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Abstract

Background: This research article aims to study at molecular level by in silico GRIP docking the effectivity of the
detected compounds in value added black tea or VABT, prepared in a chemometrically optimized ratio of Black tea:
Cinnamon (Cinnamomum zeylanicum):Ginger (Zingiber officinale):Cardamom (Elettaria cardamomum) in combating
diabesity.

Results: The compounds in VABT were identified by liquid chromatography-mass chromatography. Basing on the
desirability function, the chemometrically optimized weight ratio of VABT was determined to be 420:50:54:26 (Black
tea:cinnamon:ginger:cardamom). Among the identified molecules, phlorizin, 6-gingerol, procyanidin, and
epicatechin were docked with insulin receptor kinase, pancreatic lipase-colipase complex, and human FTO. The
high negative dock scores of the test molecules in inhibiting the enzymes suggest their potency.

Conclusions: Thus, the results of in silico studies predicted the potency of VABT in combating diabesity. VABT thus
has potency and can serve as a nutrotherapeutic entity against diabesity.
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Background
The incidence of “nutrition transition” increase work
place stress; involvement in sedentary leisure time has
played a great role in increased incidence of chronic dis-
eases. Diabesity is the combined epidemic of type 2 dia-
betes and obesity. This lifestyle disease is affected by a
multitude of pathogenic factors viz. lipotoxicity, oxida-
tive stress, and disturbances in leptin levels. Almost all
available treatment options with thiazolidinediones, sul-
phonylureas, meglitinides, and insulin are associated
with weight gain as one of the side effects. Approved
anti-obesity drugs are also not free of side effects. Lipo-
suction by surgical procedure or bariatric surgery is not
a viable option in the Indian context (McNaughton
2013; Belavic 2015). The changing landscape of treat-
ment strategy has focused considerably on therapeutic

lifestyle changes that refer mostly to dietary interven-
tions, increase in physical activities, avoidance of seden-
tary lifestyle, etc. along with pharmacotherapy (Mitra
et al. 2012). The incorporation of integrative medicine
that hyphenates the evidence-based complementary
therapy with the conventional approaches is now being
widely implemented in treating several chronic ailments
(De et al., 2019a, b; Medagama 2015). Research evi-
dences have shown the great adjunct potentialities of
plant bioactives as multi target entities in treating several
multifactorial ailments. However, their nutro-health ef-
fects can be maximally exploited on identification of po-
tential molecular targets. Plant secondary metabolites
(PSMs) either as nutraceuticals or dietary supplements
mostly in combinations or combinatorics are found to
show synergistic nutrotherapeutic effects (Mohamed
et al. 2014; De et al., 2019a, b; De et al., 2015a, b). Value
addition in nutraceuticals, food combinatorics, and
multi-component concentrates are already in vogue. Di-
versification products of the popular beverage tea
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(Camellia sinensis) have already attained the global at-
tention (Ghosh and Yang 2015).
Successful implementation of bioinformatics tools for

the fast and frugal screening of pharmacologically active
compounds from the complex matrix of medicinal
plants has reduced labor, cost, and time. GRIP™ is a
novel methodology available as rigid as well as flexible
docking for rapid, accurate protein-peptide and protein-
ligand docking as studied by the V Life software. The
aim of protein-ligand docking is to calculate the binding
energy of the protein-ligand reaction complex at given
atomic coordinates. The key parameters for flexible
docking include energy functions, protein catalytic sites,
and active residues. It makes use of a set of ligands with
its conformers to be docked into the receptor cavity.
This software helps to search for the active sites, consists
of pre-computation of grids, and tries to maximize fa-
vorable interaction and minimize unfavorable and repul-
sive interaction by proving the best possible orientation.
GRIP-scoring function helps in quick and precise deter-
mination of ligand-receptor interactions in the active
sites of proteins. In GRIP docking, unique conformers of
a set of ligands are considered as input and offer the ad-
vantages of wide range of parameterizations, both
ligand-guided as well as cavity-guided docking options,
consider hydrogen bonding, repulsions, and dispersion
interactions in different modes of operations, e.g., man-
ual, automated, and batch mode (De et al., 2017a, b;
Bhandari et al. 2015). Literature mining reported the role
of docking studies in screening of phytomolecules exhi-
biting different pharmacological actions (Meruva et al.
2014; Jadhav et al. Singla and Bhat, 2010a, b; Singla et al.
2013; Jawla and Kumar 2013; Malleshappa and Patel
2013; Kaushik et al. 2014; Mahendran et al. 2014; Igoli
et al., 2014a, b, c, d).
This research article aims to study at molecular level

by in silico GRIP docking the effectivity of the detected
compounds in value added black tea or VABT, prepared
in a chemometrically optimized ratio of Black tea:Cinna-
mon (Cinnamomum zeylanicum):Ginger (Zingiber offici-
nale):Cardamom (Elettaria cardamomum) in combating
diabesity.

