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ABSTRACT

Considering the issue of resistance to anti-influenza drugs, there is a need for discovery of new antiviral 
drugs. In view of this, flavones and their synthetic precursors i.e. chalcones were designed as inhibi-
tors of influenza virus - H1N1 neuraminidase enzyme using structure-based drug design. Based on the 
best docking scores, some chalcone and flavone derivatives were synthesized and characterized by 
IR and proton NMR. Few of them were selected for 31P NMR studies, in order to probe the molecular 
mechanism of their antiviral action. Reasonably good correlation between docking scores and 31P NMR 
results were observed. As antiviral drugs are known to show membrane stabilizing effect on host cell, 
31P NMR data for methoxy chalcone showed stabilization effect on model membrane pointing towards 
good antiviral activity which remained unaffected even after its cyclization to flavone. These derivatives 
can be explored further to provide a future therapeutic option for the treatment and prophylaxis of H1N1 
viral infections.

Keywords: Anti-influenza activity; chalcone; flavone; 31P 
NMR; molecular mechanism

Introduction

Influenza is an acute viral infection caused by an 
influenza virus1. The viral envelope consists of a lipid 
bilayer that contains three of the viral transmembrane 
proteins: haemagglutinin (HA), neuraminidase (NA), and 
matrix-2 (M2). The virus initially binds to sialic acid (SA)- 
linked host cell-surface receptors via the HA glycoprotein. 
The entry into the cell by endocytosis is then followed by 
the viral and endosomal membranes fusion under low 
pH conditions that further opens up M2 ion channel. NA 
mediates release of the virus particle from the host cell 
by cleaving the glycosidic linkage between SA-linked host 
cell-surface receptor and HA. Thus, NA is responsible for 
facilitating the spread of infection to other host cells2,3. 
There are three types of influenza viruses – A, B and C. 
Influenza A virus infect many species including birds and 
mammals while influenza subtype B and C virus infect 
essentially humans4. The distinct antigenic properties 
of different HA and NA molecules are used to classify 
influenza type A viruses into subtypes: sixteen for HA 
(H1-H16) and nine for NA (N1-N9)5.
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Currently, there are two classes of anti-influenza 
drugs available for the treatment of influenza viruses, 
the M2 proton channel inhibitors (adamantanes) and the 
NA inhibitors. First-generation anti-influenza drugs, the 
adamantanes, show limited scope because of lack of 
activity attributed to resistance and unwanted side effects6. 
One of the main advantages of the second-generation 
anti-influenza agents, i.e. NA inhibitors, is that they are 
active against both influenza A as well as influenza 
B with improved safety profile, and lower potential for 
inducing resistance7. Fortunately, viruses that develop 
resistance to the adamantanes remain susceptible to 
NA inhibitors. These NA inhibitors viz. oseltamivir and 
zanamivir, which are the transition state derivatives of 
endogenous ligand sialic acid, are the only commercially 
available lines of treatment for influenza8,9. But  a report 
says that N1 subtype of influenza virus has become 
resistant to oseltamivir due to mutations: (1) His274Tyr; 
(2) Asn294Ser; and (3) Tyr252His10. Also, the mutation 
Gln136Lys increases the mobility of Asp151 and Arg156 
groups by breaking their bonding network leading to 
resistance to Zanamivir11. Hence, there is an utmost need 
of the third-generation anti-influenza which can address 
the issue of resistance.
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Many scaffolds were developed based on similar 
structural features of endogenous ligand12. All studies 
so far have been focused on the attachment of new 
chemical group with a proper shape, size and electronic 
charge for fitting into the active site13. Phytoconstituents 
such as chalcones (1,3-diphenyl-2-propene-1-ones) 
and flavones(2-phenyl-4h-chromen-4-one) are known 
to exert anticarcinogenic, antimicrobial, antiprotozoan, 
antipsoriasis, antineurodegenerative, antidiabetic, and 
antiviral properties14,15. Keeping in mind the structural 
resemblance of oseltamivir with sialic acid, we have 
focused on chalcones and flavones that are structurally 
diverse molecules from oseltamivir and sialic acid. 
Chalcones and flavones structurally belong to largest 
polyphenolic class of plant secondary metabolites. 
They are considered as precursors of flavonoids and 
isoflavonoids which are abundant in edible plants with 
therapeutic value and are known to inhibit enzyme 
glycosidase. Neuraminidase is a class of glycosidase 
and is reported that chalcones as well as flavones acts 
by inhibiting it. They act as receptors where many diverse 
compounds can bind16. 

