
Vol.:(0123456789)1 3

3 Biotech (2019) 9:431 
https://doi.org/10.1007/s13205-019-1962-7

ORIGINAL ARTICLE

FlavoDb: a web‑based chemical repository of flavonoid compounds

Baban S. Kolte1,3 · Sanjay R. Londhe1 · Kamini T. Bagul1 · Shristi P. Pawnikar1,4 · Mayuri B. Goundge1 · 
Rajesh N. Gacche2 · Rohan J. Meshram1 

Received: 25 April 2019 / Accepted: 18 October 2019 / Published online: 31 October 2019 
© King Abdulaziz City for Science and Technology 2019

Abstract
There are many online resources that focus on chemical diversity of natural compounds, but only handful of resources exist 
that focus solely on flavonoid compounds and integrate structural and functional properties; however, extensive collated 
flavonoid literature is still unavailable to scientific community. Here we present an open access database ‘FlavoDb’ that is 
focused on providing physicochemical properties as well as topological descriptors that can be effectively implemented in 
deducing large scale quantitative structure property models of flavonoid compounds. In the current version of database, we 
present data on 1, 19,400 flavonoid compounds, thereby covering most of the known structural space of flavonoid class of 
compounds. Moreover, effective structure searching tool presented here is expected to provide an interactive and easy-to-use 
tool for obtaining flavonoid-based literature and allied information. Data from FlavoDb can be freely accessed via its intuitive 
graphical user interface made available at following web address: http://bioin fo.net.in/flavo db/home.html.

Keywords Phytochemicals · Flavone · Flavanones · Isoflavones · Neoflavonoids · Topological descriptor · Drug discovery · 
QSPR · Database

Introduction

Flavonoids correspond to a very diverse set of polyphenolic 
set of compounds from plant origin. This class of compound 
is attributed with enormous structural as well as functional 
heterogeneity. Besides their classical anti-oxidant effect, 
these compounds are known to possess antibacterial, anti-
parasitic, anti-cancer, cardio protective, immune system 
promoting, anti-inflammatory and skin protective activity 
from ultra violet radiation; all these properties are effec-
tively reviewed by Tungmunnithum et al. (2018). Addi-
tionally, flavonoids are also established as effective agents 

in management of autoimmune conditions like multiple 
sclerosis (Coe et al. 2018), rheumatoid arthritis (Chu et al. 
2018) and many other conditions like neurodegeneration, 
psoriasis, systemic lupus erythematosus and inflammatory 
bowel disease [these biological effects are reviewed by Ren-
gasamy et al. (2018)]. Flavonoids possess a characteristic 
tri-ringed flavone as primary chemical backbone formed 
of fused heterocyclic chromen group (Ring C and A). This 
chromen group is further connected to phenyl group that 
corresponds to Ring B (Gacche et al. 2015a, b). Based on 
arrangement of oxo group, B-ring and bond order between 
carbon atom C2 and C3 in C ring, flavonoids are further 
subcategorized as Isoflavones, Flavanones, Neoflavonoids 
and Flavones. Moreover, based on frame-up of hydroxyl sub-
stituents, more subclasses like Flavanols and Flavonols are 
frequently specified (Table 1).

It is believed that the substituents on the parent flavonoid 
scaffold govern the biological activities of these compounds 
(Martinez-Gonzalez et al. 2019). Enormous structural diver-
sity, in fact, limits derivation of exact structure property 
relation (SPR) model for this class of compounds and thus 
warrants an urgent need to localize structural and functional 
information of these compounds (Cui et al. 2018). One of 
the biggest bottlenecks that scientific community faces today 

 * Rohan J. Meshram 
 rohan_meshram@rediffmail.com; rohan@bioinfo.net.in

1 Bioinformatics Centre, Savitribai Phule Pune University, 
Pune 411007, India

2 Department of Biotechnology, Savitribai Phule Pune 
University, Pune 411007, India

3 Institute of Biochemistry and Molecular Biology, Department 
of Chemistry, University of Hamburg, Hamburg 20146, 
Germany