Materials
Chemicals and reagents
All reagents used in the research were of analytical and
HPLC grade and were purchased from Merck (India)
and Sigma Aldrich (India).

Instruments
Instruments used were HPLC (Model Waters 2998);
FTIR (Nicolet 6700, Thermo Fischer Scientific); and 1H
and 13C NMR (Bruker NMR Avance).

Software
Chemometrics was done by Design Expert Trial version
7.0; GRIP docking studies was done using the MDS V
Life software.

Preparation of value added black tea (VABT)
The mixture design approach of response surface meth-
odology (RSM) was applied to optimize the ratios of the
value added adjuvants with black tea for the synergistic
attainment of anti-diabesity effect. The ratios of the ad-
juvants with black tea have been optimized by mixture
design of RSM. Actually, the mixture design of RSM
holds good while working for optimizations with a mix-
ture or food components, chemical compositions or
drug formulations (Simon et al. 1999). VABT can be
considered as an edible food mixture. In any experi-
ment, mixture design is chosen when the components
are added to a fixed total. If the percentage of one
component is increased, then the percentage of other
components is to be decreased, and the response
must be the function of the proportion of the compo-
nents. Mixture approach offers the advantage of de-
fining the experimental region of interest more
naturally (Simon et al. 1999).
With the help of Design Expert Trial version 7.0, the

entire RSM for optimizing the ratios of VABT was car-
ried out. Software-based suggested and statistically sig-
nificant models have been chosen. Oxygen radical
absorbance capacity (ORAC) and organoleptic scores are
the independent variables so as to optimize the ratio of
VABT with components Black tea, cinnamon, ginger,
and cardamom.

Preparation of VABT Basing on the chemometrically
optimized weight ratio of 420:50:54:26 (Black tea:cinna-
mon:ginger:cardamom), the total mixture was subjected
to hot water maceration for 3 h and then subjected to fil-
tration. The filtrate was centrifuged at 4000 rpm for 10
min, and the supernatant was collected and concen-
trated under rota evaporation. The concentrated mass
was dried in hot air oven at 50 °C in sterile petri dishes,
and the dried mass scraped out in powdered form and
stored in air tight containers.

Chemo profiling of VABT by liquid chromatography-mass
spectroscopy
Chemo profiling of VABT was done by LC-MS using
0.2% acetic acid and acetonitrile at a flow rate of 1 ml/
min. Mass spectrometer with the capability of electro-
spray ionization (ESI) switching between the positive
and negative polarity conditions were used. ESI negative
modes were used for detecting the catechins and ESI
positive mode for detecting the theaflavins. The capillary
voltage was maintained at 3 kV, cone voltage at 30 V,
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and extractor voltage at 4 V for both positive and nega-
tive mode to achieve the best sensitivity for the analytes.
The source temperature and desolvation temperature
were maintained at 150 °C and 625 °C respectively. The
cone gas flow rate was kept at 50 L/h and that of salva-
tion gas flow rate at 1100 L/h (Ganguly et al. 2016).

Spectral identification by Fourier transform infrared
spectroscopy
For FTIR studies, VABT was properly blended with KBr.
Then KBr pellets were prepared and scanned in the
range of 4000–400 cm−1. A resolution of 4 cm−1was
used.

In silico GRIP docking studies
In order to understand at molecular level how the
nutrotherapeutic product VABT is exerting its anti-
diabesity effect, a very robust software V Life MDS ver-
sion 4.6 with inclusion of all the necessary simulation
modules were applied for the same (V Life MDS 2013).

