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ABSTRACT 

Objective: Flavones are an important class of naturally occurring molecules possessing multiple pharmacological activities. The anti-proliferative 
activity is associated with the ability of flavones to influence membrane–dependent processes. We have investigated the localization and interaction 
of the synthesized flavones: 4΄–methylflavone (4MF) and 4΄–methyl–7–hydroxy flavone (4M7HF) with 1,2–dipalmitoyl–sn–glycero–3–
phosphocholine (DPPC) model membrane. 

Methods: Diferential Scanning Calorimetry (DSC) and multi nuclear NMR was used to study the interactions with DPPC model membrane. The 
extent of interaction of these compounds has been compared with the parent molecules: flavone (FLV) and 7–hydroxy flavone (7HF).  

Results: Results of DSC and NMR indicate that FLV partitions deepest inside the hydrophobic core and 7HF is localized mostly at the lipid/water 
interface. 4MF and 4M7HF lying in between the hydrophilic and hydrophobic core. All four molecules assume a mixed orientation with respect to 
the bilayer normal as indicated by chemical shifts of the lipid protons in NMR. Interaction with the membrane follows the order 
FLV>4MF>4M7HF>7HF. Radical scavenging activity parallels the presence of hydroxyl groups. Although FLV interacts highest with the membrane, 
it does not show highest antiproliferative activity. Interaction of the compounds with protons 3, 5a and 7 of DPPC is improved by the methyl 
substitution on the B-ring, so is the antiproliferative activity. 

Conclusion: That's antiproliferative activity of the compounds is at least partially related to the interaction of these molecules with the lipid water 
interface region. 

Keywords: Flavones, DPPC, Anti-proliferative activity, Anti-oxidant effect, DSC, NMR. 

 

INTRODUCTION 

Flavonoids are a group of polyphenolic compounds, with a 
diphenylpropane skeleton. These compounds are associated with a 
broad spectrum of pharmacological activities [1]. Chrysin, (5, 7–
dihydroxyflavone) is one of the major naturally occurring flavones. 
It possesses anti–proliferative, antioxidant and anti–inflammatory 
activity [2]. Antioxidant activity of the naturally occurring flavones 
has been extensively studied [3]. It is well documented in the 
literature that antioxidant properties of flavonoids are dependent 
upon the number and position of the phenolic hydroxyl groups [4]. 
Even simple monohydroxy flavones derivatives such as 7–hydroxy 
flavone possess significant antioxidant effects [5]. The antioxidant 
activity is partially associated with the ability of the flavone to 
interact with various regions of the membrane [6].  

Several mechanisms have been proposed to explain the anti–
proliferative activity of chrysin and its analogs [7–8]. Our previous work 
on naturally occurring flavonoids indicated that the anti–proliferative 
activity of the compounds was affected by localization and interaction of 
those compounds with lipid bilayers [9]. Quercetin with highest anti–
proliferative activity was shown to localize and interact with the lipid 
water interface region whereas unsubstituted flavone (FLV) was 
localized deeper in the lipid bilayer. To probe further into the 
relationship between anti–proliferative activity, localization and 
interactions with the lipid bilayer, we synthesized substituted flavones 
viz. 4´–methyflavone (4MF) and 4´–methyl–7–hydroxy flavone (4M7HF) 
and compared their interaction with 7HF and FLV in relation to their 
antioxidant and anti-proliferative activities. 

MATERIALS AND METHODS 

Materials 

Flavone, 7–hydroxyflavone, 1, 2–dipalmitoyl–sn–glycero–3–
phosphocholine (DPPC), 2, 2–diphenyl–1–picrylhydrazyl (DPPH), 
benzoic acid, phosphorous pentachloride (PCl 5

 

) and 2–

hydroxyacetophenone were purchased from Sigma chemicals Co. 
USA. The solvents used were of AR grade. 