4 Center for Bioinformatics, University of Kansas, 
Lawrence 66045, USA

http://orcid.org/0000-0001-6508-4450
http://bioinfo.net.in/flavodb/home.html
http://crossmark.crossref.org/dialog/?doi=10.1007/s13205-019-1962-7&domain=pdf


 3 Biotech (2019) 9:431

1 3

431 Page 2 of 11

in developing effective quantitative structure property rela-
tionship (QSPR) models for flavonoids is the unavailability 
of a collated structural and functional details of flavonoids. 
Moreover, new and more effective descriptors are required 
for generation of such quantitative models. Therefore, in 
continuation of our interest in flavonoid research (Gacche 
et al. 2011; Patil et al. 2016; Patil and Gacche 2017) we initi-
ated developing of a database, FlavoDb, to integrate data on 
flavonoid compounds.

Prior attempt to develop such database suffers in terms of 
data comprehensiveness since information on very limited 
flavonoid compounds was presented (Kinoshita et al. 2006). 
Most importantly, there is no active web interface to this 
database thereby limiting the data accessibility to general 
scientific community (Kinoshita et al. 2006). In contrast, the 
current version of FlavoDb hosts data on 1, 19,400 natural 
as well as synthetic flavonoid compounds, thereby cover-
ing majority of known flavonoid structural space. One of 
the objectives of developing a separate resource devoted 
to flavonoids is to bridge the gap of availability of novel 
descriptors and the published data on flavonoids. FlavoDb 
is aimed to provide comprehensive information on vari-
ous flavonoid properties that is expected to not only enable 

effective deduction of QSPR models but also act as a central 
repository of flavonoid literature.

Materials and methods

Data retrieval and processing

Four basic flavonoid scaffolds were used for data extraction 
from PubChem compound resource. A substructure query 
was performed at PubChem Compound database by drawing 
the skeletons of parent flavone, flavanone, isoflavone and 
neoflavan scaffolds. Since flavanols stand as a subclass of 
flavone, inclusion of flavone in substructure search ensured 
presence of all flavonols in the present database. The result-
ing compound’s structures were downloaded in four separate 
SDF files. In order to ensure removal of duplicate records, all 
four SDF files were merged together and unique command 
from OpenBabel (O’Boyle et al. 2011) was used. Simulta-
neously, the images of corresponding flavonoids were also 
downloaded from PubChem. PubChem provides the litera-
ture associated with its compound to be downloaded from 
its FTP site (ftp.ncbi.nlm.nih.gov/pubch em/Compo und/

Table 1  Table showing some of the representative members of four major classes of flavonoids used in this study along with their Accession 
numbers in FlavoDb, common name and substituents R groups

Parent Skeleton FlavoDb 
Accession 
Number

Compound Name R Groups
2 3 4 5 6 7 8 1’ 2’ 3’ 4’ 5’ 6’

