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Binding Interactions of Naringenin and Naringin with Calf Thymus DNA
and the Role of β-Cyclodextrin in the Binding
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Abstract. The interaction of naringenin (Nar) and its neohesperidoside, naringin (Narn), with calf thymus
deoxyribonucleic acid (ctDNA) in the absence and the presence of β-cyclodextrin (β-CD) was investi-
gated. The interaction of Nar and Narn with β-CD/ctDNA was analyzed by using absorption, fluores-
cence, and molecular modeling techniques. Docking studies showed the existence of hydrogen bonding,
electrostatic and phobic interaction of Nar and Narn with β-CD/DNA. 1:2 stoichiometric inclusion
complexes were observed for Nar and Narn with β-CD. With the addition of ctDNA, Nar and Narn
resulted into the fluorescence quenching phenomenon in the aqueous solution and β-CD solution. The
binding constant Kb and the number of binding sites were found to be different for Nar and Narn bindings
with DNA in aqueous and β-CD solution. The difference is attributed to the structural difference between
Nar and Narn with neohesperidoside moiety present in Narn.
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INTRODUCTION

The physicochemical analysis of the binding of small mol-
ecules with macromolecules like nucleic acids and proteins plays
a vital role to explore the application of the molecule in the field
of drug delivery. The interaction between various small mole-
cules and DNA is an important fundamental issue in life science
that is related to the replication and transcription of DNA in
vivo, mutation of genes and related variations of species in
character, action mechanism of some DNA-targeted drugs, or-
igin of some disease, and action mechanism of some synthetic
chemical nucleases and so on (1). Significant progress has been
made over the past few years in studies of drug–DNA interac-
tions. Structure-based design strategies have yielded newDNA-
binding agents with clinical promise (2). Various physicochemi-
cal methods have been utilized to find such interactions (3–5).
The absorption and fluorescence techniques are the widely used
tools due to their good repeatability and high sensitivity (6,7).
Fluorescence properties are generally sensitive to changes in the
physical and chemical environment and can be used to charac-
terize the rigid dynamics of macromolecules to which they are
attached (8). Modern method of drug designing uses computa-
tional chemistry to study about the drugs and related biological
active molecules. Structure-based and ligand-based drug design-
ing softwares have potential applications in the pharmaceutical
field to design novel drugs. In case of ligand-based drug design-
ing, software is mainly used for docking the ligand with target
drug molecules. Schrodinger software provides accurate, reli-

able, and high-performance computational technology and pro-
vides facilities to solve problems in life science research. It was
used for molecular modeling and well suited for drug
designing both structure-based and ligand-based methods.
Glide offers a complete solution for ligand receptor
docking with speed and accuracy (9).

Naringenin and naringin (naringenin-7-O-neohesperidoside)
are bioactive flavonoids which are present in substantial
amounts in plants (10,11). Naringin is one of the reasons for
the overall antioxidant activity of citrus fruit (12). Grapefruit has
total flavanone content of 27 mg/100 g as aglycones and a
distinct flavanone profile, dominated by naringin (13). It blocks
the lipopolysaccharide-induced transcriptional activity of tumor
necrosis factor alpha (14). Naringin is metabolized to the flava-
none, naringenin in humans. Naringenin possesses anti-inflam-
matory, anti-carcinogenic, and anti-tumor effects (15).
Naringenin has recently been shown to exert hypolipidemic
and hypocholesterolemic effects, which are particularly impor-
tant for protecting against chronic diseases (16). Metabolism
and excretion studies of oral administered naringin in rats and
dogs showed that about 21% of administered naringin was
recovered in rat excreta in the form of naringin, total naringenin,
and 4-hydroxy phenyl propionic acid, and about 60% was re-
covered in dog excreta (17). The study on the fate of naringin in
humans suggests that cleavage of the sugar moiety, presumably
by intestinal bacteria, is the first step of naringin metabolism.
Here, naringenin formation is thought to be the crucial step in
determination of bioavailability of the compound, which un-
dergoes rapid glucuronidation (18). Since naringin and
naringenin play a vital role in the metabolism of humans, it is
necessary to enhance its aqueous solubility/bio availability by
studying the comparison on naringin/naringenin interactionwith
β-cyclodextrin (β-CD)/DNA.
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CDs are cyclic D-glucopyranoses bonded through alpha-1,
4-glycosidic linkages. Some major cyclodextrins (α-, β-, and γ-
CDs) are produced from starch by bacterial cyclodextrin
glycosyltransferase (19,20). CDs, which are bucket-shaped cyclic
oligosaccharides, allow molecules of appropriate size to be in-
corporated inside their hydrophobic inner cavity for the slow
release of the molecules, mainly in the field of drug delivery. In
addition, the hydrophilic exterior nature of CDs helps to in-
crease the solubility of the small molecules which act as drugs
(21). There are approximately 30 different pharmaceutical prod-
ucts worldwide containing drug/cyclodextrin complexes on the
market (22). In studying the interaction of small molecules with
DNA, CDs are mainly used for three purposes viz., (a) to
increase the solubility of the drug molecules, (b) to increase
the fluorescence intensity of the drug molecules by forming
inclusion complexes, and (c) to tune the molecule for the selec-
tive interaction of a specific moiety with DNA backbone by