 
 

 

Fig. 1: Structure of Flavone (FLV), 4′ –methylflavone (4MF), 7–
hydroxyflavone (7HF) and 4′–methyl–7–hydroxyflavone (4M7HF) 
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Synthesis 

A mixture of 2, 4–dihydroxyacetophenone (6.8 gm, 0.05 mol), 
benzoyl chloride (14.03 gm, 0.07 mol) or substituted benzoyl 
chloride and dry pyridine (10 ml) was shaken for 0.5 h. and then 
was poured onto crushed ice containing HCl (1M, 250 ml). The 
product was filtered and washed with ice–cold methanol (10 ml) 
and then with water. The product obtained was placed in dry 
pyridine and was stirred with powdered potassium hydroxide 
followed by acidification with 10% acetic acid to give 1, 3–
propanedione derivative. It was refluxed with sulphuric acid and 
then poured on crushed ice to give the desired flavones (Scheme I) 
which were recrystallized from methanol and purified by column 
chromatography over silica gel to obtain pure flavones (fig. 1). The 
flavones were characterized by elemental analysis and NMR (1H, 13C 
and COSY). The values of 1H and 13

Drug–MLV binding constants were determined by the centrifugation 
method [10] with some modification. MLV’s was prepared by 
varying the lipid concentration from 0.25 mg/ml to 2 mg/ml with 
fixed drug concentration of 100 µM. This corresponds to a drug: 
lipid ratio in the range 1:2.5 to 1:20. The resulting MLV’s were 
incubated with water for 2 h, vortexed and subsequently transferred 

into ultracentrifuge tubes. Separation of liposomes from the aqueous 
phase was achieved by centrifugation at 40, 000 rpm for 2 h. To the 
water supernatant was added methanol to make a solvent mixture 
containing only 10% methanol. The drugs were also dissolved in a 
solvent with the same ratio of water and methanol. Optical density 
of 100μM solution of the pure drug was measured at a wavelength 
range of 220–400 λ. The amount of drug bound to liposomes was 
determined from the difference in optical density measured for the 
pure drug and that of the unbound drug present in the supernatant. 
The drug–liposome apparent binding constant (k) has been analyzed 
using the double reciprocal plot of the fraction bound versus lipid 
concentration which yields a straight line with a slope 1/k. 

C NMR spectral peak positions (in 
ppm) are given in table 1. 

Determination of drug–MLV binding constants 

NMR and DSC experiments 

NMR spectra were recorded on a BRUKER AVANCE 500 MHz NMR 
spectrometer. 2D–COSY and 2D–NOESY spectra were recorded using 
standard pulse programs [11, 12], with a mixing time of 400 
ms.[31]P and 13

 

C NMR experiments were carried out with a 
relaxation delay of 1s using broadband proton decoupling. NMR 
software Topspin 2.0 was used for data processing. DSC 
measurements were performed on differential scanning calorimeter 
VP–DSC (Microcal, Northampton, MA, USA) by a procedure used 
earlier [13]. Repeated scans for the same samples were generally 
super impossible. Data was analyzed with the software ORIGIN 
provided by Microcal. 

Table 1: 1H and 13C NMR chemical shifts (ppm) for flavones in DMSO–d6 at 323K 

1H  13 FLV C 4MF 7HF 4M7HF 
1H 13C 1H 13C 1H 13C 1H 13C 

 C2  163.2  163.5  163.4  163.2 
H3 C3 7.01(s) 107.5 7.01(s) 106.9 6.86(s) 107.2 6.86(s) 103.0 
 C4  177.6  177.6  176.9  177.1 
H5 C5 8.08(d) 125.2 8.06(d) 125.9 7.91(d) 127.0 7.89(d) 127.0 
H6 C6 7.52(t) 126.0 7.52(t) 125.3 6.94(m) 115.6 6.93(dd) 115.5 
H7 C7 7.85(t) 134.7 7.85(t) 134.7  162.6  162.6 
H8 C8 7.78(d) 118.9 7.81(d) 118.9 7.01(d) 103.1 7.01(d) 106.5 
 C9  156.2  156.3  158.1  158.0 
 C10  123.8  123.9  116.7  116.7 
 C1΄  131.7  128.9  131.9  129.0 
H2΄ C2΄ 8.10(d) 126.8 8.02(d) 126.8 8.04(d) 126.7 7.96(d) 126.6 
H3΄ C3΄ 7.61(m) 129.5 7.41(d) 130.2 7.58(m) 129.6 7.39(d) 130.2 
H4΄ C4΄ 7.62(m) 132.2  142.6 7.59(m) 132.0  142.2 
H5΄ C5΄ 7.61(m) 129.5 7.41(d) 130.2 7.58(m) 129.6 7.39(d) 130.2 
H6΄ C6΄ 8.10(d) 126.8 8.02(d) 126.8 8.04(d) 126.7 7.96(d) 126.6 
7OH       10.71(s)  10.81(s)   
4΄CH CH3  3  2.42(s) 21.6   2.41(s) 21.6 

