harmacologyOnLine
Archives • 2013

•

vol.1

•

April 30, 2013

206 - 217

Mass spectra analysis of H. sabdariﬀa L anthocyanidins and their in
silico corticosteroid-binding globulin interactions
1

Omotuyi1,3,*, I.O.; Elekofehinti2,3, O.O.; Ejelonu3 O.C.; Obi4, F.O

Department of Molecular Pharmacology and Neuroscience, Nagasaki University, Japan
2
Biochemical Toxicology Unit, Universidade Federal de Santa Maria Rs, Brazil
3
Adekunle Ajasin University, Akungba-Akoko. Nigeria
4
Department of Biochemistry, University of Benin, Edo State, Nigeria
*Omotuyi, I.Olaposi
Department of Molecular Pharmacology and Neuroscience, Nagasaki University, Japan
email: bbis11r104@cc.nagasaki-u.ac.jp

Summary
Anthocyanins, structurally characterized as water soluble glycosides of polyhydroxyl and polymethoxyl
derivatives of 2-phenyl bezopyryliium confer redness to the cloves of H. sabdariffa Lin. Using Mass spectrophotomery, pelargodin (m/z 271.23), cyanidin (m/z 287), Peonidin (m/z 299.28), delphinidin (m/z 301), petunidin (m/z 317.31) and acetylated malvidin (m/z 391.33) have been identified as the major anthocyanidins in H.
sabdariffa hydrolysate. The structures of the anthocyanidins and their C-3 glycosides have been docked into
the cortisol-binding pocket of corticosteroid binding globulin (CBG). Our data strongly indicate that the
contribution of pi-electron between the heterocyclic bezopyrylium rings of anthocyanidins and the indole
ring of tryptophan 352 play a key role in stabilizing the complex. The GBVIWSA free energy of interaction
predict that cortisol is a better ligand for CBG transportation with (-8.2618kcal/mol) while the lowest value
recorded for anthocyanin/anthocyanidins is -6.5539kcal/mol (delphinidin-3-glucoside). Our data therefore
suggest that cortisol transportation may only be altered in situation where plasma anthocyanins/anthocyanidins are in excess of cortisol.
Keywords: Hibiscus sabdariffa L. Anthocyanins, Anthocyanidins, cortisol, CBG, GBVIWSA free energy
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Introduction
Anthocyanin pigment confers brilliant coloration
on many fruits and vegetables. Their nutraceutical
values have been a subject of intense study with
strong data in support of antioxidant [1], anti-cancer
[2,3], and anti-inflammatory potencies [4]. These
properties and very high LD50 value (>2000mg/kg)
[5] (Pourrant et al., 1967) of anthocyanins have
influenced their use as safe food additives [6].
Previously, we have reported altered circulating
levels of reproductive hormone in rabbits [7] during
oral anthocyanin treatment and in the article, we
have suggested a possible reprodictive toxicity.
Now we have employed mass spectrophometry
method to identify the major anthocyanidins in H.
sabdariffa L. and in silico methods (Molecular
Operating Environment) to estimate its binding
affinity for corticosteroid binding globulin (CBG) as
the first step in exploring its role during stress and
its anti-obesity potencies.
CBG also known as transcortin is SERPINA6encoded plasma protein of liver origin [8], which is
directly involved in the regulation of the bioavailability and metabolic clearance of cortisol, progesterone, aldosterone and 11-deoxycorticosterone
[9,10]. Plasma CBG-cortisol is a reserviour of biologically inactive cortisol, in free state. The diffusionmediated cellular uptake of cortisol is associated
with cellular stress response, gluconeogenesis,
antiinflammation, lipid and protein metabolism
[11,12].
Chemical, phytochemical or pharmaceutical agent
that shifts the equilibrium of cortisol-CBG interaction towards dissociation will increase its urinary
excretion and may alter the concentration of
biologically active cortisol available for diffusion
into target tissues [13]. Increased urinary excretion
of unmetabolized cortisol via flavonoid-mediated
11beta-hydroxysteroid dehydrogenase inhibition has
been reported [14] and the gains in terms of antiobesity and altered lipid metabolism have also been
documented [15]. However, the implication of
continuous consumption of phytochemical agents
on the HPA axis remains largely unclear.
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Here, we explore the influence of anthocyanin on
cortisol transportation in the blood based on
computational docking simulations and free energy
calculations.
In our model, intact anthocyanin of hibiscus
sabdariffa exhibit slightly lower affinity for CBG
than cortisol and are predicted to alter CBG-cortisol
binding only in situations of excessive consumption
and rapid absorption which allows a significantly
higher blood concentration of anthocyanins/anthocyanidins in far excess of cortisol.