incorporating the undesired hydrophobic moiety with β-CD.
β-CD has been used as the host medium to reveal the specific
interacting site of the small molecule with DNA (1,23). The
present work deals with the analysis on the interaction
of Nar and Narn with ctDNA in the absence and the
presence of β-CD medium. The effect of neohesperidoside
group on the stoichiometry and the binding of Nar and
Narn with β-CD/ctDNA were investigated. The interaction
between Nar/Narn and β-CD/DNA was analyzed by mo-
lecular docking analysis.

MATERIAL AND METHOD

Material

Calf thymus DNA (Genei, India) was used as such with-
out further purification. The purity of ctDNAwas determined

Fig. 1. Docking poses of naringenin with β-cyclodextrin. a Hydrogen interaction. b Phobic interac-
tion. c Electrostatic interaction

Fig. 2. Absorption spectra of naringenin in the presence of various concentrations of β-
cyclodextrin. Inset The plot of 1/As–A0 against 1/[β-CD]2 for the interaction of naringenin in
the presence of various concentrations of β-CD
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from optical measurements (A260/A280>1.8, where A repre-
sents absorbance). ctDNA was dissolved in 50 mmol of NaCl
prior to use to obtain the concentration of 2.27×10−4 mol/L
(per nucleotide phosphate) which was calculated using the
molar extinction coefficient of 6,600 L (mol cm) at
260 nm. Naringenin and naringin were obtained from
Sigma, India. β-CD was obtained from Hi-Media, India.
Ten millimolars (pH, 3.5) acetate buffer solution was used
to control the pH value. Doubly distilled water was used
throughout, and the solutions were stored at 0°C to 4°C.
All the experiments were carried out at an ambient
temperature of 25±2°C.

Procedure

One milliliter of 10 mM acetate buffer was transferred
into microtubes. Aliquots of Nar/Narn and β-CD/ctDNA from

their stock solution were added and made up to the
required concentration by diluting with double distilled
water. The solution was shaken well after all the additives
were added, and the measurements of absorption and
fluorescence were made against the appropriate blank
solution. Both the excitation and the emission band width
were set up at 4 nm. Absorption measurements were
performed with a UV–visible spectrophotometer (V-630,
Jasco, UK) using a 1-cm path-length cell. Fluorescence
spectra were recorded on a spectrofluorimeter (Jasco FP
750, UK) equipped with a 150-W Xenon lamp. Molecular
modeling studies were carried out using Schrodinger with
the software, glide, version 5.5 to determine the interac-
tion of Nar and Narn with DNA/β-CD (24). The structure
of ctDNA duplex 5′-d (CCATTAATGG)2-3′ was built and
optimized (25). The docking tool was applied to generate
Nar–β-CD, Narn–β-CD, Nar–DNA, and Narn–DNA

Fig. 3. a Fluorescence spectra of naringenin in the presence of various concentrations of β-cyclodextrin. b The plot
of 1/I−I0 against 1/[β-CD]2 for the interaction of naringenin in the presence of various concentrations of β-CD

Fig. 4. a The molecular structure of naringenin. b The calculated length and width of naringenin. c
Schematic diagrams of the 1:2 inclusion complexation of naringenin with β-CD
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complex. The glide task most frequently performed is
ligand docking (26). G-Score was found out to derive
the strength of interactions (27).