 

Sample preparation  

Multilamellar vesicles (MLV’s) from DPPC were prepared using 
standard procedure [14]. The desired quantity of DPPC and drug 
were dissolved in chloroform. The solvent was 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 under 
vacuum. MLV’s sample thus prepared was hydrated with the 
required amount of D2

Determination of antioxidant activity by DPPH Assay 

O at pH 7.2, followed by incubation in the 
water bath at 50ºC with repeated vortexing. The lipid concentration 
for NMR samples was maintained at 100 mM while the 
concentrations of the flavones were varied from 10 to 50 mM. For 
DSC experiments, samples were prepared by mixing the lipid and 
drug solutions to obtain drug/lipid ratios from 1:20 to 1:2 by 
maintaining the lipid concentration to 50 mM. Unilamellar vesicles 
(ULV’s) for NMR experiments were prepared by sonicating the lipid 
dispersions using a Branson Sonicator–450 at 50% duty cycles till 
optical clarity was obtained. 

Varying concentrations of each drug (0–200 µg/ml, 0.5 mL in 
methanol) were added to methanolic solution of DPPH (0.1 mM, 1.0 
mL) and Tris–HCl buffer (0.1 M, pH 5.5, 1.0 mL) to make a total 
volume 2.5 mL. The absorbance of the sample was measured at 517 

nm after 0.5 h of incubation [15]. The reaction solution without 
DPPH was used as a blank test. Measurements were performed in 
triplicate. Free radical scavenging activity of the drug was measured 
as the difference in absorbance between the test sample and the 
control (sample without drug). Concentration required for a 50% 
reduction (IC50

Determination of Anti–proliferative Activity 

 in μg/ml) of DPPH radical solution was determined 
graphically.  

Anti–proliferative activity was evaluated by the Sulforhodamine B 
assay method [16]. Three different cell lines, viz. K562, HepG2 and 
MCF–7 were used. Cell lines were grown in RPMI 1640 medium 
containing 10% fetal bovine serum and 2 mM of L–glutamine. The 
test compounds were dissolved in dimethyl sulfoxide and diluted 
suitably before adding them to the culture medium. After incubation 
at standard conditions for 48 h, percent growth inhibition of cells 
has been calculated. 

RESULTS AND DISCUSSION 

Binding Studies 

Fig. 2 shows a plot of fraction of drugs bound to MLV’s with 
increasing concentration of lipid. In all cases, an increase in binding 
affinity is observed with increasing concentration of lipid. 4MF and 
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FLV show higher binding as compared to 4M7HF and 7HF. Double 
inverse plot of the fraction of drug bound vs. inverse of lipid 
concentration (inset fig. 2) has been used to calculate the binding 
constants. The results indicate that these molecules bind to the MLV’s 
with variable degree of affinity, in the order, FLV>4MF>4M7HF>7HF. 
The apparent binding constants measured are: FLV: 3125 M–1, 4MF: 
2304 M–1, 4M7HF: 1030 M–1 and 7HF: 851 M–1. It may be noted that 
introduction of methyl group as in 4M7HF enhances its binding as 
compared to 7HF. The possible hydrophobic interactions between FLV 
and the alkyl region of the lipid bilayer may be responsible for higher 
binding constant of FLV. The binding of the flavones in context of their 
thermotropic behavior and dynamics of lipids affecting the 
intermolecular interactions has been addressed below. 
 