In this paper, we have considered chalcones and 
their cyclic counterparts, flavones, as protype and further 
developed them using molecular modelling approach 
followed by its synthesis (Table I). We have carried out 
cytotoxicity studies of the synthesized derivatives. We 
have then focused on studying interactions of selected 
derivatives of the above scaffolds with lipid biomembrane/
bilayers. Interaction of several classes of drug with 
constituents of biomembrane, especially phospholipids, 
play a key role in their pharmacological action. Basic 
understanding of interaction of drug molecule with lipid 
bilayer is crucial to get an insight of their mechanism. 
Some drugs interact with phospholipids of lipid bilayer 
and induce modification in physicochemical state of the 
bilayer8. For example, antifungal drugs interact with lipid 
bilayer of fungal cells where they produce fusiogenic 
effect. On other hand, antiviral drug stabilize the host 
bilayer to produce membrane stabilizing effect17,18. 
Thus, we have probed the molecular interactions of our 
synthesized derivatives with phospholipid bilayers, using 
multidimensional and multinuclear NMR techniques that 
gauge the effect of the derivatives on the polymorphism 
and membrane stabilizing effect on bilayers. In this study, 
L-α- dipalmitoylphosphatidylcholine (DPPC) is used as 
model membrane. The results of interaction studies, used 
to confirm the membrane stabilizing effect produced by 
our derivatives, is one of the characteristics of antiviral 
drugs.

Materials and methods

Materials
2, 4-Dihydroxy acetophenone and various substituted 

benzaldehydes were purchased from S. D. fine-Chem 
Ltd., India. L-α-Diapalmitoylphosphatidyl choline (DPPC) 
was purchased from Sigma Chemicals Co., U.S.A. All 
other solvents used for synthesis were of LR grade.

Methods

Computational studies
Computational studies were carried out with the 

modelling package Discovery Studio (DS) 3.1 (Accelrys 
Inc., USA)19running on a Windows 7 Platform. Docking 
studies were carried out with GOLD v 5.0.1 (CCDC, UK)20 
running on a CentOS 6 platform Linux Workstation.

Preparation of enzyme and ligand for docking
The enzyme H1N1-NA in complex with oseltamivir 

(OMV) was taken (PDB code no. 3TI6)21, solved by 
X-ray crystallography, representing pandemic enzyme. 
Monomeric unit of the dimeric enzyme was used for 
docking studies. After removal of crystallographic water 
molecule, hydrogen atoms were added, atom types and 
partial charges were assigned based on the CHARMm 
forcefield. Formal charges for the acidic and basic amino 
acids were set according to the physiological condition 
at pH 7.4. Acetyl (ACE) and N-methyl-amino groups 
were used to cap N-and C-termini, respectively. The 
system was refined using the CHARMm forcefield to a 
gradient of 0.1 kcal/mol/Å. The oseltamivir, zanamivir and 
designed ligand structures were energy minimized using 
the “Smart Minimizer” method in energy minimization with 
the CHARMm forcefield to a gradient of 0.01 kcal/mol/Å. 
The docked poses were scored using GoldScore. The 
non-bonded interaction energy calculations contributed 
by van der-Waals (vdW) and Electrostatic (Ele) energies 
were done by using “Simulation” module of DS 3.1.

Docking Protocol
The parameters in GOLD were, kept similar as in our 

previously published work14. The receptor active site was 
shaped by residues in a 10 Å vicinity of ligand OMV. At the 
start of a docking run, all the variables were randomized 
in order to validate the protocol. Docking of OMV was 
carried out for 20 genetic algorithm (GA) runs, which was 
found sufficient to reproduce the binding pose of OMV in 
PDB 3TI6. The validated protocol was used to dock the 
designed chalcone and flavone derivatives in H1N1-NA 
to determine their preferred binding orientations.
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Synthesis of derivatives of chalcones
We have selected and synthesized various 