RESULTAND DISCUSSION

Inclusion Complexation Between Nar and β-CD

Figure 1 shows the docking poses of Nar and β-CD (an
assumed 1:1 interaction) binding with the glide score of −1.91.
This shows the interaction of the possible group of Nar with β-
CD theoretically. The existence of hydrogen bonding and
phobic and electrostatic interaction can be seen. In vitro anal-
ysis was carried out to get further insight into the stoichiom-
etry of the complex.

Considering UV–visible absorption spectra, two peaks
(λmax, 289 and 323 nm) can be noticed for the Nar (3.67×

10−6 M) in the aqueous solution. These observed peaks such
as high intensity and weak shoulder peak can be attributed to
the presence of 5, 7-dihydroxy-2, 3-dihydro-4H-chromen-4-
one and phenolic moiety present in the Nar structure. The
addition of β-CD from 0 to 1×10−2 M to Nar results in the
increase of absorbance at 289 nm (Fig. 2). It can be noticed
that the increase in another shoulder peak which appeared at
λmax, 323 nm. It denotes the involvement of the two moieties
such as 5, 7-dihydroxy-2, 3-dihydro-4H-chromen-4-one and
phenol in the inclusion phenomenon on the addition of β-
CD. The Benesi–Hildebrand plot (28) of 1/[As−Ao] vs. 1/[β-
CD]2 for the formation of inclusion complex of Nar with β-CD
is shown in the inset of Fig. 2. The binding constant
between Nar and β-CD was calculated as 1.44×104 M−2

(correlation coefficient, 0.99). The linearity in the above
plot shows the formation of 1:2 complexation between
Nar and β-CD.

Fig. 5. Docking poses of naringin with β-cyclodextrin. a Hydrogen interaction. b Phobic interaction. c
Electrostatic interaction

Fig. 6. Absorption spectra of naringin in the presence of various concentrations of β-
cyclodextrin. Inset The plot of 1/As−A0 against 1/[β-CD]2 for the interaction of naringin
in the presence of various concentrations of β-CD
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The inclusion complexation was further followed by the
fluorescence spectral measurements. The fluorescence emis-
sion wavelength λemi at 323 and 368 nm was observed for the
Nar in aqueous solution (Fig. 3a). Addition of β-CD from
0 to 1×10−2 M concentration resulted in fluorescence
enhancement of both the fluorescence emission maxima.
A slight blue shift of λemi from 368 nm was observed for
the longer wavelength maximum. The above change might
be the evidence for the inclusion complexation occurring
between Nar and β-CD. The Benesi–Hildebrand equation
for 1:2 binding is given by

1
I� I0

¼ 1
I0 � I0

þ 1
I0 � I0

1

K b�CD½ �2 ð1Þ

where I0, I, I′, and K are the intensities of fluorescence of the
fluorophores without β-CD, intensity with varying concentra-
tions of β-CD, intensity with the maximum concentration of β-
CD, and the binding constant, respectively. The stoichiometry
is found to be 1:2 for the inclusion complex (guest/host) with
the binding constant of 6.53×104 M−2 (correlation coefficient,
0.99) (Fig. 3b). This observation of 1:2 complexation is in
accordance with the results obtained by the absorption
measurements.

It is well-known that the inner diameter and the
height of β-CD moiety are 0.62–0.78 and 0.79 nm, respec-
tively (29). The bond length of Nar, calculated by Rasmol
Version 2.7.5.2, supports the possibility of inclusion com-
plexation between and Nar and β-CD (Fig. 4). From the

Fig. 7. a Fluorescence spectra of naringin in the presence of various concentrations of β-cyclodextrin. b The plot of 1/
I−I0 against 1/[β-CD]2 for the interaction of naringin in the presence of various concentrations of β-CD

Fig. 8. a The molecular structure of naringin. b The calculated Length and width of naringin. c Schematic diagrams
of the 1:2 inclusion complexation of naringin with β-CD
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above discussion, the proposed model of the 1:2 com-
plexes can be depicted as in Fig. 4.