Materials and methods
Anthocyanin extraction and partial purification
and hydrolysis protocols
The acid-extracted (0.01% HCL) extract of H.
sabdariffa clove was purified on C-18 sep-pak
cartridge (Waters Associates, Milford MA). HCL
(0.01%) was used for elution of non-covalently
bound sugars, organic acids and other water soluble
compounds. Anthocyanins were eluted with HCL
acidified methanol (0.01 % v/v HCL) [16]. The sample
was directly hydrolyzed with 2N HCL at 80 o C for
30min to give the full complement of anthocyanidins and their acylated groups.
Mass Spectroscopic analysis of Anthocyanins
The hydrolyzed anthocyanin was diluted in
methanol and analyzed on JOEL AccuTOF TM mass
spectrophotometer system which consists of
standard Electrospray Ion Source (ESI) and a JOEL
MassCenter TM workstation. The ESI source was
turned to positive mode. The needle and MCP
voltage were set at 2000 and 2600V respectively.
The orifice chamber temperature was 80oC while
the voltages were switched between 35 and 120V.
The desolvation chamber temperature was set at
250 o C. The structures of the anthocyanin compounds were retrieved from pubchem database
(www.pubchem.ncbi.nlm.gov) based on their
molecular weights. Retrieved structures were used
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for docking studies.
In Silico Docking and Scoring Analyses on MOE
platform
Flexible ligand-docking was performed using
MOE (molecular operating environment, 2011.10)
platform [17]. The 3D structure of corticosteroid
binding globulin (CBG) used was retrieved from
Protein Data Bank (PBD ID-2V95) (www.pdb.org)
[18]. The structure was uploaded into the MOE
software, water molecules and other non-amino
acid component including were removed, 3D
protonation and parametization were done using
the protein preparation pull-down menu, all the
missing atoms, incorrect bond stretch and length
were corrected. The LigX menu was used to tether
heavy atoms and recheck the parameters before
docking. The docking simulation was done using the
following protocols: Poses were generated using
triangle matcher placement. Receptor + solvent
mode was assigned to the receptor while the ligand
(site) was defaulted to bind on selected residues
which were recognized as Hydrocortisol binding
residues from the 3D structure. The first scoring
was done using London dG defined by the equation
below:
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Each pose was refined by forcefield and subsequently rescored using the GBVI/WSA dG function
as defined below:

C represents the average gain/loss of rotational
and translational entropy, á is forcefield-dependent
constant, Ecoul is the columbic electrostatic term, E
sol is the solvation electrostatic term, Evdw is the van
der Waals contribution to binding and SA weighted is
the surface area weighted by exposure. The veracity of GBVI/WSA dG as scoring function has been
validated by [19]. The 2D depiction of the proteinligand complex has been reported by [20].
PYMOL (Delano Scientific LLC, USA) was used for
surface map visualization for ligand and receptor
interaction.
see Fig. 1.0
see Fig. 2.0a
see Fig. 2.0b
see Fig. 3.0a
see Fig. 3.0b
see Fig. 3.0c
see Fig. 3.0d
see Fig. 3.0e
see Fig. 3.0f

Di is the desolvation energy, c represents the
average gain/loss of rotational and translational
entropy Eflex is the energy due to loss of flexibility of
the ligand. FHB measures geometric imperfections of
hydrogen bonds. C HB is the energy of an ideal
hydrogen bond, Fm measures geometric imperfections of metal ligation while Cm is the energy of an
ideal metal ligation. A and B are protein and/or
ligand volumes with atoms i belonging to volume B;
Ri is the solvation radius of atom i. Ci is the desolavation coefficient of atom i.