substituted chalcone and flavone derivatives with different 
substitutions such as chloro, methoxy, hydroxy and nitro at 
benzylidene moiety while keeping the 2, 4-dihydroxyphenyl 
group in chalcone and 7-hydroxy-4h-chromen-4-one group 
in flavone constant in structure (Table I). Completion of 
the reactions was monitored by TLC using n-hexane: ethyl 
acetate (3:2) solvent system. The structure and purity of 
the starting materials and final compounds were confirmed 
by physical constants, TLC and spectral techniques like 
IR and NMR spectroscopy. The synthesized and purified 
analogues were characterized by spectral techniques: 
IR and 1H NMR spectroscopy. The IR spectra of the 
synthesized analogues represented expected absorption 
bands for the functional groups. The analogues exhibited 
predictable delta values for all aliphatic and aromatic 
protons in 1H NMR spectra. Thus, the correctness of 
anticipated structures of the synthesized analogues was 
confirmed by the spectroscopy22,23.

Synthesis of 2’, 4’-dihydroxychalcone
The series of derivatives of chalcone were synthesized 

by Claisen-Schmidt condensation. Equimolar quantities 
(1 mol) of substituted acetophenone and substituted 
benzaldehyde were dissolved in absolute ethanol. Sodium 
hydroxide solution (20%, 10 mL) was added to this 
solution at 10°C and the resulting mixture was stirred at 
room temperature (temperature increased gradually). The 
precipitate obtained was neutralised with conc. HCl and 
then filtered and recrystallized using ethanol. Some of the 
derivatives of this series are reported to be synthesized 
elsewhere by method other than mentioned above22.

1-(2’, 4’-dihydroxyphenyl)-3-phenylprop-2-en-1-
one (1a). Yellow solid, m.p. 157° C. IR (KBr) νmax 3384-3494 
(OH), 1632 (C=O), 1600 (C=C); 1H-NMR (DMSO-d6, 500 
MHz) δ ppm 13.37 (bs, 1H, 2’-OH), 12.59 (bs, 1H, 4’-OH), 
8.21-8.19 (d, 3H, H-2, H-5’, H-6’), 8.00-7.97 (t, 1H, H-5’’), 
7.75-7.73 (t, 2H, H-3’’, H-4’’),7.46 (s, 1H, H-3’),6.42-6.33 
(d, 3H, H-3, H-2’’, H-6’’).

1-(2’, 4’-dihydroxyphenyl)-3-(2’’-hydroxyphenyl)-
prop-2-en-1-one (1b). Yellow solid, m.p. 135° C. IR 
(KBr) νmax 3316 (OH), 1672 (C=O), 1606 (C=C); 1H-NMR 
(DMSO-d6, 500 MHz) δ ppm 12.63 (bs, 1H, 2’-OH), 10.63 
(bs, 2H, 4’-OH, 2’’-OH), 7.79-7.77 (d, 3H, H-2, H-5’, H-6’), 
6.96-6.94 (t, 2H, H-4’’, H-5’’), 6.40-6.39 (d, 2H, H-3, H-6’’), 
6.27 (s, 1H, H-3’).

1-(2’, 4’-dihydroxyphenyl)-3-(3’’-hydroxyphenyl)-
prop-2-en-1-one (1c). Yellow solid, m.p. 140° C. IR 
(KBr) νmax 3203 (OH), 1672 (C=O), 1605 (C=C); 1H-NMR 

(DMSO-d6, 500 MHz) δ ppm 12.60 (bs, 1H, 2’-OH), 9.44 
(bs, 2H, 4’-OH, 3’’-OH), 9.86 (s, 1H, H-2’’), 7.81-7.77 (d, 
2H, H-5’, H-6’), 7.02-7.01 (d, 2H, H-2, H-4’’), 6.45-6.44 
(t, 1H, H-5’’),6.337-6.334 (d, 2H, H-3, H-6’’), 6.33 (s, 1H, 
H-3’).

1-(2’, 4’-dihydroxyphenyl)-3-(4’’-hydroxyphenyl)-
prop-2-en-1-one (1d). Yellow solid, m.p. 158° C. IR 
(KBr) νmax 3370 (OH), 1672 (C=O), 1606 (C=C); 1H-NMR 
(DMSO-d6, 500 MHz) δ ppm 12.74 (bs, 1H, 2’-OH), 10.92 
(bs, 1H, 4’-OH), 9.787 (bs, 1H, 4’’-OH), 7.76-7.74 (d, 3H, 
H-2, H-5’, H-6’), 7.00-6.98 (d, 2H, H-3’’, H-5’’), 6.44-6.42 
(d, 3H, H-3, H-2’’, H-6’’), 6.33 (s, 1H, H-3’).