Inclusion Complexation of Narn with β-CD

Figure 5 shows the docking poses on the interaction
between Narn and β-CD (an assumed 1:1 interaction) with
the glide score of −4.94. It confirms the possible strong inter-
action of Narn with β-CD rather than with Nar.

Two peaks can be noticed in the absorption spectra for the
Narn (3.44×10 −6M) in the aqueous solution. These peaks (λmax,
282 and at≈326 nm) such as high intensity and weak a shoulder
can be attributed to the presence of neohesperidoside linked 5,
7-dihydroxy-2, 3-dihydro-4H-chromen-4-one and phenolic
moiety present in the structure. No considerable change in
λmax was observed for Narn by the addition of β-CD from 0 to
8×10−3 M from 282 (Fig. 6). The decrease in the absorbance was
noticed with respect to the two peaks on the β-CD titration. It
denotes the involvement of both the moieties with respect to β-

CD addition leading to the formation of inclusion complexation
of Narn. The Benesi–Hildebrand plot of 1/[As−A0] vs. 1/
[β-CD]2 for the formation of inclusion complex of Narn
with β-CD is shown in the inset of Fig. 6. The calculated
binding constant between Nar and β-CD was 39.78×
105 M−2 (correlation coefficient, −0.99) (inset of Fig. 6).
Thus, 1:2 stoichiometry was observed for the interaction
of Narn and β-CD. This is in accordance with the strong
glide score obtained for Narn–β-CD interaction than
Nar–β-CD theoretically.

The inclusion complexation was further analyzed to con-
firm the binding and stoichiometry of the complex by the
fluorescence spectral measurements. The fluorescence emis-
sion wavelength at 316 nm was observed for the Narn in
aqueous solution (Fig. 7a). Addition of β-CD from 0 to 1×
10−2 M concentration resulted in increase of the fluorescence
intensity. The above observation might be due to the inclusion
complexation of Narn with β-CD. The stoichiometry and the
binding constant were determined from Benesi–Hildebrand

Fig. 9. a Absorption spectra of calf thymus DNA in the presence of various concentrations of naringenin. b Absorption
spectra of calf thymus DNA in the presence of various concentrations of naringin

Fig. 10. Absorption spectra of naringenin in the presence of various concentrations of
ctDNA. Inset The plot of A0/As−A0 against 1/[DNA] for the interaction of naringenin in
the presence of various concentrations of ctDNA
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plot given in Eq. (1). The stoichiometry is found to be 1:2
for the inclusion complex (guest/host) with the binding
constant of 8.68×104 M−2 given in Fig. 7b (correlation
coefficient, 0.99).

The bond length of Narn calculated by the Rasmol Ver-
sion 2.7.5.2 supports the idea of inclusion complexation be-
tween and Narn and β-CD (Fig. 8). From all the discussion,
the proposed model of the 1:2 complexes can be proposed as
in Fig. 8.

Interaction Between Nar and ctDNA

The addition of various concentrations of Nar (0 to 6×
10−6 M) to ctDNA (5.67×10−6 M) resulted in a red shift of the
absorption band of DNA which found at 260 nm (Fig. 9a).
This shows the interaction of Nar with ctDNA. The effect of
quencher (ctDNA) was analyzed by the addition of varying
concentrations of ctDNA to Nar (3.67×10−6 M), which
resulted in absorption spectral changes, i.e., λmax from 288 to
282 nm up to a concentration of 1.70×10−5 M. The increase in
the absorbance of λmax 288 was noted, whereas the peak
at λmax 323 nm remains unaltered either in terms of
absorbance or absorption maximum wavelength (Fig. 10).

This might be due to the interaction of 5, 7-dihydroxy-2,
3-dihydro-4H-chromen-4-one moiety with the ctDNA.
From the variation of absorbance, the binding constant
K of Nar–ctDNA complex was obtained according to the
following equation (30).