Fl
av

on
es

FD014813 Diosmin - H oxo OH H Sugar H - H OH O-CH3 H H

FD014837 Myricetin H CH-OH oxo OH H OH H CH H OH OH O
H

H

FD014761 Biochanin A H - oxo OH H OH H - H H O-CH3 H H

FD014769 Luteolin - H oxo OH H OH H - H OH OH H H

Fl
av

an
on

es

FD000001 Taxifolin H CH-OH oxo OH H OH H - H H OH O
H

H

FD001435 Eriodictyol H CH2 oxo OH H OH H - H H OH O
H

H

FD001452 Naringin H CH2 oxo OH H Sugar H - H H OH H H

FD000003 Naringenin H CH2 oxo OH H OH H - H H OH H H

Is
of

la
vo

ne
s

FD014862 Daidzein H - oxo H H OH H - H H OH H H

FD014797 Genistein H - oxo OH H OH H - H H OH H H

FD015104 Glycitein H - oxo H O-CH3 OH H - H H OH H H

FD014762 Formononetin H - oxo H H OH H - H H O-CH3 H H

N
eo

fla
va

ns

FD000817
7-Hydroxy-4-

phenylchroman-2-
one

oxo CH2 H H H OH H - H H H H H

FD002649
(4S)-6-methyl-4-

phenyl-chroman-2-
one

oxo CH2 H H - H H - H H H H H

FD002495
(4R)-6-hydroxy-4-

phenyl-3,4-
dihydrochromen-2-

one

oxo CH2 H H OH H H - H H H H H

FD002608
(4R)-5-methyl-4-

phenyl-chroman-2-
one

oxo CH2 H - H H H - H H H H H

ftp://ncbi.nlm.nih.gov/pubchem/Compound/Extras/CID-PMID.gz
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Extra s/CID-PMID.gz. Accessed 16 April 2018) as a single 
archive file. This archive file (CID-PMID file) represents 
the literature information by listing all PMIDs (PubMed IDs 
from PubMed) in the corresponding Compound IDs (CIDs 
from PubChem). The content of the original CID-PMID file 
corresponds to references of all compounds in PubChem 
compound resource. A script was then written to extract all 
PMIDs corresponding to flavonoids of interest and populate 
them in a separate table in the database. Similarly, common 
names and synonyms of flavonoids are also associated with 
CIDs that were downloaded from FTP site (ftp.ncbi.nlm.
nih.gov/pubch em/Compo und/Extra s/CID-MeSH. Accessed 
9 October 2018). Common names and synonyms were incor-
porated in the database as a separate table after processing 
the list in a similar way done for PMIDs above.

Descriptor and properties calculation

KNIME Version 3.3.1 was used for calculation of physico-
chemical properties and descriptors of the flavonoid com-
pounds. A KNIME workflow was setup with four nodes, 
‘SDF reader’, ‘Molecule to CDK’, ‘Molecular Properties’ 
and ‘Interactive table’. SDF reader is a generic node pro-
vided in a standard chemistry node repository in KNIME 
that is usually implemented to take SDF file as input and 
process them appropriately to be used in subsequent nodes. 
Further calculations were performed using nodes from 
Chemistry Development Kit (CDK) library. ‘Molecule 
to CDK’ node is generally used to parse and display the 
structures and works by converting the elements from the 
input table’s columns (SDF reader) to its own internal for-
mat called CDKCell. Data from CDKCell are further used 
for calculating physicochemical properties and descriptors. 
‘Molecular property’ is a node from CDK toolkit that calcu-
lates general properties like LogP, molecular weight (g/mol), 
H-bond donor, H-bond acceptor, topological polar surface 
area (Å2), rotatable bond count, heavy atom count, aromatic 
atoms count, aromatic bond count, bond count, element 
count that are routinely used in determining QSPRs. Addi-
tionally, this node provides some special descriptors like 
‘fragment complexity’ that is a standard measure of molecu-
lar complexity. Atomic polarizabilities and bond polarizabil-
ities reflect the tendency of distortion of molecular or atomic 
charge distribution under the influence of externally applied 
oscillating electromagnetic fields (Zalden et al. 2018), larg-
est chain and largest PI (π) chain descriptors correspond-
ing to the maximum number of atoms in the largest chain 
and number of atoms in the largest π system, respectively. 
Sp3 character (fraction of Sp3 carbons) corresponds to the 
ratio of number of Sp3 hybridized atoms to total number of 
atoms in a molecule including hydrogens (Yan and Gasteiger 
2003). Value of VABC volume descriptor is a group con-
tribution value based on van der Waals volume (Yin et al. 

2014). This descriptor is calculated by “sum of atomic and 
bond contributions (VABC) method” effectively described 
by Zhao et al. (2003).

Besides these physicochemical descriptors, the data-
base also features some topological descriptors. Topologi-
cal descriptors are based on graph theory. As per the graph 
theory, molecules are represented as collection of vertices 
(atoms) that are connected by edges (bonds between atoms). 
The two descriptors, i.e., eccentric connectivity index and 
petitjean number are based on the concept of eccentricity. As 
per definition by Rao (1994), “eccentricity E(i) of a vertex 
(i) in a graph G is the distance from i to the vertex farthest 
from i in G” as shown below (Rao 1994; Sharma et al. 1997).