1- (2 ’ ,  4 ’ -d ihydroxypheny l ) -3 - (3 ’ ’ ,  4 ’ ’ -
dihydroxyphenyl)-prop-2-en-1-one (1e). Yellow solid, 
m.p. 180° C. IR (KBr) νmax 3385 (OH), 1673 (C=O), 1605 
(C=C); 1H-NMR (DMSO-d6, 500 MHz) δ ppm 12.59 (bs, 2H, 
2’-OH, 4’-OH), 9.69 (bs, 2H, 3’’-OH, 4’’-OH),7.75-7.73 (d, 
2H, H-2, H-5’), 7.28-7.24 (d, 1H, H-6’),7.11 (s, 1H, H-2’’), 
6.98-6.97 (d, 1H, H-6’’), 6.84-6.82 (d, 1H, H-3),6.43-6.42 
(d, 1H, H-5’’), 6.33 (s, 1H, H-3’).

1-(2’, 4’-dihydroxyphenyl)-3-(2’’-methoxyphenyl)-
prop-2-en-1-one (1f). Yellow solid, m.p. 110° C. IR 
(KBr) νmax 3388 (OH), 1625 (C=O), 1500 (C=C); 1H-NMR 
(DMSO-d6, 500 MHz) δ ppm 12.60 (bs, 1H, 2’-OH), 10.63 
(bs, 1H, 4’-OH), 7.95-7.93 (d, 2H, H-2, H-3),7.76-7.75(d, 
2H, H-5’’, H-6’’), 7.57-7.56 (d, 1H, H-3’’), 7.38-7.33 (d, 
1H, H-5’), 6.39-6.37 (d, 1H, H-6’), 6.25 (s, 1H, H-3’), 4.48 
(s, 3H, 2’’-OCH3).

1- (2 ’ ,  4 ’ -d ihydroxypheny l ) -3 - (3 ’ ’ ,  4 ’ ’ -
dimethoxyphenyl)-prop-2-en-1-one (1g). Yellow solid, 
m.p. 190° C. IR (KBr) νmax 3207 (OH), 1632 (C=O), 1596 
(C=C); 1H-NMR (DMSO-d6, 500 MHz) δ ppm 13.57 (bs, 
1H, 2’-OH), 10.82 (bs, 1H, 4’-OH), 8.22 (s, 1H, H-2’’),7.86-
7.84 (d, 1H, H-5’), 7.56 (s, 1H, H-3’),7.40-7.39 (d, 1H, 
H-5’’), 7.03-7.02(d, 1H, H-6’’),6.466-6.463 (d, 1H, H-6’), 
6.45-6.32 (d, 2H, H-2, H-3), 3.87 (s, 3H, 3’’-OCH3), 3.82 
(s, 3H, 4’’-OCH3).

1-(2’, 4’-dihydroxyphenyl)-3-(3’’, 4’’, 5’’-
trimethoxyphenyl)-prop-2-en-1-one (1h). Yellow solid, 
m.p. 195° C. IR (KBr) νmax 3336 (OH), 1630 (C=O), 1592 
(C=C); 1H-NMR (DMSO-d6, 500 MHz) δ ppm 13.55 (bs, 
1H, 2’-OH), 12.76 (bs, 1H, 4’-OH), 8.12-8.10 (d, 2H, H-2, 
H-3),7.93 (s, 1H, H-2’’), 7.81-7.80 (d, 2H, H-5’, H-6’), 7.35 
(s, 1H, H-6’’), 6.50 (s, 1H, H-3’), 3.95 (s, 3H, 3’’-OCH3), 
3.92 (s, 3H, 5’’-OCH3), 3.83 (s, 3H, 4’’-OCH3).

