacts the flavonoid’s 
functions.

119

9 US009828407 Nov. 28, 
2017

Daniel Auriol, 
Renaud
Nalin, Patrick
Robe, Fabrice 
Lefevre

This invention proposed the production of 
the polyphenols (flavonoid) glycoside by 
enzymatic condensation, the derivatives 
have the higher water solubility than that of 
their parent compound which have useful 
applications in cosmetic and pharmacological 
such as antioxidant, anti-inflammatory, 
antiviral, antibacterial, etc.

120

10 AU 2003270537 April 30, 
2004

Deavours, 
Bettina, Liu, 
Chang-Jun, 
Dixon, Richard A

The inventors produced flavonoids and 
iso-flavonoids nutraceuticals by converting 
them into their glycosides.

121

Table 2: Patents offlavonoids.
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Figure 14: Synthesis of kaempferitrin from kaempferol.

Figure 15: Synthesis of phloridzin from phloretin.
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Figure 16: Biotransformation of Isoangustone A into Isoangustone A 7-O-β-D-glucopyranoside.

Figure 17: Synthesis of kurarinone 7-O-β-D-glucopyranoside from kurarinone.

CONCLUSION

The flavonoids are the natural polyphenols with various 
applications on human health such as free radical scavenging 
property, anti-cancer activity, anti-diabetic, anti-inflammatory. 
Despite their use is limited due to poor solubility and  
bioavailability. Glycosylation of flavonoids is one of the potent 
methods to enhance the water solubility and thus increases the 
bioavailability of the bioactive compound. The glycosylation 
of flavonoids by various biochemical and molecular biology 
methods, including metabolic engineering, enzymatic 
glycosylation, chemical glycosylation, and microbial glycosylation. 
The glycosylated compound such as scutellarin, quercetin 
3-O-glucoside, Cyanidin 3-O-glucoside, kaempferitrin, baicalein 

7-O-glucuronide and so on, shows the increased solubility and 
better pharmacological activities than their aglycone. More 
research should be done on flavonoid glycosylation so that it can 
be employed effectively, as it is a more accessible method than 
medication development.
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ABBREVIATIONS

COX: Cyclooxygenase; XO: Xanthineoxidase; ROS: Reactive 
Oxygen Species; UV: Ultraviolet; ATPase: Adenosine 
Triphosphatase; UDP Glucose: Uridine Diphosphate Glucose; 
E-coli: Escherichia coli; GABA A: Gamma-Aminobutyric 
acid Type A; HIV: Human Immunodeficiency Virus; DMSO: 
Dimethyl Sulfoxide; DNA: Deoxyribonucleic Acid.

SUMMARY

The naturally occurring polyphenol, flavonoids have various 
health benefits with plenty of pharmacological activities including 
anti-diabetic, anti-tumor, antioxidant, anti-ulcer, anti-bacterial, 
anti-viral.

Even after they have various pharmacological effects, but their 
use is limited due to less solubility and that have an impact on the 
bioavailability that makes them less potent.

There are several approaches to overcome the solubility and 
bioavailability, but the glycosylation is the most efficient methods 
for increasing flavonoid solubility, stability and the bioavailability 
and make them potential towards the pharmacological activities.

In this review, we have focused on the glycosylation techniques 
to overcome the bioavailability that are metabolic engineering, 
enzymatic glycosylation, chemical glycosylation,  and microbial 
glycosylation. These techniques of glycosylation effectively 
increase the bioavailability.
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