Eccentric connectivity index is a topological descriptor 
that is calculated on the basis of valency and eccentricity 
of every vertex included in a molecular graph. As per its 
basic definition eccentric connectivity index (ξ) is the sum 
of product of degree of each (value of i starting from 1 to 
n) vertex (V) and eccentricity (I) in a hydrogen deficient 
molecular graph (Sharma et al. 1997) as shown below.

Petitjean number is another topological descriptor 
most often related to the eccentric connectivity index that 
accounts for the distance of a vertex in a graph to the most 
remote vertex in a graph (Petitjean 1992). Dearden defined 
the Zagreb index as “the sum of the squares of the number of 
non-hydrogen bonds formed by each heavy atom” (Gutman 
and Trinajstic 1972; Dearden 2017). Values from topological 
descriptor like vertex adjacency magnitude enables the user 
to distinguish molecules on the basis of branching degree, 
size and flexibility (Thangapandian et  al. 2011). These 
descriptors serve to be very handy while comparing proper-
ties of very similar molecules since this descriptor considers 
the molecules in terms of subset structure (Shi et al. 1998).

Database implementation

FlavoDb was configured in typical WAMP (Windows 
+APACHE  +MySQL +PHP) environment that runs on 
Windows based machine. The database was developed on 
conventional three layer design that consists of presentation 
layer, middle or intermediate layer and data layer (Jadhav 
et al. 2013). MySQL backend Relational Database Man-
agement System (RDBMS) was used to hold primary data. 
APACHE was used as main server engine that connects 
RDBMS to client layer (presentation layer). The presentation 

E(i) = max d(i, j)

j ∈ G.

� =

n
∑

i−1

E(i)V(i).

ftp://ncbi.nlm.nih.gov/pubchem/Compound/Extras/CID-PMID.gz
ftp://ncbi.nlm.nih.gov/pubchem/Compound/Extras/CID-MeSH
ftp://ncbi.nlm.nih.gov/pubchem/Compound/Extras/CID-MeSH
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layer was developed using HTML, CSS and JavaScript. Mid-
dle layer was implemented using PHP.

Structure searching tool

Structure searching tool was implemented as per established 
protocol published elsewhere (Kolte et al. 2018). Briefly, 
the structure searching utility was developed on FlavoDb 
by implementing JAVA based JSME plugin (Bienfait and 
Ertl 2013). JSME molecular editor enables the user to inter-
actively draw the desired chemical structure or upload the 
structure in MOL, SDF and SMILES format. All the unique 
compounds were compiled in a single SDF file. For structure 
similarity searches, FlavoDb relies on execution of Babel 
program from the OpenBabel Suite. Upon successful execu-
tion of a structure search query on the server, a fingerprint 
of the query compound in binary form is generated, which is 
consecutively matched with already precompiled fingerprint 
data in an SDF file. Before the data are tabulated and dis-
played on the HTML page, the output is temporarily saved in 
an intermediate file. A pictorial representation of the meth-
odology is depicted in Fig. 1.

Results and discussion

The initial substructure query made on the PubChem com-
pound database for collecting data was based on four par-
ent flavonoid scaffolds that yielded 1, 29,778 compounds. 
From these compounds, 10,378 entries were found to be 
duplicated and hence removed. Thus the resource contains 
1, 19,400 unique flavonoid compounds. Similarly, the origi-
nal CID-PMID file contained 50,510,380 (fifty million, five 
hundred ten thousand, three hundred eighty) records. After 
processing the file to extract only references for flavonoids, 
total of 1, 33,031 (one hundred thirty-three thousand and 
thirty one) citations were found to be associated with vari-
ous flavonoid entries in current version of FlavoDb. The 
utilization and important features of the database can be best 
understood using following three model examples.

