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Abstract: Cyclodextrins (CDs) have a hollow bucket like conformations with hydrophobic interior and
hydrophilic outer surfaces. These structures are well known in macro-molecular chemistry for their unique
ability to form inclusion complexes with different organic molecules. These host-guest complexes were
presented in papers for decades for improving solubility, permeability, stability and masking toxic effects of
drugs. In the present study, we have designed the nanoparticles of BCD and HPBCD, using Pluronic F108 as co-
surfactants for improvement in drug delivery using herbal hydrophobic drug curcumin as a model. And
formulated nanosystems evaluated for average particle sizing, polydispersity index, zeta potential, ATR-FTIR,
per cent encapsulation efficiency, in-vitro permeation and drug solubility. Both the systems produced colloidal
solutions of particles size below 384.2nm with polydispersity index below 0.682, the zeta potential of -58.5 and
-8.81, per cent encapsulation efficiency up to 13.5% and an increase in permeation and solubility up to 10 and 7
folds. Observed results of the present studies suggest that biocompatible, non-toxic nanosystems can be
developed with different cyclodextrins to improve drug delivery.
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Introduction shaped with a hydrophobic inner cavity and

Cyclodextrins, oligosaccharides are the group
of structurally identical natural compounds
(@-1-4)  linked o-D
glucopyranose units. These are also named

comprised of
cyclomaltoses, cycloamylose and Schrodinger
dextrins. Three different parent cyclodextrins
are based on several glucopyranose units
named; a, B and y cyclodextrin. a-cyclodextrin
is composed of 6, p of 7 and y of 8
glucopyranose units. The digestion of starch
these by the

produces enzyme

cyclomaltodextrin glucanotransferase.

Molecules of cyclodextrins are doughnut-
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hydrophilic outer surface.

Due to the unigue shape and structure of
cyclodextrin molecules, they tend to trap the
molecule of a guest compound inside its cavity
as a container; this brings about the formation
of inclusion complexes. These types of
inclusion complexes studied well for long
times in pharmaceutical aids for improving the
aqueous solubility, rate and extent of
permeability, improving stability and masking
the taste and odour of the guest molecule.

As cyclodextrin molecules have good aqueous

solubility, they produced the true solution in
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water. Recently it has been discovered that

cyclodextrins also have self-assembling
properties by which, on the addition of them
into the water in an amount more significant
than the solubility, cyclodextrin molecules
start self-assemble and produce nano-
aggregates and then large aggregates.

In the present paper, we have highlighted the
production of nanoaggregates of host-guest
inclusion complexes. Two systems are
produced, one composed of the parent B-
cyclodextrin and the other one consists of
HPPCD,

curcumin as a model

derivatized using  hydrophobic
drug. Formulation
evaluated for improvement in the delivery of

curcumin.

Material and Methods

Curcumin is obtained from TCI Chemicals
(India) Pvt. Ltd., Sodium Dodecyl Sulphate
(SDS) and Hydroxypropyl-
(HPBCD) from Central Drug House (P) Ltd. p-
(BCD) HiMedia
Laboratories and Pluronic F108 from Sigma
Aldrich, India.

B-cyclodextrin

cyclodextrin from

Methodology
Standard curve preparation
The

developed by preparing a series of standard

standard curve of curcumin was

solutions of drug  concentration  of
1,2,3,4,5,6,7,8,9,10 mg/mL in methanol. Amax

was analyzed by scanning a 200 to 1100nm

solution using El UV/Visible
Spectrophotometer 2375. The curve was
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plotted between the concentration of Drug in
solution and absorbance at 424nm.
Preparation of nanoparticles

Direct preparation method with f-
cyclodextrin: Accurately weighed Drug, B-
cyclodextrin and SDS (sodium dodecyl
ratios of 1:10:5

dissolved in 100mL of distilled water with

sulphate) in the molar
constant stirring. The isotropic solution was
produced by heating it and concentrated to 5%
w/v. The solution was then incubated for 24
hours at room temperature for self-assembly of
BCD/SDS nanoparticles. Produced samples are
then stored at 4°C for further studies (Li et al.,
2016).

Dilution method with HPBCD:

preparation of

In the

nanoparticles, Drug and
Pluronic F108 were accurately weighed in the
molar ratio of 1:2 and dissolved in 50mL of
distilled water with constant stirring. HPBCD
equivalent to 4 times in molar ratios was
dissolved in 30mL of distilled water. Then
prepared transparent solution of HPBCD was
slowly added into a Drug/pluronic solution
with constant stirring and heating. Produced
solutions were then cooled overnight. Samples
were stored in refrigerated conditions for

further studies (Perry et al., 2011).

Characterization of Nanoparticles

Sizing and PDI measurement: At room
temperature, particle size and polydispersity
index of samples were measured with the
angle of detection at 90° by the use of photon
correlation size

spectroscopy or particle
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analyzer by Zetasizer Nano ZS90 (Malvern
Panalytical Ltd., Malvern, UK.)) (Rizvi and

Saleh, 2018).
Zeta potential: Zeta cuvettes were filled with
samples, and the surface charge was

determined at 25°C by Zetasizer (Gaikwad et
al., 2019).
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Solubility: All the nanoparticles dispersed
samples were diluted with distilled water and
analyzed for drug concentration by UV-
Visible spectrophotometer (Viswanathan et al.,
2017).