Results
Hibiscus sabdariffa L. is rich in diversely acylated
and glycosylated Anthocyanidins
The presence of anthocyanins in H. sabdariffa
calyx has been reported in H. sabdariffa [21,22,23],
most of the ethnobotanical use and biological
activities of H. sabdariffa extract have been attributed to their anthocyanin content [24,25]. There is
growing number of publications on the bioactivity
of anthocyanin extract of H. sabdariffa due to
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increased research effort aimed at documenting
information on the individual anthocyanins. Fig 1.0
shows the mass spectrum of H. sabdariffa hydrolysate.
We have identified five classes of anthocyanidin
including pelargodin (m/z 271.23), cyanidin (m/z
287), Peonidin (m/z 299.28), delphinidin (m/z 301),
petunidin (m/z 317.31) and acetylated malvidin (m/z
391.33). The presence of delphinidin, cyanidin,
petunidin and Peonidin glycosides in the cloves of H.
sabdariffa based on HPLC analysis. The figure also
shows many background peaks at (M/Z) less than
200; this data partially indicate an impure effluent at
the C-18 stage of purification but a critical appraisal
of the data reveals the presence of unique peaks
above 100 level of abundance (blue dotted line).
Peaks 111.06 and 119.05 are most probably succinic
acid in non-hydrated and hydrated forms respectively, peak 206 and peak 223 are likely sinapic acid
and its hydrated form respectively. Peak 169 may be
dehydrated ferulic acid, p-coumaric acid or a rhamnose molecule. Peak 148.99 is most likely a pentose
while peak 177.03 is predicted to be hexose molecules.
Acidic groups predicted here have been reported
in diverse anthocyanin and they dictate the acylation pattern and colour stability of their anthocyanidin core [27]. The difference in acylation patterns of
tradescantia (Tradescantia pallida, v.), concord
grapes and red cabbage anthocyanin accounts for
the difference in their colour stability in solution of
different pH [28]. Anthocyanins colour stability is
positively correlated with increased acylation [29].
Furthermore, anthocyanins with aromatic acylation result in higher stability than aliphatic acylated
anthocyanin [30] as observed in Caffeic acid and pcoumaric acid [31] conjugated anthocyanins.
Glucose and galactose and rhamnose are the major
hexose conjugated to anthocyanidins while pentoses such as rhamnose, arabinose and xylose have
also been reported [32]. Other higher order sugars
found in anthocyanins are rutinose, sophorose,
sambubiose and glucorutinose [33].
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In silico analysis shows H. sabdariffa anthocyanidins bind into similar pocket as Hydrocortisol in
CBG
Corticosteroid-binding globulin (CBG) belongs to
serine proteinase inhibitor (serpin) family. It transports glucocorticoids and some other steroids in
the blood [9,10]. The steroid-binding residues of
CBG are R10, A13, P14, V17, Q224, D226, T232, R252,
I255, G259, K260, F357, K359, and W362 [18]. To
verify the residues involved in cortisol binding in
silico, the 3D crystal structure of CBG obtained from
Protein Data Bank (2V95) was prepared for docking
by removal of the water molecules and the cortisol
ligand. MMFF94x potential set up was used to
minimize cortisol in accordance with parametization
of small organic molecules in gas phase. This molecule was redocked into the pocket using the protocol previously explained in the materials and method section. The GBVIWSA free energy obtained
during this step was -5.8kcal/mol (data not shown)
and we plotted the 2D interaction to confirm the
residues. We found that the residues were quite
different from the ones reported earlier [35]. We
repeated the protein preparation step but this time,
preserving the 4 water molecules located in the
active site of the original PDB file. -8.2618kcal/mol
free energy obtained using this new protocol and all
the residues identified by [35] and colleagues were
confirmed. The 3D space presented as helix and
sheet structure (fig 2.0bi) shows that cortisol binds
into a triangle-like space contributed by residues in
sheet-B2-5 (Q224. D226, T232, F357, K359, W362),
helix-H (I225, R252, K260, G259) and Helix-A (A13,
P14 and V17) fig (2.0bii). Anthocyanins and anthocyanidins identified in H. sabdariffa cloves using
mass spectroscopy were retrieved from pubchem
database or drawn using the builder menu of MOE
software (fig 2.0a).
Although, all the predicted structures were
docked to obtain their free energies of binding,
pelargonidin, cyanidin, Peonidin and malvidin
adjudged to be more abundant according to the
spectra data were shown (fig 3.0a-f). Testosterone
and estradiol were used as positive control due to
its more structural similarity to cortisol than antho-
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cyanins and anthocyanidins, this step attempts to
evaluate CBG specificity for cortisol.
The 2D depiction of ligand-CBG interactions for all
the structures investigated are shown in figures
3.0a-f. Hydrophobic patch, pi-electron interaction
and hydrogen bonding are the major forces involved in the interaction between CBG and cortisol (fig
3.0ai). Cortisol ring-A atoms (C 1-3 ) are proximal to
A13, P14 and V17 residues of CBG (helix-A, fig 2.0b)
therefore may interact via hydrophobic interaction.
Pi-electron system is contributed by indole ring of
Trp362 (sheet-B) and the aromatic B-ring of cortisol.
Hydrogen bonding interaction is predicted between
amido nitrogen of Gln224 and C-21 carbonyl oxygen
of cortisol; a water molecule and Gly259 contribute
to the stability of the hydrogen bond. Asp256 (helixH) and a water molecule interact with C-11 hydroxyl
group. The surface and map is shown in fig 3.0aii.
Testosterone interaction at the cortisol-binding
domain is predicated upon hydrophobic interaction
between Phe367 and the A-ring, Ile255 and D-ring,
pi-electron system between indole group of Trp362
and bridge hydrogen between rings B and C. A
hydrogen bonding interaction is predicted between
guanidino group of Arg252 and the C-17 hydroxyl
group of testosterone (fig 3.0bi). The surface and
map is shown in fig 3.0bii. Interaction between
cortisol-binding residues of CBG and pelargonidin is
predicated upon hydrophobic patch contributed by
Ala13, Ile255, Phe357, Val17, Pro14 and Phe234, pielectron system between indole group of Trp362
and Benzopyran-3-ol (fused rings A and B) of
pelargonidin (fig 3.0ci) surface and map depiction is
shown in fig 3.0cii. 2D interaction between cyanidin
and cortisol-binding pocket of CBG is depicted in
figure (3.0di). Arg252, Gln224, Lys359 and Thr232
contribute to stability of the complex via interaction
with C-5, C-3, and C-51 hydroxyl groups of cyanidin.
Trp352 interacts with pyran-3ol ring via pi-electron
system. Ala13, Pro14 and Val17 may contribute to
hydrophobic interaction due to their proximities to
ring-A. Surface and map depiction for this interaction is shown in fig 3.0dii. The interaction between
peonidin and cortisol-binding pocket of CBG is
principally dictated by hydrophobic interaction
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between Ala13 and Val17 proximal to the 6,8dihydroxyl benzopyran-3-ol group, hydrogenbonding interaction between Gln224, Gly259 and C41 hydroxyl group (ring C) which is further stabilized
by a water molecule. Pi-electron system is also
predicted between Phe357 and the C-3 hydroxyl
group of the pyran moiety, and between Trp352 and
fused 3, 6,8-trihydroxylbenzopyranol-group (fused
A and B ring, fig 3.0ei) . The detailed surface and
map depiction for this interaction is shown in fig
3.0eii. Malvidin which we have predicted as the
most abundant based on the spectra data shows
similar binding pattern. Lys359, Thr232, Gly259 and
Gln224 constitute an hydrophilic environment
proximal to C-31, C-51 dimethyoxy-phenyl group (ring
C), Ala13 and Phe234 also contribute hydrophobic
interaction with fused rings A and B. Trp363 and 5,7dihydroxyl-benzopyran-3-ol interact via pi-electron
system. Asp256 and one water molecule interact
with C-3 hydroxyl group of ring-B via hydrogen bond
(fig 3.0f1). The detailed surface and map depiction
for this interaction is shown in fig 3.0fii.
Free energy estimation predicts weak interaction between CBG and H. sabdariffa anthocyanins
GBVIWAS free energy of binding represents the
contribution of rotational and translational entropy,
forcefield-dependent columbic electrostatic van der
Waals interaction, solvation electrostatic interaction, and surface area weighted by exposure to the
recognition and binding of a ligand to the pocket of
a receptor and this method of free energy estimation has been sown to correlate strongly to experimental values [18]. We therefore used GBVIWSA
method to estimate the free energy of binding of
the natural ligand (cortisol), natural ligand structural mimics (estradiol and testosterone), and anthocyanidins and their glycone derivatives with the aim
of gaining insight into possible competitive inhibition of cortisol-binding under physiological conditions. Table 1.0 shows that cortisol has the lowest
free energy (<-8.0kcal/mol) while the highest free
energy was estimated for testosterone (3.0513kcal/mol). These values are strong indications
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that testosterone may not be transported by CBG
thereby authenticating the role of SHBG rather than
CBG as transporter of choice for testosterone as
previously reported [34]. Delphinidin-3-glucoside,
estradiol, delphinidin, pelargonidin, malvidin-3glucoside and peonidin has comparatively similar
binding free energies (between -6.0098 to 6.5539kcal/mol).
Although, the free energies here are significantly
lower than those recorded for cortisol, significantly
higher blood concentration of delphinidin-3glucoside, delphinidin, pelargonidin, malvidin-3glucoside and peonidin in excess of cortisol may
change the equilibrium towards anthocyanin
binding in accordance with mathematical relationship between free energy of binding and dissociation constant, and between equilibrium constant
and concentration [35]. This information is particularly important because plasma cortisol concentration range between approximately 15ug/dL under
resting conditions and approximately 160ug/dL
under stress conditions in humans [36,37] while
blood concentration of anthocyanin after consumption may reach approximately 2.0mg/dL after 1 hr of
ingestion and only decrease by 50% after 4 hr
[40,41,42]. Statistically, anthocyanins may effect
transportation of cortisol under basal conditions.
Pelargonidin-3-glucoside, petunidin, petunidin-3glucoside, cyanidin, peonidin-3-glucoside, malvidin
and cyanidin-3-glucoside have lower binding affinities for CBG compared to the delphinidin-3glucoside, delphinidin, pelargonidin, malvidin-3glucoside and peonidin.