 

Fig. 2: Binding of FLV (●), 4MF (○) 7HF (▼) and 4M7HF (∆), with 
DPPC MLV’s 

 

The fraction of drug bound (FB) has been determined by the 
centrifugation method, as described in the text. The inset fig. shows 
the double reciprocal plot for 4MF. 

DSC studies 

DSC is a sensitive technique for studying the effect of drugs on the 
packing order of lipid bilayers. Thermotropic aspect of drug–lipid 
interactions can be studied by examining changes in the melting 
point and the shape of the DSC thermograms [17]. Fig. 3 shows 
DSC thermograms of DPPC bilayers incorporated with increasing 
concentrations of FLV, 4MF, 7HF and 4M7HF. In each case, the 
lower most graphs (a) represent the thermogram for lipid bilayers 
alone. Here, the pre transition temperature (T p) at 34.1 °C 
indicates the mobility of the choline part of the polar head of 
DPPC. Mobility of the alkyl chain is reflected in the main transition 
(Tm

We had reported earlier [9] about the abolition of the 
pretransition peak of FLV as well as presence of the 
pretransition peak even at higher concentration of 7HF. The 
presence of pretransition peak is also seen in the thermograms 
of 4MF and 4M7HF, indicating the interaction of these molecules 
with the head group region which stabilizes the membrane 
architecture [18]. As the molecules penetrate deeper inside the 
hydrophobic region, the bonding with polar head group region 
weakens resulting in a concentration–dependent increase in the 
Tp values of 4MF and 4M7HF. On the other hand, a decrease in 
the main transition temperature on addition of the compounds 
indicates a possible interaction of the molecules with the 
hydrophobic core of the lipid bilayer. The maximum decrease in 
Tm value as observed for FLV (at drug/lipid molar ratio of 1:2) 
is 5.83 °C as compared to pure DPPC bilayer (table 2). This 
indicates a strong interaction with the hydrophobic core which 
enhances the fluidity of the lipid bilayers. Moreover, a 
broadening of T

) at 42 °C. 

m  peak indicates a decrease in co–operativity of 
the alkyl chain again indicating its localization in the 
hydrophobic core. The order of decrease in T m

  

 for the molecules 
are FLV>4MF>4M7HF>7HF. The hydroxyl groups present on the 
A–ring of 4M7HF and 7HF probably get involved in hydrogen 
bonding with part of the head group region and prevent their 
deeper penetration in the hydrophobic core. This leads to a 
lesser interaction with the alkyl chain. 

 

Fig. 3: DSC heating curves of hydrated MLV’s of DPPC (50 mm) containing drugs, at drug/lipid molar fractions; a=0.0; b=0.05; c=0.1; d=0.2; e=0.5 
 

Table 2: Pretransition (Tp) and main transition (Tm

Drug/DPPC 

) temperatures of DPPC (50 mM) with varying drug/lipid molar ratios 

FLV 4MF 7HF 4M7HF 
 T Tp  Tm Tp  Tm Tp  Tm Tp m 

Pure  34.10 41.98  34.10 41.98  34.10 41.98  34.10 41.98  
DPPC –– (0.00) 31.26 (0.00) 32.19 (0.00) 27.60 (0.00) 
1:20 –– 37.16  31.76 40.85  32.05 40.78  31.56 40.53  
1:10 –– (4.82) 31.93 (1.13) 27.71 (1.20) 32.54 (1.45) 
1:5 –– 36.44  32.44 40.42  27.43 40.48  –– 40.45  
1:2  (5.54)  (1.56)  (1.50)  (1.53) 
  36.37   40.17   40.34   40.20  
  (5.59)  (1.81)  (1.54)  (1.78) 
  36.15   39.19   39.86   39.76  
  (5.83)  (2.79)  (2.12)  (2.22) 

Numbers in brackets indicate difference in the main transition temperature from that of DPPC bilayers. 
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NMR experiments 
1H and 13C NMR spectra of FLV, 4MF, 7HF and 4M7HF in DMSO–d6 
have been assigned using 2D COSY spectrum, literature data and 
splitting patterns (table 1). Fig. 4 shows an aromatic region of 1

  

H 
NMR spectra of drugs alone (spectra a, b, c and d) and of drugs 

incorporated with ULV′s of DPPC (spectra a′ , b′, c′ and d′). It is 
observed that in all the four cases, the drug signals arising from 
aromatic protons become broad on incorporation into lipid 
bilayers. The chemical shifts are significantly altered and show 
both downfield and up–field shifts from their original positions. 

