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Abstract
Flavonoids are ubiquitous plant secondary metabolites and have been recognized to be potent pharmaceutical agents by several 

research groups. Methylation of the flavonoids via theirs frees hydroxyl groups or carbon atom dramatically increases their metabolic 
stability and enhances the membrane transport, leading to facilitated absorption and greatly increased oral bioavailability. Glycosyl-
ation usually improves the solubility, absorption, distribution, metabolism, and excretion (SADME properties) of the drugs. While 
these results sound promising and worthy of further investigations, we speculate that these compounds warrant further investiga-
tion in vivo as potential new therapeutic agents to successfully implement our new methodology of double modifications and its 
effects thereafter.
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Flavonoids are the most ubiquitous secondary metabolites produced in plants [1]. Numerous health promoting effects of these flavo-
noids makes them an indispensable component for the applications as nutraceuticals, pharmaceuticals and cosmeceuticals. Anti-inflam-
matory, anti-oxidative, anti-bacterial, anti-tumorigenic, anti-carcinogenic properties are some of the beneficial activities of flavonoids to 
name a few [2-4]. In retrospect, many promising applications of glycosylated flavonoids were not fulfilled when studies were extended 
to the in vitro biological activity tests [5]. For instance, when glycosylated genistein was subjected for biological activity tests not much 
improvement was seen in its anti-cancer activity though they had an added advantage of having higher solubility then the parent com-
pounds [6] and there are so many unpublished results due to lack of significant biological activities related to glycosylation of flavonoids. 
This “-enhances solubility” tag of glycosylated analogues is true as exemplified by the studies focused upon the use of sugar conjugation: 
glycosylated compounds can greatly enhance drug solubility (up to > 2 folds) and enhance uptake in vitro [7]. As the motive in various 
modifications of flavonoids is to increase the stability and biological activity, and most of the glycosylated products showed only the in-
crease in solubility and lack of prominent biological activity, we recently focused our research direction towards the methylation of these 
pharmaceutically significant flavonoids.

Methylation of free hydroxyl groups in flavonoids dramatically increases their metabolic stability and enhances their membrane trans-
port, leading to facilitated absorption and greatly increased oral bioavailability [8]. We have the evidences; as examples, 7-hydroxyfla-
vone; 7, 4’-dihydroxyflavone; 5,7-dihydroxyflavone (chrysin) were undetectable in tissue levels after administration to rats, whereas the 
corresponding methylated derivatives reached high tissue levels [9]. Mono and dimethylated flavones showed potent antiproliferative 
activities [10]; they inhibited carcinogenic-activating cytochrome P450 (CYP) transcription and activities [11], benzo [a] pyrene activat-
ing enzymes and DNA binding in human bronchial epithelial BEAS-2B cells [12], and also inhibited aromatase, an important target in 
hormone-sensitive cancers [13].

Now after having the thorough insights in glycosylation and methylation, we also knew that individually each modification was having 
some demerits. Only methylation will increase the metabolic stability and biological activities but the drugs solubility will decrease due to 
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liphophilic (methyl) group attached to it. Similarly, only glycosylation will just increase the solubility without having a remarkable activity 
enhancement to the original compounds. This led us to hypothesize the combined effects of methylation and subsequent glycosylation 
of flavonoids. Firstly, we hypothesized that the methylation of these flavonoids will significantly increase their metabolic stability and 
biological activities, and then secondly, theirs subsequently glycosylated products will have enhanced solubility and better drug transport 
capability, making it more significant for formulation of pharmaceutical applications. Experimentally our hypothesis has been success-
fully implemented in the lab conditions [14-16].

Bibliography

1.	 Kim BG., et al. “Regiospecific flavonoid 7-O-methylation with Streptomyces O-methyltransferase expressed in Escherichia coli”. Jour-
nal of Agricultural and Food Chemistry 54.3 (2006): 823-828.

2.	 Clere N., et al. “Anticancer properties of flavonoids: roles in various stages of carcinogenesis”. Cardiovascular & Hematological Agents 
in Medicinal Chemistry 9.2 (2011):  62-77.

3.	 Jnawali HN., et al. “Anti-inflammatory activity of rhamnetin and a model of its binding to c-Jun NH2-Terminal Kinase 1 and p38 MAPK”. 
Journal of Natural Products 77.2 (2014)  : 258-263.

4.	 Middleton E Jr., et al. “The effect of plant flavonoids on mammalian cells: implications for inflammation, heart disease, and cancer”. 
Pharmacological Reviews 52.4 (2000): 673-751.

5.	 Wu CZ., et al. “Enzymatic Glycosylation of Nonbenzoquinone Geldanamycin Analogs via Bacillus UDP-Glycosyltransferase”. Applied 
and Environmental Microbiology 78.21 (2012): 7680-7686.