1-(2’, 4’-dihydroxyphenyl)-3-(4’’-chlorophenyl)-
prop-2-en-1-one (1i). Yellow solid, m.p. 199° C. IR 
(KBr) νmax 3308 (OH), 1632 (C=O), 1606 (C=C); 1H-NMR 
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(DMSO-d6, 500 MHz) δ ppm 12.59 (bs, 1H, 2’-OH), 10.95 
(bs, 1H, 4’-OH), 7.95-7.93 (d, 2H, H-5’, H-6’), 7.75-7.73 
(d, 2H, H-3’’, H-5’’),7.58-7.56 (d, 2H, H-2’’, H-6’’), 7.47-
7.37 (d, 2H, H-2, H-3), 6.33 (s, 1H, H-3’).

Synthesis of flavone
Chalcone, obtained as mentioned above, was 

suspended in DMSO (10 ml) and a crystal of iodine 
was added to it. The reaction mixture was refluxed for 
1h and then poured on crushed ice. The solid obtained 
was filtered off, washed with 20% sodium thiosulphate 
and recrystallized using ethanol. Some of the derivatives 
of this series are reported to be synthesized elsewhere 
by method other than mentioned above23.

7-Hydroxy-2-phenyl-4H-chromen-4-one (2a). 
White solid, yield (84%), m.p. 247° C. IR (KBr) νmax3595 
(OH), 1624 (C=O), 2699 (C=C alkene and aromatic), 1508 
(C-O-C); 1H-NMR (DMSO-d6, 500 MHz) δ ppm 10.83 (bs, 
1H, 7-OH), 8.092-8.078 (d, 3H, H-5, H-2’, H-6’),7.92-7.90 
(d, 1H, H-6), 7.60-7.59 (t,2H, H-3’, H-5’), 7.032 (s, 1H, 
H-8), 6.96-6.95 (t, 1H, H-4’), 6.92 (s, 1H, H-3).

7-Hydroxy-2-(4’-methoxyphenyl)-4H-chromen-4-
one (2b). White solid, m.p. 210° C. IR (KBr) νmax 3420 
(OH), 1631 (C=O), 1684 (C=C alkene and aromatic), 2596 
(C-O-C); 1H-NMR (DMSO-d6, 500 MHz) δ ppm 12.64 (bs, 
1H, 7-OH), 7.97-7.95 (d, 1H, H-5),7.76 (s, 1H, H-8), 7.59-
7.57 (d,1H, H-6), 7.40-7.34 (d, 2H, H-2’, H-6’), 6.41-6.39 
(d, 2H, H-3’, H-5’), 6.27 (s, 1H, H-3).

7-Hydroxy-2-(3’-chlorophenyl)-4H-chromen-4-
one (2c). White solid, m.p. 225° C. IR (KBr) νmax3076 
(OH), 1695 (C=O), 1606 (C=C alkene and aromatic), 
1695 (C-O-C), 720 (Cl); 1H-NMR (DMSO-d6, 500 MHz) 
δ ppm 13.30 (bs, 1H, 7-OH), 8.074 (s, 1H, H-2’),7.92 (s, 
1H, H-8), 7.73-7.71 (d,2H, H-5, H-4’), 7.58-7.55(t, 1H, 
H-5’), 7.41-7.38 (d, 1H, H-6), 7.06 (s, 1H, H-3), 6.97-6.95 
(d, 1H, H-6’).

7-Hydroxy-2-(4’-chlorophenyl)-4H-chromen-4-
one (2d). White solid, m.p. 198° C. IR (KBr) νmax3445 (OH), 
1710 (C=O), 1605 (C=C), 700 (Cl); 1H-NMR (DMSO-d6, 
500 MHz) δ ppm 12.64 (bs, 1H, 7-OH), 7.97-7.95 (d, 
2H, H-3’, H-5’),7.76 (s, 1H, H-8),7.59-7.57 (d,1H, H-5), 
7.40-7.34(d, 2H, H-2’, H-6’), 6.41-6.39 (d, 1H, H-6), 6.27 
(s, 1H, H-3).

7-Hydroxy-2-(4’-nitrophenyl)-4H-chromen-4-one 
(2e). Yellow solid, m.p. 230° C. IR (KBr) νmax 3412 (OH), 
1614 (C=O), 1567 (C=C), 1757 (C-O-C), 1471 (NO2); 

1H-
NMR (DMSO-d6, 500 MHz) δ ppm 13.37 (bs, 1H, 7-OH), 
8.19-8.17 (d, 2H, H-3’, H-5’),7.86-7.89 (d, 1H, H-5),7.71-

7.68 (d,2H, H-2’, H-6’), 7.32 (s, 1H, H-8), 7.28-7.24 (d, 
1H, H-6), 6.30 (s, 1H, H-3).