 

Fig. 4: 500.13 MHz 1H NMR spectra of aromatic region of pure FLV (a), 4MF (b), 7HF (c) and 4M7HF (d) and that of ULV’s of DPPC 
incorporated with FLV (a′), 4MF (b′), 7HF (c′) and 4M7HF (d′) in 1:5 drug: lipid molar ratio at 323K in D2

 

O 

The protons 3´H and 5´H of 4MF, 7HF and 4M7HF are shifted 
significantly. This indicates interaction with lipid protons at these 
positions. On the other hand, in case of FLV the shift of these protons 
is less but broadening of peak is observed due to interaction. The 8H 
protons of 7HF and 4M7HF are shifted downfield to a great extent 
indicating the involvement of 7–OH group in the hydrogen bonding 
with DPPC. While an up–field shift of 8H proton, in case of 4MF 
shows its direct interaction with the membrane bilayer. A downfield 
shift of 5H proton is seen in 4MF, 7HF and 4M7HF but in case of 4MF 
the downfield shift is highest, again showing its strong interaction. 
These observations support our results using DSC. It may be pointed 
out that benzene rings are known to preferentially bind to the 
hydrophobic core of lipid bilayers. Addition of a hydroxyl group to 
the ring is likely to shift the location of the ring to the lipid–water 
interface [19, 20]. In the present study, this is true for 7HF and 
4M7HF, where the A–ring containing hydroxyl groups orient 
towards the lipid–water interface and the B–ring penetrates in the 
hydrophobic core. In such an orientation, the hydroxyls of the A ring 
are able to reside at the lipid water interface forming H–bonds, 
either with water molecules or phosphate and/or acyl oxygens of 
DPPC. The interaction at the head group region is likely to be a 
combination of H–bonding and cation–π interaction between drug 
molecule and DPPC. Although FLV does not display the very 
significant shift of aromatic protons as compared to other 
compounds, but broadening of peaks indicate a strong interaction of 
aromatic protons with the membrane.  

The comparison of the 1

Upon interaction with ring edge the resonances are shifted 
downfield and on interaction with ring centre it is shifted up–field 
[22]. Thus, a uniform downfield shift indicates the ring plane to be 
perpendicular whereas a uniform up–field shift indicates a parallel 
orientation of the ring plane with reference to the bilayer normal. 
Absence of a uniform up–field or downfield shift in all cases 
indicates mixed orientation of the rings. 

H NMR spectra of pure DPPC and ULV’s of 
DPPC incorporated with drugs (1:5 drug/lipid molar ratios) at 323 K 

indicates shift of DPPC protons upon binding with the flavones 
under study (fig. 5). These shifts can be used for predicting the 
localization of the compounds in the lipid bilayer. The chemical 
shifts of the lipid protons also indicates the orientation of the drug 
molecules with respect to the lipid bilayer normal [21]. The drug 
molecule imparts ring current effects on the lipid protons, due to 
which the lipid resonances are known to shift up–field or downfield.  

Upon binding with FLV there is the significantly large shift in the 
alkyl chain region of lipid. However, for 4MF and 4M7HF the shift is 
largest with the sn–1–glycero group followed by polar head region. 
The above chemical shift pattern of the lipid protons in the presence 
of drugs, indicates that FLV interaction is mostly at the hydrophobic 
core while, that of 4HF, 7HF and 4M7HF interaction is mostly at the 
lipid/water interface. A perpendicular orientation with respect to 
the hydrophobic core is seen in case of FLV. 7HF show minimum but 
uniform interaction at all regions. To probe deeper into the nature of 
interaction, 1H–1H NOESY spectra of ULV’s of DPPC and of those 
incorporated with drugs have been recorded (fig. not shown). 2D 
NOESY spectra of FLV, 4MF, 7HF and 4M7HF incorporated with 
ULV’s show both intramolecular and intermolecular NOEs indicative 



Joshi et al. 
Int J Curr Pharm Res, Vol 7, Issue 2, 43-50 

47 

of their interaction with lipid bilayer. In the case of FLV, protons H3΄ 
and H5΄ of ring B show NOEs (close proximity) with the (CH2)n 
protons. In case of 7HF and 4M7HF, protons of rings A and C show 
close proximity largely with the head region–N(CH3)3 

 
protons. This 

indicates that these molecules are largely residing in the polar head 
region with some penetration in the hydrophobic core. This 
supports our earlier discussions that only FLV is partitioning deeper 
into the hydrophobic core. 