Target proteins used
3EKK is an insulin receptor kinase complexed with an
inhibitor. Inhibitor is 2-[(2-{[1-(N,N-dimethylglycyl)-5-
methoxy- 1H-indol-6-yl] amino}-7H-pyrrolo [2,3-d] pyr-
imidin- 4-yl) amino]-6-fluoro-N-methylbenzamide.
Source for the protein is human [https://www.rcsb.org/
pdb/explore/explore.do?structureId=3EKK]. 1N8S is a
pancreatic lipase-colipase complex. Co-enzyme is Coli-
pase II. Source for the protein is human [http://www.
rcsb.org/structure/1N8S]. 4CXW is a human FTO in
complex with subfamily-selective inhibitor 12. Inhibitor
is (2E)-4-[N'-(4-benzyl-pyridine-3-carbonyl)-hydrazino]-
4-oxo-but-2-enoic acid. Source for the protein is human
[http://www.rcsb.org/structure/4CXW].

Docking studies
The necessary data and information about the structure
of these proteins was obtained from RCSB Protein Data
Bank (PDB). VLife MDS version 4.6 was used for current
docking study (Pokuri et al. 2014; www.vlifesciences.
com). The 2D structures of the active compounds in
VABT (e.g., phlorizin, epicatechin, 6-gingerol, procyani-
din) as detected and confirmed in LCMS studies were
drawn using ChemDraw Ultra 8.0 and further exported
it to the VLife MDS 4.6. Energy minimization was done
using Merck Molecular Force Field (MMFF) and MMFF
atomic charge with 1.0 constant as distance-dependent
dielectric function, 10,000 maximum number of cycles,
0.01 as root mean square (rms) gradient, and gradient
numerical followed by analytical. For docking validation,
the reference ligand was re-docked just like other test
molecules. The parameters fixed for docking simulation
was like this: number of placements, 100; rotation angle,

10°; exhaustive method; ligand-wise results, 10; scoring
function: dock score. By rotation angle, ligands would be
rotated inside the receptor cavity to generate different
ligand poses inside the receptor cavity. By placements,
the method will check all the 100 possible placements
into the active site pocket and will result out best place-
ments out of 100. After docking simulation, the best
docked conformer of test ligands and reference ligand
were then checked for their interactions with targeted
proteins like hydrogen bonding, hydrophobic, pi-staking/
aromatic, charge and van der Waal’s interactions (De
et al., 2015a, b; Ghosh and Yang 2015; De et al., 2017a,
b; Bhandari et al. 2015; Meruva et al. 2014; Jadhav et al.;
Singla and Bhat, 2010a, b; Singla et al. 2013; Jawala and
kumar 2013; Malleshappa and Patel 2013; Koushik et al.
2014; Mahendran et al. 2014; Igoli et al., 2014a, b, c, d).

Results
Considering the results of RSM for optimizing the ratios
of additives with black tea, the process order fits to
quadratic design model with ORAC values as response 1
and organoleptic scores as response 2. With both re-
sponses (1 and 2), the normal plot of residuals helps to
measure the number of standard deviations separating
the actual and predicted values, and the normality as-
sumption was satisfied with very less scattering of points
and fitted almost to a straight line (Fig. 1). The model
summary statistics focus on the model maximizing the
“adjusted R-squared” and “predicted R-squared” values.
The “R-squared” values of 0.9936 (response 1) and
0.9870 (response 2) having closeness to unity showed a
good fitness between the actual and that obtained from
the response model. The desirability values for the re-
sponses are shown in (Fig. 2). The dot on each ramp
function graph indicates the optimal level of the param-
eter. The desirability function value ranges from zero,
outside of the limits, to one at the goal; the purpose of
the program is to maximize the function; seeking of goal
begins at a random starting point and proceeds up the
steepest slope to a maximum.
The LC-MS chromatogram of VABT (Fig. 3) showed

the presence of several compounds; however, those with
good abundances were detected within the retention
time range of 1.2–31.68 min.
The presence of compounds were confirmed both by

chromatographic and MS data and also comparison with
retention times as well as UV-vis spectra and maximum
absorption wavelength (Fig. 4). Tea catechins were de-
tected in the ESI negative mode, and the powerful black
tea antioxidants, the theaflavins, were detected in the
ESI positive mode.
Tea catechins were detected in the ESI negative mode,