Sample preparation for drug-lipid interaction 
studies using 31P NMR

Multilamellar vesicles (MLVs) were prepared by the 
standard procedure14 wherein the desired quantity of DPPC 
and chalcone derivative was dissolved in chloroform. The 
solvent was then evaporated with a stream of nitrogen 
so as to deposit a lipid film on the walls of the container. 
The last traces of the solvent were removed with freeze 
drying for a period of 1 h. The lipid film was hydrated with 
the required amount of D2O; this was then incubated in 
a water bath at 500C with repeated vortexing. The lipid 
concentrations were maintained at 100 mM for the NMR 
and 50 mM for the DSC experiments. Unilamellar vesicles 
(ULVs) were prepared by sonicating the above dispersions 
with a Branson sonicator (Model 450) at 50% duty cycles 
till the solution was optically clear.

NMR experiments
NMR experiments were recorded on a BRUKER 

AVANCE 500 MHz and 700 MHz NMR spectrometer. 
Resonance assignments were carried out using 1D proton 
NMR spectra which were recorded using standard pulse 
program. 31P experiments were carried out with a relaxation 
delay of 1 s and broadband proton decoupling24–26. The 
NMR data was processed with Topspin 2.1 software.

Results

Docking
The initial validation studies with the docking protocol 

could satisfactorily reproduce (RMSD 0.52 Å) the binding 
conformation of the OMV in 3TI6. All the interactions are 
consistent with original crystal structure of OMV in PDB 
code 3TI6.There are four well-conserved binding sites in 
H1N1-NA active site, which was discussed in our previous 
work14, with 11 functional residues which participate in the 
catalytic reaction1. These are the positively charged site-1 
(Arg118, Arg292 and Arg371), the negatively charged 
site-2 (Glu119, Glu227 and Asp151), site-3 (Ile222 and 
Tyr178), and site-4 (Glu276 and Glu277). Moreover, 
presence of the 150-loop (residues 147–152), that exists 
in two stable conformations (closed and open), forms one 
part of the enzyme active site. It was reported that initially 
oseltamivir binds to “open” form of NA. Subsequently, it 
results into “closed” form by undergoing a conformational 
change5. Interestingly, the crystal structure of NA from 
the 2009 pandemic H1N1 influenza strain indicates that 
it lacks the 150 loop in its active site (similar to closed 
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conformation)27. This indicates importance of open and 
closed conformations of 150-loop in the design of newer NA 
inhibitors. Further, literature survey on molecular modelling 
studies of OMV indicates that the neuraminidase molecule 
undergoes rearrangement to create an additional binding 
pocket to accommodate the hydrophobic side chain of 
oseltamivir in the active site28,29. The binding pocket is 
formed when the amino acid Glu276 rotates due to ionic 
interaction with Arg224 and binds with it. But, the ionic 
interaction between Glu276 and Arg224 is prevented 
owing to the mutations Arg292Lys, Asn294Ser, and 
His274Tyr, due to which the rotation of Glu276 is 
inhibited.

The hydrogen bonding interactions and molecular 
surface model of representative chalcone and flavone 
derivatives with NA active site in 3TI6 are depicted in Fig. 
1. The hydrogen bonds formed between the substrate/
inhibitors and the enzyme are summarized in Table II. 
All the chalcone derivatives showed better interactions 
with Agr118, Arg292 and Arg371 at site-1 and as that 
of OMV, but adapt completely different interactions at 
other sites. In most of the designed chalcone derivatives, 
aromatic ring containing dihydroxy group interacts with 
site-1 and substituted aromatic ring interacted with site-3 
and site-4. It was observed that in the chloro substituent 
chalcone (1i) they were inclined outside the cavity, while 
hydroxyl (1b) and methoxy (1f) chalcones interacted in 
site-3 and site-4. All hydroxyl derivatives showed better 
fit in site-4 with Glu277. 