 

Fig. 5: Ring current induced chemical shift changes in the signals of ULV’s of DPPC incorporated with drugs in 1:5 drug/lipid molar ratio at 
323K in the presence of FLV, 4MF, 7HF and 4M7HF. Chemical shifts are either up–field (+) or downfield (–), depending on the orientation 

of the drug molecule with respect to the bilayer normal 
 

In the 13

[31]P NMR is sensitive to local motions and the orientation of the 
phosphate group in the membrane. It has been used for monitoring 
structural changes and detecting polymorphism in model 
membranes [24]. Effect of FLV, 4MF, 7HF and 4M7HF on [31]P line 
shape has been monitored at varying temperature and 
concentrations. 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 (Supplementary fig. 1). However, 
FLV molecule, show a change in the [31]P line shape from bilayer to 

C NMR of the DPPC ULV′s  and that of ULV′s incorporated 
with FLV, 4MF, 7HF and 4M7HF, all the signals arising from drugs 
are broadened compared to their pure form (fig. 6). The broadening 
of the signals arises due to an exchange at an intermediate NMR time 
scale between the bound and free form of these molecules [23]. 
However, signals arising from lipid mostly remain sharp. A 
broadening of the peak is observed in the FLV, 4MF and 4M7HF 
incorporated ULV vesicles in carbon atom 5 belonging to sn–1–
glycero group of lipid (indicated by * in the vertical expansion of fig. 
6) showing its interaction with the drug molecule. In the case of ULV 
vesicles incorporated with 7HF this peak remains sharp. This further 
supports our observation that unlike 7HF which is mostly localized 

at the polar head region of lipid/water interface the other molecules 
are located deeper inside and interact at the sn–glycero region. 
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hexagonal phase at 1:2 drug/lipid molar ratio. Lipid bilayers give a 
characteristic broad spectrum with a high field peak and low field 
shoulder. Chemical shift anisotropy (CSA) can be measured from the 

low and high field shoulders of the spectrum (σ║ and σ┴ 

 

components). The CSA of the phosphate group has been used to 
determine the molecular motions near the bilayer head groups [25]. 

 

Fig. 6: 125.7 MHz 13C NMR spectra of the ULV’s of DPPC (A) and ULV’s of DPPC incorporated with FLV (B′), 4MF (C′), 7HF (D′) and 4M7HF 
(E′) in 1:5 drug/lipid molar ratio at 323K in D2O. The 13C NMR spectrum of pure drug molecules FLV (B), 4MF (C), 7HF (D) and 4M7HF (E) 

in DMSO–d6

 

 is also shown. Peaks for carbon atoms 5 and 7 have been vertically expanded to show up-field shift as indicated by * 

The effect of FLV, 4MF, 7HF and 4M7HF on the [31] PCSA has been 
measured as a function of concentration and temperature is shown 
in fig. 7. The amount by which the CSA is reduced is related to the 
allowed amplitude of the motion [26]. At 323K (phase transition 
temperature), in case of 7HF, the CSA increases with increasing 
concentration indicating restricted motion of the head group due to 
binding. The molecule is likely to form hydrogen bonds with the 
phosphate oxygens or water molecules which are present in the 
vicinity, thereby causing a decrease in the local mobility of 
phosphorus and a consequent increase in CSA. FLV, 4MF and 4M7HF 
on the other hand impart constant decrease in CSA with increasing 
concentration indicating a relatively free motion of the head region 