and the powerful black tea antioxidants the theaflavins
were detected in the ESI positive mode, within the mass
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range of 100–1000m/z quercetin derivatives, tea cate-
chins, theaflavins, kaempferol -3-O- glucoside (Fig. 5).
The detected compounds include gallic acid (m/z 169),
caffeine (m/z 195), catechin and epicatechin (m/z 289),
gallocatechins and epigallocatechins (m/z 305), galloca-
techin gallate and epigallocatechin gallate (m/z 457), and
catechin gallate and epicatechin gallate (m/z 441). In
addition, VABT showed the presence of cinnamaldehyde
(m/z 133), coumarins (m/z 147), and the polymerized
polyphenols, the procyanidins. Proanthocyanidins are
various length polymers of flavanols (catechins and their
ent-isomers) linked through a single C4 → C8 or C4 →
C6 bond (B-type) or with an additional C2 → O → C7
or C2 → O → C5 bond (A-type). There are two main
varieties of procyanidin oligomers that occur in plants.
These can be distinguished from each other by mass
spectrometric analysis. For example, the A-type procya-
nidin trimers and tetramers have molecular masses of
864 and 1152 Da, whereas the comparable B-type pro-
cyanidin trimers and tetramers have molecular masses of
866 and 1154 Da, respectively. Type A trimer proantho-
cyanin (m/z 865), tetramers (m/z 1153.2629), pentamers
(m/z 1441.3259), type B trimers (m/z 867.2134), and tet-
ramers (m/z 1155.2782) were detected in VABT.

In addition, the MS spectra of several compounds
eluted at different tR showed the presence of several gin-
gerol related compounds. 4, 6, and 8-gingerols were
identified within the retention times of 25.6, 32.6, and
38.7 min, detected both in negative and positive ESI
mode with the corresponding m/z values of m/z 265 and
249 for 4-gingerol, m/z 293 and 277 for 6-gingerol, m/z
321 and 305 for 8-gingerol; 6-shogaol was eluted at 35.8
min with m/z 275 and 277 in both negative and positive
ESI mode. 6-Paradol eluted at 38.2 min was detected in
positive ESI mode (m/z 279).

Spectral interpretation
As shown above in LCMS studies, VABT is a matrix of
several active compounds, and thus, the resultant spectra
is a finger print of the presence of different molecules.
The spectrum indicated the presence of aliphatic O–H
groups in the range of 3000 to 3600 cm−1. The bands at
2800–2950 cm−1 displayed two stretching peaks; CH2

and CH3 are well separated (2944 and 2832 cm−1); band
at 1030 cm−1 indicated the presence of C–O group. N–
H, O–H, C=C, and C=O stretching peaks were observed
at 3387.5 cm−1, 3677.5 cm−1, 1652.5 cm−1, and 1517.5
cm−1, respectively. FTIR bands (cm−1) were observed at

Fig. 1 Normal plot of residuals with ORAC value (above) as response 1 and organoleptic score (below) as response 2
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Fig. 2 Desirability ramp function graph

Fig. 3 Representative LCMS chromatogram of VABT
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Fig. 4 Representative MS spectra in negative mode of compounds in VABT eluted at 2.4 min retention time

Fig. 5 Representive MS spectra in positive mode of compounds in VABT eluted at 5.6 min retention time
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3383 (OH), 1640 (C=O), 1580, 1450 (Ar), 1200 (Ar-O-
C), and 1087 (C-OC) that matched with the standard
FTIR spectra of phlorizin. The polymers of procyanidin
type mostly show single peaks at 1520–1540 cm−1 and
absorption peak at 770–780 cm−1. VABT showed the
presence of strong absorption peaks at 2920 cm−1 and
1150 cm−1 showing the presence of procyanidins. Some
catechins gave bands at 1519 cm−1; the methyl xanthenes
also showed their characteristic IR bands; the CO stretch
due to imide functionality was observed at 1690 cm−1

showing the presence of theobromine; the two bands in
the carbonyl region, the one at 1700 cm−1 due to the CO
stretch of the disubstituted amide and the other band at
1656 cm−1 due to CO stretch of urea indicated the pres-
ence of caffeine.

Docking studies
Comparison of docking affinity of the pharmacologically
active molecules with the ligand based cocrystallized site
of the targeted proteins (Table 1) have shown that the
highest negative dock score was shown by the reference
ligand. However, the high negative dock scores of the
identified molecules in VABT, e.g., phlorizin (−86.04), 6-
gingerol (−79.33), and epicatechin (−82.53), in inhibiting
the target protein 4CXW (human alpha-ketoglutarate-
dependent dioxygenase FTO) also showed their effectiv-
ity in comparison to the reference ligand. Procyanidin
was also found to be a potent molecule in inhibiting the
target proteins 3EKK and 1N8S (Table 1). Gingerol also
showed significant potency in inhibiting 3EKK and
1N8S.
Considering the target protein, human insulin receptor