Discussion
While we are presently working on non-acid
based extraction protocol for H. sabdariffa anthocyanins with the aim of preserving the glycone
portions, perfection of this protocol will enable us
characterize individual anthocyanins using HPLC,
MS and NMR (proton and carbon) without need for
hydrolysis. Here, we have identified the major
anthocyanidins as pelargodin, cyanidin, Peonidin,
delphinidin, petunidin and acetylated malvidin
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based on mass spectroscopy analysis. This data
agree with HPLC chromatogram reported by [26].
Succinic acid, sinapic acid, ferulic acid, p-coumaric
acid, a rhamnose, pentose and hexose molecules
have also been identified as molecular basis for the
formation of anthocyanins and various acylated
analogues of anthocyanins. Acylation is reportedly
important in colour and stability of anthocyanin
[29,30] glycosylation essentially facilitates their
transportation into the plant vacuole. In animals,
rapid absorption of anthocyanin after ingestion has
been reported [38,30,40] but has not well correlated with tissue distribution, this information makes
the activity of anthocyanins in the blood a very
important study question.
Many biological roles of anthocyanins are already
documented and the list is growing [1,2,3,4] here we
focused on its effect on cortisol metabolism by
exploring potential modulatory role in cortisol
transportation through CBG mechanisms. The focus
on cortisol is predicated on its importance to stress
response, glucose metabolism [41] inflammatory
response [42] and adipokinesis [43,44]. In a related
report, consumption of grapefruit juice, rich in
naringenin, quercetin and hesperetin, have been
shown to modulate cortisol metabolism and excretion [14]. Other authors have reported 11beta
Hydroxyl-steroid dehydrogenase inhibition [45] by
flavonone. This enzyme catalyses the interconversion of cortisol (active) to cortisone (inactive) via
oxido-reduction mechanisms. Some authors have
submitted that an indirect 11beta Hydroxyl-steroid
dehydrogenase inhibition may also occur through
NADPH depletion mechanisms profoundly via
inhibition of glucose-6-phophate translocase which
limits microsomal glucose-6-phosphate concentration [46,47,48] and NADPH generation. It will be
necessary to mention here that since microsomal
glucose-6-phosphatase is directly involved in blood
glucose buffering and gluconeogenesis, the role of
anthocyanin as antiobesity and anti-gluconeogenic
agent become easier to comprehend [49]. Other
aspects of cortisol function reportedly inhbited by
anthocyanin include glucocorticoid-receptor translocation and glucocorticoid-induced expression of
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PEP-CK [50].
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cortisol.