of lipid bilayer. This is due to the binding of these molecules to the 
interior hydrophobic core of the lipid bilayer with the consequent 
increase in membrane fluidity, as also observed in case of DSC 
results. Similar trends in change in CSA are observed below and 
above phase transition (at 303K and 333 K) as well for all four 
molecules. The highest decrease in CSA is observed in case of 4MF 
molecule followed by 4M7HF and 7HF. However, in case of FLV 
phase transformation starts at higher temperature, due this, its CSA 
starts increasing. Therefore, based on the above NMR results we can 
say that FLV is partitioning deepest inside the hydrophobic core and 
7HF is localized mostly at the lipid/water interface. 4MF and 4M7HF 
lying in between the hydrophilic and hydrophobic core. 

 

 

Fig. 7: Change in CSA (Hz) of DPPC ULV’s on increasing concentration of FLV (●), 4MF (○), 7HF (▼) and 4M7HF (∆). Temperatures are 303K, 
323K and 333K in D2O 
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Anti–oxidant and anti–proliferative activity 

DPPH assay has been used to estimate the radical scavenging and 
antioxidant activity of flavonols [27]. The radical scavenging activity 
is known to depend on the number and the position of the phenolic–
OH groups [28]. The molecules 7HF and 4M7HF possess OH group 
on ring A therefore they show highest antioxidant activity. The 
antioxidant property of these molecules varies in the order 
7HF>4M7HF>>4MF>FLV and depends upon the presence of 
hydroxyl group. These results are in accordance with the presence of 
7–OH group which is responsible for the radical scavenging activity. 
The anti–proliferative activity of the flavones is shown against K562, 
HepG2 and MCF–7 cell lines in table 3. In our previous paper [9] on 
the naturally occurring flavones, we had observed that Baicalein and 
6–HF show a significant antiproliferative activity as compared to 
other naturally occurring flavones. A closer look at the values of 
induced chemical shifts indicates that these compounds interact 
significantly with the protons 3, 5a and 7 (numbers according to fig. 

5) of DPPC. Same was the case with the synthetic flavones. Our work 
on 4´–nitroflavone [29] also indicates that interaction of this 
compound with protons 3, 5a and 7 of DPPC paralleled its 
considerable antiproliferative activity. Extending these observations 
to the compounds under the present study, we can observe that 
none of the present flavones 4MF and 4M7HF interact significantly 
with all these protons (3, 5a and 7) of DPPC. They also do not 
possess considerable antiproliferative activity. However, if we 
compare them to their base moieties their activities seem to be 
improved. 4MF shows greater effect against K562 and MCF–7 cell 
lines as compared to FLV. Similarly, 4M7HF shows greater effect 
against K562 and HepG2 as compared to 7HF. These effects parallel 
the improved interactions of these compounds with protons 3, 5a 
and 7 of DPPC. Therefore, we can say that incorporating methyl 
group at 4´–position of the respective flavones alters the localization 
and interaction of these compounds in the model lipid membrane, 
which has direct implications on the antiproliferative activity of 
these compounds. 

  

Table 3: In vitro antioxidant activity (by DPPH radical scavenging method) and antiproliferative activity (on cell growth of different 
human cancer cell lines) of flavones 

Flavones DPPH radical scavengingactivity IC50 
(μg/ml)

% Growth of different human cancer cell lines
a 

b 
MCF–7 K562 HepG2 

FLV >100 50.2 58.6 –9.6 
4MF 52.1 30.2 41.1 71.8 
7HF 24.2 26.9 22.3 98.8 
4M7HF 25.6 32.0 21.5 82.0 

aThe molar drug concentrations required to cause 50% inhibition (IC50) were determined from dose–response curves. bConcentration of flavones is 
10-4

 

 μg/ml. Results represent means±SD of at least three different experiments. 

CONCLUSION 

The objective of the present study was to establish the effect of 
substitution at 4´–position of the flavones on their localization, 
interactions with DPPC and pharmacological activity. It has been 
shown that localization of these compounds depends upon the 
nature of the substituents and interaction of these molecules plays 
an important role in their antiproliferative activity. From the present 
work, it may be concluded that antiproliferative activity of the 
compounds is at least partially related to the interaction of these 
molecules with the lipid water interface region.  
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