kinase (3EKK, PDB) was used to study the interactions
between the test molecules and the human insulin re-
ceptor kinase, and it was compared with the reference
ligand which is 2-[(2-{[1-(N,N-dimethylglycyl) -5-meth-
oxy-1H-indol-6-yl] amino}-7H-pyrrolo [2,3-d]

pyrimidin- 4-yl) amino] -6-fluoro-N-methylbenzamide.
Among the test molecules, phlorizin and procyanidin are
still the promising one in context to the affinity. Phlori-
zin has van der Waal’s interactions with Leu1002A,
Gly1003A, Gln1004A, Gly1005A, Val1010A, Ala1028A,
Lys1030A, Val1060A, Leu1078A, Met1079A, Ala1080A,
Gly1082A, Asp1083A, and Met1139A while having
hydrophobic interactions with Leu1002A, Gly1003A,
Gln1004A, Val1010A, Ala1028A, Leu1078A, Met1079A,
Gly1082A, Asp1083A, and Met1139A amino acid resi-
dues of active site of 3EKK which was tracked by the
cocrystallized ligand. 6-Gingerol has van der Waal’s in-
teractions with Leu1002A, Gly1003A, Gln1004A,
Val1010A, Ala1028A, Lys1030A, Val1060A, Met1076A,
Met1139A, Gly1149A, and Asp1150A while having
hydrophobic interactions with Gly1003A, Gln1004A,
Gly1005A, Val1010A, Ala1028A, Lys1030A, Met1076A,
and Met1139A amino acid residues of 3EKK’s active
site.
Procyanidin has van der Waal’s interactions with

Leu1002A, Gly1003A, Gln1004A, Gly1005A, Val1010A,
Gly1082A, Asp1083A, Arg1136A, Asn1137A, and
Met1139A while having hydrophobic interactions with
Gly1003A, Gln1004A, Gly1005A, and Asp1083A amino
acid residues of active site of the human insulin receptor
kinase. Along with that, procyanidin has hydrogen bond-
ing with Gln1004A at a bond distance of 2.030 Å. Epicat-
echin has van der Waal’s interactions with Leu1002A,
Gly1003A, Gln1004A, Gly1005A, Val1010A, Leu1078A,
Ala1080A, Gly1082A, Asp1083A, and Met1139A while
having hydrophobic interactions with Gly1082A and
Met1139A amino acid residues of active site of 3EKK.
Reference ligand, 2-[(2-{[1-(N,N-dimethylglycyl)-5-meth-
oxy-1H-indol-6-yl]amino}-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino]-6-fluoro-N-methylbenzamide, has van der
Waal’s interactions with Leu1002A, Gly1003A,
Gln1004A, Gly1005A, Ser1006A, Val1010A, Arg1026A,
Ala1028A, Val1060A, Met1076A, Glu1077A, Leu1078A,
Met1079A, Ala1080A, Gly1082A, Asp1083A, Ser1086A,
Met1139A, and Asp1150A while having hydrophobic in-
teractions with Leu1002A, Gly1003A, Gln1004A,
Gly1005A, Val1010A, Glu1012A, Leu1078A, Ala1080A,
Gly1082A, Asp1083A, Ser1086A, Met119A, and
Asp1150A amino acid residues of active site of 3EKK. Ref-
erence ligand also charge interaction with Asp1083A at a
bond distance of 2.748 Å while having hydrogen bonding
with Glu1077A and Asp1083A at a bond distance of 1.916
and 2.453 Å respectively and with Met1079A at bond dis-
tance of 1.984 and 2.071 Å (Fig. 6).
Human pancreatic lipase (1N8S PDB) was used to

study the interactions between the test molecules and
the human pancreatic lipase, and it was compared with
the reference ligand which is colipase II. Colipase II is a
small protein co-factor which facilitates pancreatic lipase

Table 1 Comparison of docking affinity of the test molecules
with the ligand based cocrystallized site of the targeted
proteins