A0

A�A0
¼ "G

"H�G � "G
þ "G

"H�G � "G

1
K DNA½ � ð2Þ

where A0 and A are the absorbance of the free quest and the
apparent one and εG and εH−G are their absorption coeffi-
cients, respectively. The plot of A0/A−A0 vs. 1/[DNA] follow-
ing Eq. (2) is shown in the inset of Fig. 10. The binding
constant for Nar–ctDNA binding is calculated as 2.68×
105 M−1 (correlation coefficient, 0.98).

The interaction of Nar with ctDNA was studied with
fluorescence spectroscopy (Fig. 11a). The concentration of
Nar is kept fixed at 3.67 × 10−6 M, whereas ctDNA
concentration is increased from 0 to 8.51×10−6 M in step-
wise addition. Nar showed weak fluorescence (excitation
wavelength, 288 nm). However, the presence of ctDNA
resulted in fluorescent quenching which might be due to the
interaction of Nar with ctDNA. The stoichiometry and their

Fig. 11. a Fluorescence spectra of naringenin in the presence of various concentrations ctDNA. b The plot of I0/I against [DNA] for the
interaction of naringenin in the presence of various concentrations of ctDNA. c The plot of LogF0−F/F against LogQ for the interaction of
naringenin in the presence of various concentrations of ctDNA

Fig. 12. Docking poses of naringenin with DNA. a Hydrogen interaction. b Phobic interaction. c Electrostatic
interaction
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association constant were determined from the fluorescence
spectral data. The quenching constant between Nar and DNA
was calculated as 1.21×105 M−1 (correlation coefficient, 0.99)
(Fig. 11b) following Stern–Volmer equation (31) given by

F0

F
¼ 1þKsv½Q� ð3Þ

where F0 and F are the fluorescence intensities in the absence
and the presence of fluorophore respectively. [Q] is the
quencher concentration and Ksv is the Stern–Volmer
quenching constant. The binding constant Kb and the number
of binding sites n were determined by using the fluorescence
spectral changes on titration with ctDNA (32).

Log ðF0

F
� FÞ ¼ LogKb þ nLog½Q� ð4Þ

The above equation was utilized for the plotting of dou-
ble logarithm regression curve (Fig. 11c) of log (F0−F/F)
versus log [Q]. The binding constant Kb and the number of
binding sites n for the interaction between Nar and ctDNA in
the aqueous solution were determined from the plot. The
number of binding sites n calculated for Nar and ctDNA is
2.10, i.e., approximately 2. This suggested the 1:2 stoichiomet-
ric interactions of Nar and ctDNA. The binding constant (Kb)
of Nar binding with ctDNA was 6.68×1010 M−1 (correlation
coefficient, 0.99). The interaction between Nar and DNAwas
further confirmed by docking studies. Figure 12 shows the
docking model for the interaction between Nar and DNA. A
distance of separation of 1.978 Å was observed for the
interaction between oxygen of adenine moiety of the B
strand of modeled DNA and hydrogen atom of Nar. The
glide score observed was −5.37.

Fig. 13. Absorption spectra of naringin in the presence of various concentrations of ctDNA.
Inset The plot of A0/As−A0 against 1/[DNA] for the interaction of naringin in the presence
of various concentrations of ctDNA

Fig. 14. a Fluorescence spectra of naringin in the presence of various concentrations ctDNA. b The plot of I0/I against [DNA] for the interaction
of naringin in the presence of various concentrations of ctDNA. c The plot of LogF0−F/F against LogQ for the interaction of naringin in the
presence of various concentrations of ctDNA
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Interaction Between Narn and ctDNA

Addition of various concentrations of Narn (0 to 6×
10−6 M) to ctDNA (5.67×10−6 M) resulted in red shift of the
absorption band of DNA centered at 260 nm (Fig. 9b).
Similarly, addition of varying concentrations of ctDNA
resulted in absorption spectral changes of λmax of Narn
(3.96×10−6 M) from 282 to 276 nm up to the concentration
of 4×10−5 M (Fig. 13). The absorbance increased on each
addition. Based on the variation of absorbance, the binding
constant K of Narn–ctDNA complex was obtained following
Eq. (3). The plot of A0/A−A0 vs. 1/[DNA] is shown in the
inset of Fig. 13. The binding constant for Narn–ctDNA
binding was calculated as 8.22×104 M−1 (correlation
coefficient, 0.97). It was further analyzed by fluorescence
spectral results.