Model query for basic search

The basic search is developed on this database in order to 
enable user to obtain information on a specific flavonoid 

Fig. 1  Summary of develop-
ment protocol used for FlavoDb
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compound. Thus, basic search can be conducted using fla-
vonoid’s common name, SMILES (simplified molecular-
input line-entry system) notations, PubChem compound 
ID, molecular formula and InChI (international chemical 
identifier) code. Upon successful execution of the query, 
the resulting page tabulates the results in five major sec-
tions like ‘Compound information’, ‘Calculated properties’, 
‘Topological descriptors’, ‘Bioavailability’ and ‘References’. 
The section ‘Compound information’ deals with description 
of compound’s basic information like its common name, 
IUPAC names, link to PubChem compound database, 
SMILES, molecular formula, InChI and InChI Key. InChI 
Key being unique and short in comparison to IUPAC names 
or InChI code, its inclusion in database offers an added 
advantage (Heller et al. 2013; Loharch et al. 2015). Section 
‘Calculated properties’ lists all physicochemical properties 
calculated via KNIME workflow. This section offers data 
for basic descriptors like LogP, molecular weight, hydrogen 
bond donors, hydrogen bond acceptors, topological polar 
surface area, rotatable bonds, heavy atom count, aromatic 
atom count, aromatic bond count, bond count and element 
count. In addition, we also computed and display some inter-
esting properties like fragment complexity descriptor, larg-
est chain and largest π chain, Sp3 character, VABC volume 
descriptor along with atomic and bond polarizabilities that 
are rarely discussed in literature in terms of flavonoid com-
pounds. The implication of these properties in general drug 
discovery are discussed as follows.

Fragment complexity descriptor is recognized as an 
important criteria in drug discovery since it is established 
that complexity in ligand molecule adversely affects the 
molecular recognition by the target protein (Hann et al. 
2001). Hence less complex molecules are preferred as start-
ing point in drug development procedures. The experimental 
application of π chain descriptor has been recently published 
in terms of pupaecidal and larvicidal activity against Culex 
quinquefasciatus mosquito (Andrade-Ochoa et al. 2018). In 
this study, the compounds with lower number of π chains 
have been found to be associated with lower pupaecidal 
and larvicidal activity of terpenoids and terpenes class of 
compounds. The Sp3 character is frequently associated with 
determining various properties of compounds including sol-
ubility of compounds (Kenny and Montanari 2013), CYP450 
inhibition, reducing protein binding effect, hERG binding 
potential and modulation of Caco-2 permeability (Yang et al. 
2012). Similarly, the effect of volume on activity of com-
pounds has been recently explored in term of VABC calcula-
tion (Halberstadt et al. 2018). In this study, the psychedelic 
effects of various lysergamide lysergic acid diethylamide 
(LSD) analogues via interaction with 5-HT2A receptor have 
been determined to correlate with volume properties of the 
inhibitor. Properties of compounds like atomic and bond 
polarizabilities are well established to link with the nerve 

toxicity in animal as well as human experimental models 
(Hansch and Kurup 2003).

In addition, we also provide an account of topological 
descriptors of flavonoids like eccentric connectivity index, 
Petitjean number, vertex adjacency magnitude and Zagreb 
index which are gaining an increased importance in defining 
QSPR models (Dearden 2017). For example, eccentricity-
derived properties (including eccentric connectivity index 
and Petitjean number) have been found to affect the analge-
sic properties of more than 90 methylene methyl ester and 
piperidinyl methyl ester derivatives (Sharma et al. 1997). 
Values of Zagreb index have been demonstrated in deter-
mining effective anti-inflammatory properties of N-ary-
lanthranilic acid analogues (Bajaj et al. 2005) and bind-
ing/clearance potential of antibiotics like cephalosporin in 
humans (Dureja et al. 2008). Values of vertex adjacency 
magnitude of quinolone-based compounds is reported to 
affect the NS2B/NS3 protease inhibitory action in Dengue 
Type-2 (DENV2) virus (Hariono et al. 2014). Inclusion of 
such diverse set of descriptors has added an extra scientific 
dimension to the data made available in this resource.

