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The mounting cost of developing new chemical entities
(NCEs) is clogging the system of drug development by
shrinking the pipeline of new drugs. Consequently, research
on plant extract or fraction are increased and also showed the
efficacy almost comparable to that of synthetic counterpart.
Therefore, for the diseases where current drugs are either lit-
tle efficacious or are ineffective, plant extract may be alterna-
tive to NCEs. The rapid propagation of antimicrobial drug
resistance has propelled the investigators to use plant as a re-
liable source for discovery of active antimicrobial agents. Es-
sential oils and their components exhibit myriad medicinal
properties including antimicrobial (antibacterial and antifun-
gal), analgesic and antioxidant activity.1—3) Antimicrobial
properties of the essential oils have been recognized and used
since ancient times for food preservation as well as for me-
dicinal purpose because of their antimicrobial and antifungal
effects. The antifungal effect of essential oils (EO) has been
noted in several studies.4,5) Specific anticandidal activity of
some essential oil is also well established.6—8) The antifungal
activity of EO, have been due to its phenolic components.9)

Eugenol a phenolic major component of clove oil is inter-
esting molecule due to its wide spectrum of activities such as
analgesic, anti-inflammatory, antibacterial, antifungal, antivi-
ral and antihypertensive. Surprisingly, eugenol apart from
this peripheral action also acts at central level and can be
useful in stress, anxiety and depressive disorders, as well as it
has antipyretic activity.10—12) Antifungal activity of Eugenol
(a phenolic constituent of clove oil) was investigated by
using an experimental model of oral and vaginal candidiasis
in immunosuppressed rats.13) Eugenol is also widely used as

analgesic in dentistry. Analgesic activity of Eugenol can be
attributed to its ion channel blocking properties. Further-
more, Eugenol has been reported to inhibit nitric oxide (NO)
production in lipopolysaccharide (LPS) stimulated RAW
164.7 cell lines and to block the release of interleukin 
1-b , tumor necrosis factor a and prostaglandin E2 from LPS
stimulated macrophages showing its ability to act as an anti-
inflammatory agent.14,15) Eugenol in dose of 5 mg/kg has 
been shown to reduce tongue edema in mice induced by 
Dieffenbachia picta, a wild African plant.16)

However, some limitations are associated with Eugenol
such as low solubility, degradation, irritation property to-
wards the mucosa and pungent taste which make unsuitable
to use as such. It is well established that cyclodextrin inclu-
sion complexes can eliminate the unwanted effects such as ir-
ritating effect (or toxicity) to the cornea, mucosa or skin. Hy-
droxypropyl-b-cyclodextrin (Hp-b-CD) is the highly hy-
drophilic cyclodextrin and reported to reduce the skin toxic-
ity. The natural cyclodextrin, b-CD, is restricted in its phar-
maceutical applications due to its limited aqueous solubility
(1.85 g/100 ml). Therefore, chemically modified b-CDs are
used to overcome this problem. Among b-CD derivatives,
only Hp-b-CD has pharmacopoeial monographs in current
European Pharmacopeia and British Pharmacopeia.17) There-
fore, HP-b-CD is selected to prepare the inclusion complex
of eugenol. Moreover, improved solubility due to highly 
hydrophilic cyclodextrin i.e. Hp-b-CD is associated with 
enhanced bioavailability for the topical formulations.18,19)

The increase in bioavailability is mainly due to higher con-
centration at the site of administration, caused rather by
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higher aqueous solubility and thus improved availability onto
the tissue surface.20,21)

Therefore, the objective of present investigation is to im-
prove the solubility of Eugenol by preparing the inclusion
complex of Eugenol with Hp-b-CD and characterize the pre-
pared complex by using NMR and differential pulse voltam-
metry (DPV). Phase solubility study was performed to deter-
mine the moles of Hp-b-CD required for a mole of Eugenol.
In the study, inclusion complex was prepared by lyophiliza-
tion method and characterized by using Fourier transform-
infra red (FT-IR), 1H-NMR and differential pulse voltamme-
try (DPV) technique. FT-IR study indicates the formation of
complex but 1H-NMR study relates to the functional group
involved in the complexation. The chemical shift values in
1H-NMR also indicate about the mechanism of complexa-
tion. Study of electrochemical behavior of Eugenol after for-
mation of inclusion complex is very important as oxidant ef-
fect of Eugenol is responsible for most of the medicinal
properties of Eugenol such as anti-microbial activity.2)

Cyclodextrin complexation could result in loss of pharmaco-
logical activity of compound.22) Therefore, in the present
work electrochemical behaviour of Eugenol was determined
by using DPV. Differential pulse voltammetry is an excellent
electroanalytical technique to evaluate the antioxidant power
of drug molecules or natural compounds due to their quick-
ness, simplicity and low cost.23) Thus, this technique can pro-
vide more insight into the availability of drug molecules for
the redox reactions (oxidation-reduction) after preparing of
inclusion complex which in turns also provide valuable infor-
mation regarding its pharmacological activity.24,25) In-vitro
release studies of the inclusion complexes were also carried
out.