Unsubstituted flavone (1a) and chloro flavone (2c 
and 2d) interacted with site-2. Methoxy flavone (2b) 
interacted with site-1 and site-4 like OMV. In nitro flavone 
(2e), nitro group interacted with site-4.

Drug-lipid interaction
The study of interaction between drug and lipid 

bilayer gives a lot of information on membrane fluidity, 
stability and polymorphism of the bilayer. Studies have 
shown that stabilization of the membrane by antiviral 
drug can play an important role in inhibiting membrane 
fusion and also antiviral activity18. With this in view we 
have carried out drug-lipid bilayer interaction studies using 
multinuclear NMR technique. We have used DPPC as 
model membrane for 31P interaction studies with respect 
to docking results observed. We have selected 1d (2’, 4’-
dihydroxy-4’’-hydroxy chalcone), 1g (2’, 4’-dihydroxy-3’’, 
4’’-dimethoxy chalcone), 1i (2’, 4’-dihydroxy-4’’-chloro 
chalcone) and 2b (7-hydroxy-4’-methoxy flavone) to 
study the drug-lipid interactions.

31P NMR
In order to understand the intermolecular interaction 

between derivatives and the lipid membrane, 31P NMR 
experiments had been carried out for our synthesized 
chalcone and flavone derivatives in presence of the 
lipid bilayers of DPPC that serves as model membrane. 
31P NMR spectroscopy is widely used for studies of 
phospholipid bilayers and biological membranes in native 
conditions. The analysis of  31P NMR spectra of lipids 
provide information about lipid bilayer packing, phase 
transitions, lipid head group orientation/dynamics, and 
elastic properties of pure lipid bilayer in native state and 
after binding with proteins and other biomolecules30. Lipid 
bilayers give a characteristic broad spectrum with a high 
field peak and low field 31P line shoulder. The 31P NMR 
resonance line shape was determined by the chemical 
shift anisotropy (CSA) (measured from the low σ‖ and 
high σ┴ field shoulders of the spectrum, ∆σ = σ┴- σ‖) of 
the phosphate group coupled with the molecular motions 
near the bilayer head groups31.

The change in 31P NMR line shape of lipid bilayers 
incorporated with increasing concentrations of selected 
derivatives is shown in Fig. 2. In each case the lower most 
graphs represent the 31P NMR line shape for lipid bilayers 
alone (Fig. 2 DPPC). In a randomly oriented sample 
such as DPPC dispersions in the gel phase, the overall 
rotational rate is slow. One observes a sharp signal at 
-20 ppm from lipid molecules with their long axis oriented 
perpendicular to the direction of the magnetic field (σ┴), 
while for the parallel alignment of the lipid molecules (σ‖) 
a broad shoulder appears at 25 ppm. A relatively small 
but sharp peak is observed at 0 ppm due to the formation 
of a small amount of unilamellar vesicles with a small 
size that permits fast internal and tumbling motions. It 
may be noted here that these molecules do not alter the 
characteristic line shapes exhibiting bilayer features of 
the MLV’s of lipid at all concentrations.

In the case of 1d (2’, 4’-dihydroxy-4’-hydroxy 
chalcone), with increasing concentration, parallel peak 
became broad and shifted towards the perpendicular 
peak. The perpendicular peak at 1:10, 1:5 and 1:2 
became broad except for 1:1 which remained unaffected. 
This indicated that there was slight perturbation of the 
lipid bilayer structure as the drug concentration goes on 
increasing (Fig. 2. 1d). In case of 1g (2’, 4’-dihydroxy-3’’, 
4’’-dimethoxy chalcone), 31P line shape was not affected 
and remained very similar to DPPC. Line shape features 
of bilayer structure remained unchanged, similar to 
DPPC. It was observed that the perpendicular peak 
slightly broadened as the concentration of drug increased. 
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Fig. 1: Docked poses of 1d (2’, 4’-dihydroxy-4’’-hydroxychalcone), 1g (2’, 4’-dihydroxy-3’’, 4’’-dimethoxychalcone), 1i (2’, 
4’-dihydroxy-4’’-chlorochalcone) and 2b (7-hydroxy-4’-methoxyflavone)