Detected compounds Scoring functiona

3EKK 1N8S 4CXW

Phlorizin −77.76 −62.33 −86.04

6-Gingerol −61.79 −53.47 −79.33

Procyanidin −69.76 −71.20 −30.36

Epicatechin −53.04 −45.58 −82.53

Corresponding reference ligandb −104.08 −72.27 −86.16

Corresponding reference ligandc −104.08 −72.95** −86.42***

*RMSD in this case is 0.5; **RMSD in this case is 0.025; ***RMSD in this case
is 0.004
aPLP score
bDock score obtained when co-crystallized ligand was acting as tracker
cDock score obtained when co-crystallized ligand was acting as test molecule
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for its optimal activity. With reference to Table 1, it was
observed that the procyanidin have comparable affinity
for the target protein as compared to the reference lig-
and. Phlorizin has van der Waal’s interactions with
Leu356A, Lys367A, Gln368A, Glu370A, Ile401A,
Tyr403A, and Glu441A while having hydrophobic inter-
actions with Leu356A, Lys367A, Gln368A, and Tyr369A
amino acid residues of active site of human pancreatic
lipase, 1N8S, which was tracked by the cocrystallized lig-
and. Along with that, phlorizin has aromatic interaction
with Tyr403A at a bond distance of 4.710 Å while having
hydrogen bonding with Lys367A and Glu370A at a bond
distance of 2.342 and 1.343 Å respectively. 6-Gingerol
has van der Waal’s interactions with Leu356A, Phe360A,
Asn365A, Ser366A, Lys367A, Gln368A, Tyr369A,
Glu370A, and Tyr403A while having hydrophobic inter-
actions with Leu356A, Asn365A, Lys367A, and Gln368A
amino acid residues of active site of 1N8S. 6-Gingerol
also has hydrogen bonding with Gln368A at a bond dis-
tance of 1.855 Å and with Tyr403A at bond distance of
2.464 and 2.599 Å. Procyanidin has van der Waal’s inter-
actions with Leu356A, Lys367A, Gln368A, Tyr369A,
Glu370A, Phe386A, and Tyr403A while having hydro-
phobic interactions with Leu356A, Lys367A, Gln368A,
Tyr369A, and Glu370A amino acid residues of active site
of human pancreatic lipase. Procyanidin also has aro-
matic interaction with Tyr403A at a bond distance of
4.914 Å while having hydrogen bonding with Lys367A at
a bond distance of 2.003 Å. Epicatechin has van der
Waal’s interactions with Lys367A, Gln368A, Tyr369A,
Glu370A, Phe386A, and Asp387A while having hydro-
phobic interactions with Leu356A, Lys367A, Tyr369A,
and Glu370A amino acid residues of active site of 1N8S.
Apart from that, epicatechin has aromatic interaction
with Tyr369A at a bond distance of 4.608 Å while having

hydrogen bonding with Lys367A and Glu370A at a bond
distance of 1.329 and 2.000 Å respectively. Reference lig-
and, colipase II, has van der Waal’s interactions with
Phe360A, Asn365A, Ser366A, Lys367A, Gln368A,
Asp389A, Val390A, Lys399A, Ile401A, Tyr403A,
Glu441A, and Leu443A while having hydrophobic inter-
actions with Leu356A, Ser366A, Lys367A, Gln368A,
Lys399A, Ile401A, Tyr403A, Glu441A, and Leu443A
amino acid residues of 1N8S. Colipase II also has charge
interactions with Lys399A, Asp389A, and Glu441A at a
bond distance of 2.945, 4.740, and 3.477 Å respectively
while having hydrogen bonding with Asp389A at bond
distance of 1.866 and 2.446 Å and with Glu441A at a
bond distance of 2.486 Å (Fig. 7).
4CXW PDB was used to study the interactions be-

tween the test molecules and the human alpha-
ketoglutarate-dependent dioxygenase FTO, and it was
compared with the reference ligand which is (2E)-4-[N'-
(4-benzyl-pyridine-3-carbonyl)-hydrazino]-4-oxo-but-2-
enoic acid. With reference to Table 1, it was observed
that the phlorizin, 6-gingerol, and epicatechin have com-
parable affinity for the target protein as compared to the
reference ligand. Phlorizin has van der Waal’s interac-
tions with Thr92A, Pro93A, Val94A, Arg96A, Tyr106A,
Tyr108A, Leu109A, Ala227A, Val228A, Ser229A,
Trp230A, His231A, His232A, Asp233A, Glu234A, and
Arg322A while having hydrophobic interactions with
Thr92A, Pro93A, Val94A, Leu109A, Val228A, Ser229A,
His231A, and Glu234A amino acid residues of active site
of 4CXW which was tracked by the reference ligand.
Along with that, phlorizin has aromatic interactions with
Tyr108A and His231A at a bond distance of 5.423 and
4.625 Å respectively while having hydrogen bonding with
Arg96A and Tyr106A at a bond distance of 1.933 and
1.229 Å respectively and with Arg322A at bond distance