Experimental
Materials Eugenol and Hp-b-CD is kindly donated by Prime Dental

Pvt. Ltd., Mumbai and ISP (Hong-Kong Ltd.), Hyderabad, respectively. A
dialysis bag with a 12000 molecular weight cutoff was purchased from
Sigma-Aldrich Chemicals Private Ltd. (Bangalore). All other chemicals are
of analytical grade.

Phase Solubility Study Phase solubility study was carried out accord-
ing to Higuchi and Connors.26) An excess amount of Eugenol was added to
5 ml of water containing different concentration of Hp-b-CD (0—40 mM).
The suspensions were shaken in 10 ml screw capped vials under magnetic
stirring for 48 h at 25 °C. The content of each vial was centrifuged (C-24,
Remi Instruments) at 5000 rpm to separate insoluble oil and filtered through
a syringe filter (pore size 0.45 mm). The filtered solution was analyzed by
UV spectrophotometer (Hitachi UV-Spectrophotometer). All data were the
average of at least three determinations.

The apparent stability constant was determined from the slope of the lin-
ear portion of the phase solubility diagram according to Eq. 126):

K�slope/S0(1�slope) (1)

where S0 is the aqueous solubility of Eugenol or intercept of plot.
Preparation of Inclusion Complexes The inclusion complexes were

prepared at 1 : 1 molar ratio of Eugenol to Hp-b-CD. Typically, 1.38 g (1 mM)
of Hp-b-CD was dissolved in 50 ml water to which 150 mg of Eugenol
(1 mM) was added and stirred for 24 h. Any undissolved amount of drug was
separated by filtration after that the solution was lyophilized (Decibel Instru-
ments) at �40 °C to obtain lyophilized complex.

Fourier Transform-Infra Red (FT-IR) Spectroscopy FT-IR spectra
were obtained on a FT-IR spectrometer (Series 8000, Shimadzu, Japan) by
the conventional KBr pellet method. The samples were ground gently with
anhydrous KBr and compressed to form pellet. The scanning range was
400—4000 cm�1 and the resolution was 4 cm�1.

Nuclear Magnetic Resonances 1H-Nuclear magnetic resonance (1H-
NMR) spectra were obtained on JEOL AL300 FT-NMR spectrometer at
300 MHz at 293 K, using dimethyl sulfoxide (DMSO) as solvent and tetra

methylsilane (TMS) a internal reference. 2D-NMR rotating frame Over-
hauser enhancement spectroscopy (ROESY) experiments were carried out in
D2O.

Differential Pulse Voltammetry Differential pulse voltammetry (DPV)
experiments were carried out using a potentiostat/galvanostat model CHI
7041C (CH Instruments Inc., U.S.A.) attached to a computer with proper
software for total control of the experiments, data acquisition and treatment.
An electrochemical cell with platinum disc as working electrode, a platinum
gauge as counter electrode, and an Ag/AgCl as reference electrode was used
for the measurements.

In-Vitro Release Study In-vitro release studies were performed by
using Franz diffusion cell. Inclusion complex of eugenol with Hp-b-CD was
incorporated in 1% w/v carbopol gel. Gel (1 g) equivalent to 2 mg of
eugenol was placed on dialysis membrane which acts as donor chamber.
Phosphate buffer (pH 6.8) containing 40% v/v PG was taken as dissolution
media in receiver chamber. Then dissolution studies were carried out for
12 h at 37 °C under magnetic stirring. Samples were withdrawal at predeter-
mined time interval and equal amount of fresh dissolution media was placed
in receiver chamber. Samples were diluted and analyzed by using spec-
trophotometer at 281 nm. In vitro release studies were performed in tripli-
cate. Time to release 40% of eugenol from gel (T40%) was calculated by
using graphical method to compare the results.