Section for bioavailability indicates the number of vio-
lations from Lipinski’s Rule of five (Lipinski et al. 2001). 
The final section provides the complete list of references 
associated with the flavonoid compound which are linked 
with PubMed. User can download the structure of individual 
compound in SDF format using ‘Click to download in SDF 
format’ link. Figure 2 demonstrates the result obtained from 
basic query taking Biochanin A as an example.

Model query for advanced search

Advanced search system empower user to formulate and 
execute complex queries. User can define any complex 
query combining various properties with an array of logi-
cal operators like =, ≠, < and >. User has independence 
to formulate the query individually or club them in com-
bination with other properties or operators. Such a feature 
enables the user to perform queries on user-defined filter-
ing rules or search the database using already defined rules 
including but not limited to Rule of 5 (Lipinski et al. 2001), 
Rule of 3 (Congreve et al. 2003), Opera drug-like (Oprea 
2000), Opera lead-like (Oprea et al. 2001), Veber (Veber 
et al. 2002), Egan (Egan et al. 2000), Martin (Martin 2005), 
etc. Additionally, it is also possible to search for a specific 
class of compound using multiple properties; for example, 
all Naringenin-like compounds following Rule of 5 can be 
effectively retrieved as demonstrated in Fig. 3. Since multi-
ple hits are expected in such queries, an intermediate page is 
designed to appear tabulating accession numbers, SMILES 
and molecular weights of the identified hits. A batch down-
load function is also made available on the intermediate page 
in the form of ‘Download selected’ button that allows the 
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Fig. 2  Steps involved while performing basic search on the database. Various options available to perform basic query (a). Intermediate page 
tabulating multiple hits (b) and detailed entry with all flavonoid properties, linked literature and 2D depiction of the compound (c)
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Fig. 3  Steps involved while performing advanced search on the data-
base. Complete list of properties available for searching the database 
and implementation of various operators is highlighted in blue box 

(a). Intermediate page tabulating multiple hits (b) and detailed entry 
of flavonoid Naringenin (c)
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user to effectively retrieve all or set of selected compounds 
in a single SDF file and save them on the local disk. The 
detailed entry for the selected flavonoid compound can be 
reached by clicking the accession numbers on the interme-
diate page.

Model query for structure search

This function is intended to allow the user to search com-
pounds similar to given input compound. For example, as 
demonstrated in Fig. 4, the user can search for compounds 
that are structurally similar to Taxifolin by interactively 
drawing the structure in JSME molecular editor (Bienfait 
and Ertl 2013). Upon successful execution of the query, an 
intermediate page shall appear tabulating the SMILES and 
PubChem identifiers of the structurally similar compounds. 
All the features discussed for intermediate page in advanced 
search utility above are applicable here.

Role of flavonoids in management of a few major 
diseases

Recent literature suggests interesting correlation of various 
classes of flavonoids with some major human diseases and 
medical conditions. The following section is aimed to sum-
marize the role of flavonoids in therapeutic perspective.

Various flavonols like Rutin, Fisetin, Kaempferol, Isor-
hamnetin and Morin are established to possess anti-diabetic 
effects. For example, all the above mentioned flavonols 
induce the antidiabetic effect using antihyperglycemic or anti 
hypolipemic activities (AL-Ishaq RK etal. 2019). Various 
flavanones like Hesperidin are reported to act by modulat-
ing enzymatic functions of glucose metabolism enzymes to 
reduce glucose levels in blood (Jung et al. 2004, Agrawal 
et al. 2014). Naringenin is demonstrated to act as antidia-
betic agent by delaying glucose absorption by inhibiting 
enzymes like α-glucosidases expressed in intestines (Li et al. 
2006). It is also associated with activation of AMPK signal-
ling pathway that results in maintaining insulin sensitivity 
and improves tolerance to glucose levels (Pu et al. 2012). 
Flavones like Baicalein are reported to act by modulating 
the MPK pathway; it phosphorylates IRS-1/Akt and simul-
taneously dephosphorylate NFK-B protein. These events 
in turn result in reduction of insulin resistance effect (Yin 
et al. 2018). Apigenin enhances the translocation of GLUT4 
transport on surface and helps in lowering the glucose level 
in blood (Kim et al. 2007). It is also known to increase cho-
lesterol in serum and enhance lipid peroxidation to show its 
anti-diabetic effects (Panda and Kar 2007). Isoflavones like 
Genistein and Daidzein are also characterized to play an 
important role in controlling diabetic conditions. Genistein 
is demonstrated to activate the PKA/cAMP pathway by inhi-
bition of tyrosine kinase activity of receptors resulting in 