Fig. 6 Hydrogen bonding of procyanidin with cocrystallized ligand-tracked active site in 3EKK (left). Hydrogen bonding and charge interactions of
reference ligand with cocrystallized ligand tracked active site in 3EKK (right)
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of 2.506, 2.499, and 2.494 Å. 6-Gingerol has van der
Waal’s interactions with Ile85A, Pro93A, Arg96A,
Tyr108A, Leu109A, Met226A, Ala227A, Val228A,
Ser229A, His231A, His232A, Asp233A, Glu234A, and
Arg322A while having hydrophobic interactions with
Ile85A, Pro93A, Leu109A, Leu203A, Leu215A, Val228A,
Ser229A, and His231A amino acid residues of active site
of 4CXW. 6-Gingerol also has aromatic interactions with
Tyr108A and His231A at a bond distance of 5.062 and
4.336 Å respectively while having hydrogen bonding with
Tyr106A, Glu234A, and Arg322A at a bond distance of
2.508, 1.779, and 2.573 Å respectively. Procyanidin has
van der Waal’s interactions with Ile85A, Thr92A,
Pro93A, Arg96A, Tyr108A, Leu109A, Ala227A,
Val228A, Ser229A, Trp230A, His231A, His232A,
Asp233A, Glu234A, and Arg322A while having hydro-
phobic interactions with Ile85A, Leu109A, Val228A, and
His231A amino acid residues of active site of 4CXW.
Procyanidin also has aromatic interactions with His231A

at bond distance of 4.313 and 3.684 Å while having
hydrogen bonding with Ser229A, Trp230A, and
Glu234A at a bond distance of 2.010, 2.245, and 1.519 Å
respectively. Epicatechin has van der Waal’s interactions
with Thr92A, Pro93A, Val94A, Arg96A, Tyr108A,
Leu109A, Ala227A, Val228A, Ser229A, His231A,
His232A, Asp233A, and Glu234A while having hydro-
phobic interactions with Leu109A, Val228A, and
His231A amino acid residues of active site of 4CXW.
Along with that, epicatechin has aromatic interaction
with His231A at a bond distance of 4.077 Å while having
hydrogen bonding with Arg96A and Glu234A at a bond
distance of 2.587 and 2.477 Å respectively. The reference
ligand, (2E)-4-[N'-(4-benzyl-pyridine-3-carbonyl)-hydra-
zino]-4-oxo-but-2-enoic acid, has van der Waal’s inter-
actions with Arg96A, Tyr106A, Tyr108A, Leu109A,
Leu203A, Asn205A, Val228A, His231A, His232A,
Asp233A, Glu234A, Val244A, Tyr295A, His307A,
Val309A, Arg316A, Ser318A, Thr320A, and Arg322A

Fig. 7 Hydrogen bonding and aromatic interactions of phlorizin with cocrystallized ligand-tracked active site in 1N8S (top left). Hydrogen
bonding of 6-gingerol with cocrystallized ligand-tracked active site in 1N8S (top right). Hydrogen bonding and aromatic interactions of
procyanidin with cocrystallized ligand-tracked active site in 1N8S (bottom left). Hydrogen bonding and aromatic interactions of epicatechin with
cocrystallized ligand-tracked active site in 1N8S
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while having hydrophobic interactions with Tyr108A,
Leu109A, Val228A, His231A, Asp233A, Glu234A,
Val244A, Val309A, Ser318A, and Thr320A amino acid
residues of active site of human alpha-ketoglutarate-
dependent dioxygenase FTO. This reference ligand also
has charge interactions with Asp233A and Glu234A at a

bond distance of 4.231 and 4.640 Å respectively while
having hydrogen bonding with His231A at bond distance
of 1.923 and 2.195 Å and with Glu234A at bond distance
of 2.126 and 1.850 Å and with His307A, Arg316A,
Ser318A, and Arg322A at a bond distance of 2.031,
2.259, 2.028, and 1.802 Å respectively. Along with that

Fig. 8 (a) Hydrogen bonding and aromatic interactions of phlorizin with cocrystallized ligand-tracked active site in 4CXW. (b) Hydrogen bonding
and aromatic interactions of 6-gingerol with cocrystallized ligand-tracked active site in 4CXW. (c) Hydrogen bonding and aromatic interactions of
procyanidin with cocrystallized ligand-tracked active site in 4CXW. (d) Hydrogen bonding and aromatic interactions of epicatechin with
cocrystallized ligand-tracked active site in 4CXW. (e) Hydrogen bonding and charge interactions of reference ligand with cocrystallized ligand-
tracked active site in 4CXW
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the reference ligand also has metal interactions with
Ni2+ at a bond distance of 2.073 and 2.141 Å (Fig. 8).