Results and Discussion
Phase Solubility Study Phase solubility graph was plot-

ted between the concentration of Hp-b-CD and soluble
amount of eugenol at that concentration of Hp-b-CD. The in-
crease in eugenol solubility occurred as a linear function of
Hp-b-CD concentration in range of 0—40 mM (Fig. 1), cor-
responding to the AL-type profile defined by Higuchi and
Connors.26) This relationship suggests a first order kinetics
on the complex formation between Eugenol and Hp-b-CD.
Therefore, Eugenol and Hp-b-CD were taken in equimolar
amount during preparation of complex. The value of appar-
ent stability constant (K) was found to be 1206.4 M

�1. The
value of apparent stability constant (K) within the range of
200—5000 M

�1 is considered adequate to improve the
bioavailability of poorly soluble drugs.27)

Fourier Transform-Infra Red (FT-IR) Spectroscopy
FT-IR spectroscopy allowed the analysis of changes in the
spectral features of the guest molecule with respect to those
of the host oligosaccharide (Hp-b-CD). FT-IR spectra of
eugenol, Hp-b-CD, and prepared inclusion complexes of
eugenol with Hp-b-CD are shown in Fig. 2. The Eugenol
spectrum exhibited the peak in the 3300—3600 cm�1 wave
number regions. It indicates the presence of –OH stretching
(Fig. 2a). Absorption peak in the region of 1600—1680 cm�1
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Fig. 1. Phase Solubility Diagram of Eugenol in Presence of Hydroxy-
propyl-b-Cyclodextrin in Phosphate Buffer (pH 6.8) at 25 °C



can be assigned to alkene C�C and aromatic ring present in
eugenol.28) The spectrum within the range 1200—1020 cm�1

can be attributed to the presence of the C–O stretching band
present in hydroxypropyl-b-cyclodextrin. The hydroxy-

propyl-b-cyclodextrin spectrum indicated –OH group of the
Hp-b-CD in the range of 3200—3600 cm�1 wave number re-
gions (Fig. 3b). FT-IR spectra of prepared inclusion complex
showed the broad peak in 3200—3600 cm�1 and 1200—
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Fig. 2. FT-IR Spectra of (a) Eugenol, (b) Hydroxypropyl-b-Cyclodextrin, (c) Inclusion Complex of Eugenol and Hydroxypropyl-b-Cyclodextrin



1020 cm�1 wave number region indicating the possibility of
hydrogen bonding of phenolic –OH group of Eugenol with
C–O bond of hydroxypropyl-b-cyclodextrin (Fig. 3c). The
broadening and reduction of peak intensity confirms the 
formation of inclusion complexation by lyophilization
method.29) Further, 1H-NMR technique could be helpful to
elucidate the mechanism of complexation.

Nuclear Magnetic Resonances (NMR) Spectroscopy
1H-NMR technique has been used as important tool for in-
vestigating the group involved in interaction and mechanism
of complexation. Eugenol, Hp-b-CD and inclusion complex
of eugenol and Hp-b-CD in 1 : 1 molar ratio were analyzed
for 1H-NMR (Figs. 4a—c). The absence of new peak in the
spectra of inclusion complex suggested that the inclusion
complexation of eugenol with Hp-b-CD is a fast exchange
process. The spectra revealed that under the present condi-
tion only changes in chemical shift occurred (shown by
arrow in Fig. 4c). Only 1H-chemical shift changes of eugenol
protons resonance were analyzed in the 1H-NMR studies of
the interaction between eugenol and Hp-b-CD. As the indi-
vidual Hp-b-CD protons, especially H-3 and H-5 could not
be assigned to resonance signals.30,31) The molecular struc-
ture of eugenol with labeling of protons (denoted as a—g) is
shown in Fig. 4d and corresponding chemical shift values of
each proton are enlisted in Table 1.

The effect of Hp-b-CD on the chemical shift of Eugenol
protons is also presented in Table 1. The effect of Hp-b-CD
on the 1H-NMR chemical shifts of eugenol are split into two
groups, one shifted upfield and the other downfield. A down-
field displacement of the drug protons indicate that they are
close to an electronegative atom, oxygen.32) An upfield shift
displacement is probably due to a variation in local polarity
when the protons are inside the cavity of Hp-b-CD and indi-
cates weaker interaction with hydrogen atoms (shielding ef-
fect due to van der Waals forces between the drug and carbo-

hydrate chains.33—35) The proton of phenol moiety (Hd) expe-
rienced a pronounced chemical shift variation. The positive
sign of the variation for proton ‘d’ indicates that it is located
near to an oxygen atom in the Hp-b-CD cavity and its mag-
nitude showed a strong interaction between d (Hd) proton and
Hp-b-CD (Table 1). Thus, 1H-NMR results indicated that
phenolic ring of Eugenol goes inside the Hp-b-CD cavity.
Results of FT-IR can be well correlated with the results of
1H-NMR.