The interaction of Narn with ctDNA on titration up to 8×
10−6 M was studied with steady-state fluorescence
spectroscopy (Fig. 14a). Narn showed weak fluorescence at
λemi 315 nm (excitation wavelength, 282 nm). Decrease in the
fluorescence intensity was noticed with no significant shift in
the emission maximum of Narn. The calculated quenching
constant between Narn and ctDNA was 4.70×104 M−1

(correlation coefficient, 0.99) (Fig. 14b) following Stern–
Volmer Eq. (3) (31).

The binding constant (Kb) and the number of bind-
ing sites n for the interaction between Narn and ctDNA
in the aqueous solution were determined from Fig. 14c.
The number of binding sites (n) calculated for Nar and
ctDNA was 1.52 (approximately 1.5). This showed the

1:1.5 stoichiometric interactions of Narn and ctDNA.
The binding constants Kb of Nar and with ctDNA was
1.89×107 M−1 (correlation coefficient, 0.98). This decrease
might be due to the existence of steric effect caused by
neohesperidoside moiety in Narn. Figure 15 shows the
docking model for the interaction between Narn and
DNA. The glide score observed was −6.48. The bond
lengths observed for the interaction between DNA and
Narn is given in Table I.

The Influence of β-CD on Nar–ctDNA Binding

The titration of Nar–β-CD with DNA, by the addi-
tion of ctDNA from 0 to 4×10−5 M concentration,
resulted in the shift of the absorption maximum from
287 to 272 nm (Fig. 16). The formation of isosbestic
point at ∼310 nm denotes the formation of new species
on Nar–β-CD with the addition of ctDNA. Based on the
variation of absorbance, the binding constant was
obtained as 9.10×104 M−1 (correlation coefficient, 0.99)
(inset of Fig. 16).

The titration of Nar–β-CD solution against ctDNA
resulted in quenching of fluorescence without significant shift
of emission wavelength maximum of Nar–β-CD found at λemi

323 nm in aqueous solution (Fig. 17a). The quenching con-
stant Ksv calculated for the interaction of Nar and ctDNA in
β-CD solution was 1.12×105 M−1 (correlation coefficient,
0.98) (Fig. 17b). This value is in accordance with the Ksv of
Nar–ctDNA in aqueous solution. No significant change was
observed in Ksv for Nar–ctDNA in the presence of β-CD. This
show that the inclusion complexation occurred between Nar
and β-CD does not disturb on the interaction with ctDNA.
This observation shows the interaction of inclusion complex of
Nar by including a portion of Nar thereby allowing the free
interaction of the other free exposed moiety with ctDNA. On
other hand, it can be explained in detail as follows. From the
inclusion studies of Nar and β-CD, it can be seen that the
phenolic and dihydrochromene prefers to interact with beta
CD thereby forming 1:2 complexation. Fluorescence
quenching phenomenon was observed for Nar and ctDNA
binding. It can be seen that dihydrochromene prefers to bind
with DNA. Similarly, fluorescence quenching phenomenon

Fig. 15. Docking poses of naringin with DNA. a Hydrogen interaction. b Phobic interaction. c Electrostatic
interaction

Table I. The Interactions and Bond Length Observed for the Binding
Between DNA and Narn by Docking Techniques

Nucleotide
DNA
strand

DNA
atom

Ligand
atom

Bond
length

T6 A O4 H 2.303
T6 A O2 H 2.087
A7 A O1P O 1.620
A7 B O4 O 1.921
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was observed for Nar–β-CD on the addition of ctDNA. This
shows the extraction of Nar preferably dihydrochromene
moiety from the cavity of beta CD for the binding with DNA.
Further evidence for this suggestion could be the binding
constant Kb and binding sites n viz., 2.51×105 M−1 and
1.07, respectively (correlation coefficient, 0.94) (Fig. 17c).
Two portions viz., phenolic and dihydrochromene moieties,
are proposed interacting with two DNA molecules
separately in the absence of β-CD solution. In the
presence of β-CD, the inclusion complex of Nar might
prefer to interact with DNA by interacting through one
of its moiety thereby reducing the original number of
binding sites from 2 to 1.