Moreover, the bilayer features remained intact to a large 
extent keeping the vesicles highly rigid. This suggested 
that 1g imparted very little perturbation to the bilayer 
(Fig. 2. 1g) and produced membrane stabilizing effect. 
In case of 1i (2’, 4’-dihydroxy-4’-chloro chalcone), 31P 
line shape changed as the concentration of the drug 
varied and was slightly different from that of DPPC. But 
the parallel peak did not completely vanish, indicating 
that there was membrane stabilizing effect. At the drug: 
lipid molar ratio of 1:10, the line shape features of bilayer 
structure remained unchanged and very similar to that 
of DPPC. When the concentration of the drug was the 
highest, the perpendicular peak remained at -20 ppm 
while the parallel peak shifted towards the perpendicular 
peak. At the drug: lipid molar ratio of 1:10 and 1:2, the 
perpendicular peak broadened. The effect of 1i perturbed 

the bilayer phase. Thus, it was observed that there was a 
perturbation of the lipid bilayer as the drug concentration 
varied (Fig. 2. 1i).  In case of 2b (7-hydroxy-4’-methoxy 
flavone), the parallel peak remained unaffected while the 
perpendicular peak broadened as the drug concentration 
goes on increasing. The bilayer features remained intact 
to a large extent keeping the vesicles highly rigid. This 
suggested that 2b also imparted very little perturbation 
to the bilayer (Fig. 2. 2b).

Discussion

The 31P NMR studies along with molecular docking 
revealed that methoxy substituted chalcone and flavone 
showed membrane stabilizing effect on DPPC bilayer 
and good receptor interaction with pandemic NA. As 
antiviral drugs are known to show membrane stabilizing 
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Fig. 2: 500 MHz concentration dependent 31P NMR spectra of DPPC (100 mmol/l) 
multilamellar vesicles incorporated with 1d (2’, 4’-dihydroxy-4’’-hydroxy chalcone), 
1g (2’, 4’-dihydroxy-3’’, 4’’-dimethoxy chalcone), 1i (2’, 4’-dihydroxy-4’’-chloro 
chalcone) and 2b (7-hydroxy-4’-methoxy flavone). The additive: lipid molar ratios 
are (A) 0:10, (B) 1:5, (C) 1:2, and (D) 1:1. All experiments are at 323 K

Table I: Designed chalcone and flavone scaffolds

Scaffolds Code R1 R2 R3 R4

1a H H H H

1b OH H H H

1c H OH H H

1d H H OH H

1e H OH OH H

1f OCH3 H H H

1g H OCH3 OCH3 H

1h H OCH3 OCH3 OCH3

1i H H Cl H

2a H H H H

2b H H OCH3 H

2c H Cl H H

2d H H Cl H

2e H H NO2 H

effect on host cell, it further justifies 
the point that methoxy chalcone 
showed good antiviral activity which 
remained unaffected even after its 
cyclization to flavone derivatives. 
From the above results, we can 
conclude that chalcone and flavone 
which are not “me too” type of 
scaffolds as that of oseltamivir and 
zanamivir show antiviral properties 
evident from 31P NMR studies and 
computational studies.
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Table II: Atoms of 1d (2’, 4’-dihydroxy-4’’-hydroxy 
chalcone), 1g (2’, 4’-dihydroxy-3’’, 4’’-dimethoxy 
chalcone), 1i (2’, 4’-dihydroxy-4’’-chloro chalcone), 2b 
(7-hydroxy-4’-methoxy flavone) and amino acid residues 
involved in Hydrogen bonding with 3TI6 protein. Last 
row indicates number of H-bonds formed

Amino acid 
residues 1d 1g 1i 2b

SITE1 - - - -

ARG118 -
C=O…

NH
- OH…NH

ARG292
OH…
NH

-
OH…
NH

-

ARG371 -

OH…NH

C=O…
NH

- -

SITE2

GLU119
OH…O-

C=O
- - -

ASP151 - - - -

GLU227 - - - -
SITE 3

TRP178 - - - -

ILE222 - - - -
SITE 4

GLU276 - - - -

GLU277
OH…O-

C=O
-

OH… 
O-C=O

-

ARG156 - - - -

SER176 - - -
OCH

3…
NH

ARG156 -
OCH3…

NH
- -

ASP151 - - - -

ASN347 - OH…NH - -

H Bonds 5 5 3 2
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