Table 1. Composition table of curcumin loaded nanoparticles of 3-CD and HPB-CD

] Curcumin p-CD HPB-CD SDS Pluronic
Formulation
(mM) (mM) (mM) (mM)  F108 (mM)
F1 1 10 - 5 -
F2 1 - 10 - 2

Percent encapsulation efficiency: All the
samples were centrifuged at 10000 rpm at
room temperature for 120 mins. to settle the

nanoparticles. Supernatant was analyzed for

Encapsulation Efficiency (%) =

Initial Concentration — Final Concentration y

drug concentration and values placed in the
equation given below (Krauland and Alonso,
2007; Shahsavari et al., 2014).

100

ATR-FTIR spectroscopy: A small sample
was directly placed over diamond ATR
element attached to Agilent technologies

Cary 630 FTIR and graph was plotted from

650 to 4000cm? (Lopez-Lorente and
Mizaikoff, 2016).
Permeation studies: In-vitro permeation

studies were performed by using Franz
diffusion cell. A drug solution was taken in the
donor compartment and receptor compartment
filled with a phosphate buffer solution of pH
7.4.

between the receptor and donor compartment.

Cellophane membrane was placed

Magnetic bead dropped down in receptor
compartment and placed over magnetic stirrer.
37°C is

Pre-heated distilled water at
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Final Concentration

continuously injected into the receptor

compartment  jacket to maintain the
temperature. Samples were taken out and
replaced with PBS at a definite interval of time
for 8 hours. All the samples were then
analyzed for drug content with a UV-Visible
spectrophotometer (Friend, 1992; Liu et al.,

2015).

Results and Discussion

Sizing and PDI measurement: Particle size
of formulation F1 and F2 was determined as
384.2 and 283.7nm (Figure 1. (A)). The
release of Drug and solubility of nanoparticles

majorly depends on the size of particles.
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Smaller particles have higher drug release and
more solubility. (Bhatia, 2016).

The polydispersity index of nanoparticles
expresses the size uniformity in nanoparticles.
Polydispersity index for formulation F1 and F2
was found to be 0.682 and 0.566 (Figure 1.
(A)). As F2 showed the smaller polydispersity
index, indicating that a large number of
particles was in the same size range (Jain et
al., 2018).

Zeta Potential: The surface charge over the

particles present in formulations F1 and F2

was found to be -8.81 and -58.5mV (Figure 1.
(A)). Zeta

proportional to the stability of nanoparticles as

potential value is directly
the rate of agglomeration of particles is

dependent on surface charge.  Since
formulation F2 had a higher zeta potential
value, therefore this formulation could be
more stable than F1 (“Evaluation Methods for
Properties of Nanostructured Body,” 2018;

Gaikwad et al., 2019).
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Figure 1 (A): Comparative in-vitro permeation study plot for free drug and

formulations, (B): DLS data of formulations

Solubility: Aqueous solubility of curcumin
was enhanced by 7 and 6.3 folds in
formulation F1 and F2. Aqueous solubility of
Drug is increased because of the formation of
drug-cyclodextrin inclusion complexes. The
presence of smaller particles and more soluble
HPBCD in formulation F1 showed higher
solubility than formulation F2 (Incecayir,
2015; Saokham et al., 2018).

The
encapsulation efficiency of formulation F1 and
F2 was found to be 0.934 and 13.574%.

cent

Encapsulation  Efficiency: percent

Formulation F2 had greater per
encapsulation efficiency, which may be due to
the inclusion complexation of Drug with

HPBCD. (Shahsavari et al., 2014).
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ATR-FTIR Spectroscopy: ATR-FTIR
spectrum of all the samples and excipients
suggests the formation of host-guest inclusion
complexes (“IR Spectrum Table & Chart,”
n.d.; Lopez-Lorente and Mizaikoff, 2016).

Permeation studies: In-vitro permeation of
Drug improved by 6 and 10 folds for
formulations F1 and F2 compared to free Drug
as shown in Figure 1. (B). Drug permeation in
formulations is enhanced due to smaller
particle size and improved solubility by
cyclodextrin complexation (Creasey et al.,

1978; Martinez and Amidon, 2002).

Table 2. Solubility comparison of

formulations with pure Drug

Formulations Solubility
(mg/mL)
Curcumin 0.003
F1 0.021
F2 0.019
Conclusion

Both parent and derivatized cyclodextrin

complexes have been reported to produce

biocompatible  nano  systems.  These
nanoaggregates have also been reported to
facilitate  the  effectiveness of  low
bioavailability ~ herbal  components by

increasing drug solubility, permeation, and
minimizing particle size, among other things.
Co-surfactants can also change the size of
nanoaggregates, their surface charge, and their
solubility profile. Because cyclodextrins are
cheap and readily available, non-toxic, and
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have been investigated for a long time, these
biodegradable nano systems give ample future

research space.
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