The Influence of β-CD on Narn–ctDNA Binding

The addition of ctDNA from 0 to 4×10−5 M to the
Narn–β-CD solution resulted in the shift of absorption

maximum from 283 to 272 nm (Fig. 18). The binding
constant K of Narn–ctDNA complex in the presence of
β-CD was 4.90×104 M−1 (correlation coefficient, 0.98)
according to Eq. (2).

The addition of ctDNA resulted in the fluorescence
quenching of Narn–β-CD complex without the consider-
able shift of emission maximum of Narn found at λemi

316 nm (Fig. 19). The calculated quenching constant Ksv

was 8.54×103 M−1 (correlation coefficient, 0.98). However,
the binding constant Kb and the number of sites n
determined were 5.88 M−1 and 0.32 (approximately 0.3)
(correlation coefficient, 0.95). The strong hydrogen
bonding interaction between β-CD and the moiety,
neohesperidoside of Narn, might have resulted in the
smaller quenching constant value of Narn–ctDNA in the
presence of β-CD comparing to Nar–ctDNA in the β-CD
solution. The binding site n also reduced to 0.3 for Narn–
ctDNA in presence of β-CD solution. This observation

Fig. 16. Absorption spectra of naringenin–β-CD complex in the presence of various con-
centrations of ctDNA. Inset: The plot of A0/As−A0 against 1/[DNA] for the interaction of
naringenin–β-CD complex in the presence of various concentrations of ctDNA

Fig. 17. a Fluorescence spectra of naringenin–β-CD complex in the presence of various concentrations ctDNA. b The plot of I0/I against [DNA]
for the interaction of naringenin–β-CD complex in the presence of various concentrations of ctDNA. c The plot of LogF0−F/F against LogQ for
the interaction of naringenin–β-CD complex in the presence of various concentrations of ctDNA
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was also different from the observed higher interaction of
Narn and ctDNA in aqueous solution. This might be due
to the extraction of the bound drug from DNA by
formation of inclusion complex with β-CD. The inclusion
complex formed between Narn and β-CD does not have
much preference to get interacted with ctDNA for the tri-
component complex formation.

CONCLUSION

Nar and Narn form 1:2 stoichiometric inclusion com-
plexes with β-CD. The binding sites n was determined as
2 and 1 for the binding of Nar with ctDNA in aqueous
solution and β-CD medium. The binding sites n was de-
termined as 1.5 and 0.3 for the binding of Narn with

ctDNA in aqueous solution and β-CD medium. Narn
shows less significant interaction (n00.3) with ctDNA in
β-CD solution. This might be due to the extraction of the
bound drug from DNA by formation of inclusion complex
with β-CD. The neohesperidoside moiety present in Narn
is involved with the stronger hydrogen bonding interaction
with β-CD thereby preventing the availability of Narn to
ctDNA. The binding constant (Kb05.88 M−1) for the
interaction of Narn–β-CD with ctDNA is not significant,
which shows that the inclusion complex of Narn does not
have much preference for the interaction with DNA than
that of Nar. The binding study of Nar and Narn in
aqueous and Beta CD solution may act as ground work
for the clinical use since the metabolism of naringin into
naringenin is a key factor in humans.

Fig. 18. Absorption spectra of naringin–β-CD complex in the presence of various concen-
trations of ctDNA. Inset: The plot of A0/As−A0 against 1/[DNA] for the interaction of
naringin–β-CD complex in the presence of various concentrations of ctDNA

Fig. 19. a Fluorescence spectra of naringin–β-CD complex in the presence of various concentrations ctDNA. b The plot of I0/I against [DNA] for
the interaction of naringin–β-CD complex in the presence of various concentrations of ctDNA. c The plot of LogF0−F/F against LogQ for the
interaction of naringin–β-CD complex in the presence of various concentrations of ctDNA
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