2D-NMR ROESY (two dimensional) spectroscopy was
performed for Eugenol-Hp-b-CD prepared complex to evalu-
ate and confirm the mode of complexation and spatial
arrangement between host and guest atoms obtained from
1H-NMR studies. Cross peaks in 2D-NMR ROESY spectrum
(Fig. 5) of Eugenol-Hp-b-CD inclusion complex showed the
intermolecular nuclear Overhauser effect (NOE) between
phenolic proton ‘d’ and H atoms of Hp-b-CD.36) Thus, 2D-
NMR confirmed the results obtained with 1H-NMR which
also suggested the interaction of phenolic group of Eugenol
with hydrogen atom of Hp-b-CD.

Differential Pulse Voltammetry (DPV) The electro-
chemical behavior of non-encapsulated and encapsulated
eugenol in hydroxypropyl-b-cyclodextrin (pH 6.8) on gold
electrode in phosphate buffer pH 6.8 solution was deter-
mined. The electrochemical behavior of phosphate buffer pH
6.8 alone and polymeric (cyclodextrin) solution was studied
which indicates absence of anodic peak (Fig. 6a). A well de-
fined anodic peak current corresponding to oxidation of
eugenol in non-encapsulated and Hp-b-CD-Eugenol inclu-
sion complex in phosphate buffer (pH �6.8) was obtained at
about 0.35 V and 0.40 V, respectively (Figs. 6b—c). The an-
odic oxidation peak was shifted to the slightly positive side
and peak current was decreased in presence of Hp-b-CD.
Bard et al. reported that positive peak potential shift of com-
plex indicated the binding via hydrophobic interactions.37)

The decrease of current intensity also indicated the smaller
diffusion coefficient of the bulk cyclodextrin complex as
compared to that of free guest. Thus, DPV study showed that
complexation of eugenol with Hp-b-CD occurs via hy-
drophobic interactions and also demonstrated that Eugenol
molecules were electrochemically active after formation of
inclusion complex with Hp-b-CD.

In-Vitro Release Study In-vitro release profile of car-
bopol gel (1%) containing inclusion complex of Eugenol
with Hp-b-CD and free Eugenol (not complexed) was plotted
(Fig. 7). As Eugenol is poorly soluble in water, it is difficult
to disperse in the gel. Inclusion complex of Eugenol with
Hp-b-CD improves the solubility in water and retard the dif-
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Fig. 3. FT-IR Spectra of (a) Eugenol, (b) Hp-b-CD, (c) Complex of
Eugenol and Hp-b-CD in Range of 3600—3200 and 1200—1000 cm�1

Table 1. 1H-Chemical Shift Corresponding to Eugenol in the Presence and
Absence of Hp-b-CD

Eugenol proton d (free) d (complex) Dd

Ha 3.305 3.404 0.099
Hb 3.871 3.725 �0.146
Hc 5.034 5.01 �0.024
Hd 5.470 5.712 0.242
He 5.902 5.87 �0.032
Hf 6.683 6.688 0.005
Hg 6.824 6.708 �0.116
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Fig. 4. 1H-NMR Spectra of (a) Eugenol, (b) Hydroxypropyl-b-Cyclodextrin, (c) Inclusion Complex of Eugenol and Hydroxypropyl-b-Cyclodextrin, (d)
Molecular Structure of the Eugenol with Labeling of Protons



fusion of Eugenol over the hydrated swollen polymer of
gel.38) Only free drug can permeate through membrane and
thus, inclusion complex present in gel acts as reservoir of
free drug. Thus, the difference in the dissolution profile is
due to the inclusion complex formation. T40% of gel contain-
ing inclusion complex of Eugenol with Hp-b-CD and free
Eugenol was found to be 4.4 h and 0.6 h, respectively. T40%

clearly indicated that Gel containing inclusion complex
showed slower and sustained release of Eugenol through
dialysis membrane as compared to the gel containing free
Eugenol.

Conclusion
The results of study suggested that inclusion complex of

Eugenol with Hp-b-CD can be successfully prepared by
lyophilization method. The present study also indicated that
1H-NMR, 2D-NMR and DPV techniques can be used as
valuable tools to determine the mechanism of complexation
and state of electrochemical behavior of drug in inclusion
complex, respectively. The oxidant power of Eugenol was re-
tained in complex form as indicated by DPV results. Thus,
its oxidation dependent pharmacological property such as an-
timicrobial activity is not affected after complexation with
Hp-b-CD. Thus, DPV can be employed to determine the oxi-
dant potential of other antioxidants as well and obviate the
need to reassess their pharmacological activity after forma-
tion of complexes. DPV is a quick, simple and inexpensive
method as compared to other chemical and biochemical
methods to determine the oxidant potential.
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