Here, we have discovered for the first time that
anthocyanidins and their glycone derivatives can
bind cortisol-binding pocket of CBG but however
with lower affinity compared to cortisol its natural
ligand. The interaction between CBG and anthocyanins/anthocyanidins are essentially stabilized by pielectron system involving the benzopyranol rings of
anthocyanin/anthocyanidin and the heterocyclic
indole ring of Trp352, contributions of hydrogen
bonding and hydrophobic interaction were also
highlighted in the result section. Delphinidin-3glucoside, delphinidin, pelargonidin, malvidin-3glucoside and peonidin have comparatively similar
binding free energies of binding with approximately
2kcal/mol energy higher than the value recorded for
cortisol. The mathematical relationship that exist
between free energy of binding and dissociation
constant, and between equilibrium constant and
concentration [37] allows the equilibrium to shift
towards anthocyanin/anthocyanidin binding in
situation where their concentration is in excess of
cortisol, this is particularly true for basal cortisol
transportation as approximately 15ug/dL cortisol is
found in the blood under resting conditions [38]
while blood concentration of anthocyanin after
consumption may reach approximately 2.0mg/dL
after ingestion [40,41,42]. The metabolic implication
of this data is increased urinary excretion of cortisol, reduced gluconeogensis and lipodystrophy.