6.	 Koirala N., “Glycosylation and subsequent malonylation of isoflavonoids in E. coli: Strain development, production and insights into 
future metabolic perspectives”. Journal of Industrial Microbiology and Biotechnology 41.11 (2014): 1647-1658.

7.	 Fernández C., et al. “Synthesis and biological studies of glucosyl dopamine derivatives as potential antiparkinsonian agents”. Carbo-
hydrate Research 327.4 (2000): 353-365.

8.	 Wen X., et al. “Methylated flavonoids have greatly improved intestinal adsorption and metabolic stability”. Drug Metabolism and Dis-
position 34.10 (2006): 1786-1792.

9.	 Walle T., et al. “Cancer chemopreventive properties of orally bioavailable flavonoids - Methylated versus unmethylated flavones”. 
Biochemical Pharmacology 73.9 (2007): 1288-1296.

10.	 Murakami A., (2002) “Characteristic rat tissue accumulation of nobiletin, a chemopreventive polymethoxylated flavonoid, in com-
parison with luteolin”. Biofactors 16: 73-82.

11.	 Morley KL., “Tangeretin and nobiletin induce G1 cell cycle arrest but not apoptosis in human breast and colon cancer cells”. Cancer 
Letters 251.1 (2007): 168-178.

12.	 Tsuji PA and Walle T. “Benzo[a]pyrene-induced cytochrome P450 1A and DNA binding in cultured trout hepatocytes-inhibition by 
plant polyphenols”. Chemico-Biological Interactions 169.1 (2007): 25-31.

13.	 Ta N and Walle T. “Aromatase inhibition by bioavailable methylated flavones”. The Journal of Steroid Biochemistry and Molecular Biol-
ogy 107.1-2 (2007): 127-129.

http://www.ncbi.nlm.nih.gov/pubmed/16448189
http://www.ncbi.nlm.nih.gov/pubmed/16448189
http://www.ncbi.nlm.nih.gov/pubmed/21644918
http://www.ncbi.nlm.nih.gov/pubmed/21644918
http://www.ncbi.nlm.nih.gov/pubmed/24397781
http://www.ncbi.nlm.nih.gov/pubmed/24397781
http://www.ncbi.nlm.nih.gov/pubmed/11121513
http://www.ncbi.nlm.nih.gov/pubmed/11121513
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485733/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485733/
http://www.ncbi.nlm.nih.gov/pubmed/25189810
http://www.ncbi.nlm.nih.gov/pubmed/25189810
http://www.ncbi.nlm.nih.gov/pubmed/10990020
http://www.ncbi.nlm.nih.gov/pubmed/10990020
http://www.ncbi.nlm.nih.gov/pubmed/16868069
http://www.ncbi.nlm.nih.gov/pubmed/16868069
http://www.ncbi.nlm.nih.gov/pubmed/17250812
http://www.ncbi.nlm.nih.gov/pubmed/17250812
http://www.ncbi.nlm.nih.gov/pubmed/14530595
http://www.ncbi.nlm.nih.gov/pubmed/14530595
http://www.ncbi.nlm.nih.gov/pubmed/17197076
http://www.ncbi.nlm.nih.gov/pubmed/17197076
http://www.ncbi.nlm.nih.gov/pubmed/17583686
http://www.ncbi.nlm.nih.gov/pubmed/17583686
http://www.ncbi.nlm.nih.gov/pubmed/17624765/
http://www.ncbi.nlm.nih.gov/pubmed/17624765/


Citation: Niranjan Koirala. “Methylation and Subsequent Glycosylation of Flavonoids: Koirala Effect”. EC Microbiology 3.5 (2016): 519-
521.

Methylation and Subsequent Glycosylation of Flavonoids: Koirala Effect
521

14.	 Koirala N., et al. “Methylation and subsequent glycosylation of 7, 8-dihydroxyflavone”. Journal of Biotechnology 184 (2014): 128-137. 

15.	 Koirala N., et al. “Methylation of flavonoids: chemical structures, bioactivities, progress and perspectives for biotechnological produc-
tion”. Enzyme and Microbial Technology 86 (2016): 103-116.

16.	 Koirala N., et al. “Metabolic engineering of Escherichia coli for the production of isoflavonoid-7-O-methoxides and their biological 
activities”. Biotechnology and Applied Biochemistry (2015).

Volume 3 Issue 5 September 2016
© All rights reserved by Niranjan Koirala.

http://www.ncbi.nlm.nih.gov/pubmed/24858680
http://www.ncbi.nlm.nih.gov/pubmed/26992799
http://www.ncbi.nlm.nih.gov/pubmed/26992799
http://www.ncbi.nlm.nih.gov/pubmed/26498482
http://www.ncbi.nlm.nih.gov/pubmed/26498482

	_GoBack