reduction of hyperglycemia (Palanisamy et al. 2008; Val-
secchi et al. 2011). In a Golden Syrian hamsters involving 
animal study, another Isoflavone Daidzein is suspected to 
decrease blood glucose levels by interfering the signalling 
pathway with AMPK dependent phosphorylation event (Das 
et al. 2018).

Flavones like Lutein activates apoptosis event by down 
regulating genes like Bax, Bcl-2, Bad (Ma et al. 2015) and 
up regulates p38 and caspase cascade to act as anti-can-
cer agents (Cho et al. 2015). Another flavone, Apigenin, 
upregulates Snail/Slug and Akt pathway that restricts the 
migratory and invasive properties of cancerous cells (Chang 
et al. 2018). Flavonols like Kaempferol are experimentally 
validated to down regulate STAT3 or claudin-2 dependent 
signalling to inhibit inhibition of cell proliferation (Sonoki 
et al. 2017), while Fisetin activates Apoptosis by modu-
lating ERK mediated signalling (Wang and Huang 2018). 
Flavanones including Hesperetin interfere with HFKb-p65 
signalling resulting in reduction of cancer cell proliferation 
(Ramteke and Yadav 2019), while Naringenin is known to 
induce apoptosis by upregulating DR5 and Bid pathways 
(Jin et al. 2011). Isoflavones like Daidzein result in apop-
tosis in cancerous cells by down regulating STK and YAP1 
signalling (Chen et al. 2017), while Genistein brings out the 
same effect by up regulating Cdc25B and survivin dependent 
signalling (Tian et al. 2014).

Flavones (Formononetin, Biochanin-A, Diosmin and 
Myricetin), Flavanones (Taxifolin, Naringin, Naringenin, 
Hesperidin and Hesperitin) and Flavonol like Silibinin are 
experimentally demonstrated to be effective Cyclooxygenase 
inhibitors and thereby generate an excellent COX-2 selective 
anti-inflammatory response (Meshram et al. 2019; Gacche 
et al. 2015a, b).

Limitations of the resource

The resource presented here offers molecular descriptor data 
that can be very effectively utilized to generate and analyse 
QSPR models. However, in its current version, activity-
related data are not presented in the database that might 
limit its utility in generating QSAR models. Further develop-
ments are on the way to incorporate activity data to FlavoDb 
in upcoming versions.

Conclusion

In the current report we presented effective development 
of a user-friendly chemical resource ‘FlavoDb’ that hosts 
data on 1, 19,400 flavonoid compounds from natural as well 
as synthetic origin. FlavoDb hosts data on not only gen-
eral properties of flavonoids but also features some inter-
esting physicochemical as well as topological properties of 



3 Biotech (2019) 9:431 

1 3

Page 9 of 11 431

Fig. 4  Steps involved while performing structure search on the database. Interface for JSME editor with interactively drawn structure of Taxifo-
lin (a). An intermediate page populated with flavonoids structurally similar to Taxifolin (b). Detailed Entry of Taxifolin (c)
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nutraceuticals and therapeutic values. The effective querying 
system designed and described in this report is expected to 
provide free access to retrieve the relevant flavonoid infor-
mation for the scientific community. The structural simi-
larity tool implemented here can be used to pinpoint data 
on flavonoids that are of user’s interest. Finally, we report 
successful integration of flavonoid’s physicochemical, topo-
logical and literature data under a single roof that can aid in 
derivation of large-scale QSPR models to understand diverse 
structural and functional aspects of this class of compounds.
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