Conclusion
Based on in silico free energy estimation, specific
and high affinity interaction has been established
between naturally occuring H. sabdariffa anthocyanins and anthocyanidins and cortisol-binding Pocket
of CBG. Given the relationship that exist between
free energy and dissociation constant, we predict a
possible displacement of cortisol from binding
pocket on CBG under excess anthocyanin/anthocyanidin concentration above cortisol
levels. This data therefore provides another insight
into the mechanism of functional and metabolic
antagonism that exist between anthocyanins and
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Figure 1.0. Mass Spectra of H. Sabdariﬀa Anthocyanidins and low molecular weight acyl, and sugar-related groups.

Figure 2.0a. Structures of H. Sabdariﬀa Anthocyanidins, cortisol and testosterone. Anthocyanins used for docking are designated as “C-3”
glycosylated anthocyanidins.
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Figure 2.0b. Cortisol-binding pocket of CBG i) helics and sheets depiction, ii) surface and map depiction.

Figure 3.0a. Cortisol interaction with CBG i) 2D depiction, ii) surface and map depiction.
Figure 3.0b. Testosterone interaction with CBG i) 2D depiction, ii) surface and map depiction
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Figure 3.0c. Pelargonidin interaction with CBG i) 2D depiction, ii) surface and map depiction.
Figure 3.0d. Cyanidin interaction with CBG i) 2D depiction, ii) surface and map depiction.

Figure 3.0e. Peonidin interaction with CBG i) 2D depiction, ii) surface and map depiction.
Figure 3.0f. Malvidin interaction with CBG i) 2D depiction, ii) surface and map depiction.
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