Discussion
Value added black tea or VABT prepared basing on the
desirability function (Fig. 2) in the chemometrically opti-
mized ratio of 420:50:54:26 showed the presence of sev-
eral pharmacologically active molecules as per LC-MS
results (Figs. 3, 4, and 5). Among the detected molecules
include phlorizin, 6-gingerol, procyanidin, epicatechin
(Figs. 3, 4, and 5) along with several other polyphenolics
all lying in the combinatorial matrix of VABT. The
pharmacologically active molecules detected in VABT
showed significant potencies in inhibiting enzymes con-
sidered to have pathogenic effects in diabesity. In silico
studies in revealing the versatile pharmacology of active
molecules has also been carried out in corroborative re-
search studies (Singla et al. 2016; Singla and Bhat, 2010a,
b; Malleshappa and Harun 2011; Singla 2014; Igoli et al.,
2014a, b, c, d; Igoli et al. 2014; Singla et al. 2012; Singla
2015; Singla et al. 2017; Sahu et al. 2017; De et al.,
2017a, b; Srivastava et al. 2018; Srivastava et al. 2017).
Phlorizin (phloretin-2'-O-glucoside) a dihydrochalcone
is found to be a potent antioxidant, found to improve
hyperglycemia by blocking renal glucose reabsorption
and intestinal glucose absorption through inhibition of
the sodium-glucose symporters, and also found to exert
its protective effect against obesity (Cai et al. 2013; Shin
et al. 2016). 6-Gingerol is an aromatic polyphenol and
an important chemical constituent of ginger. This com-
pound exhibited a multitude of antidiabetic and antiobe-
sity effect by suppressing advanced glycation end
products (AGEs) mediated rise in reactive oxygen spe-
cies (ROS), significant insulinotropic activity mediated
by glucagon like peptide 1 (GLP-1), and upregulating the
critical components of GLP-1-mediated insulin secretion
pathway viz. cyclic adenosine monophosphate (cAMP),
protein kinase A (PKA), cAMP response element-
binding protein (CREB) (Son et al. 2015; Samad et al.
2017). Ginger supplementation in diet is found to sup-
press obesity (Ganapathy et al. 2014); ginger extracts
were found to be ameliorative in obesity and inflamma-
tion by downregulating micro RNA-21/132 expression
and activation of adenosine monophosphate activated
protein kinase activity (AMPK) (Seunghae et al. 2018).
Procyanidins are flavonoids with oligomeric structures
known to alleviate oxidative stress and with insulinomi-
metic activity, also known to promote translocation of
glucose transporter 4 (GLUT4), and activate AMPK sig-
naling pathways (Pinent et al. 2004; Yamashita et al.
2016). Procyanidins can affect lipid synthesis, influence
lipid degradation, adipose differentiation, and thus exert
its protective role in obesity (Pinent et al. 2006). Dietary
supplementation of epicatechin reduces adiposity and

has effects on weight loss and weight maintenance (De
et al. 2020; Hursel et al. 2009). In VABT, all potent com-
pounds are present in the same matrix and is likely to
exert a synergistic effect in alleviating diabesity as pre-
dicted by in silico studies and synergism supported by
corroborative researches (De et al., 2017a, b).

Conclusion
In order to cope with the growing disease complexities,
the medical fraternities have started promoting multi-
target therapeutic entities. Dietary and lifestyle interven-
tions have gained a strong focus as an adjuvant therapy.
Phytonutraceuticals, food combinatorics, and herbo-
synthetic combinations are being increasingly applied as
naturistic therapy to treat different chronic ailments,
e.g., diabesity. The main purpose is to utilize their syner-
gistic preventive and curative potentials so as to halt the
disease at early stages and restrict further development
of complications. Value addition in black tea is obvious
to enhance its health potentials due to a multitude of
pharmacologically active molecules present in its com-
mon matrix. In silico tools were found to be effective in
predicting the activity of the compounds in VABT in
combating diabesity; however further in vivo experimen-
tations are warranted in this regard.
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