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Chemotherapy induced nausea and vomiting (CINV) and post-operative nausea and vomiting
(PONV) is a problem, often occurs in patient. Inspite of high bioavailability, the demerits such
as: hepatic first pass metabolism and invasive nature of oral and parenteral dosage forms can be
avoided with anti-emetic therapy of transdermal device. The major objective of the present study
is to modify the hydrochloride (HCI) form of Ondansetron (OND) to the base form followed by
improvement of solubility and permeability of OND by employing solid dispersion (SD) loaded
patches. Preformulation study, as observed, begins with an approach to enthuse solubility of
OND by SD technique choosing different carriers. The choice of carriers was rationalized by
phase solubility study. Several combinations of transdermal films were prepared with pure drug,
carriers and SDs with plasticizer Ka values of OND-HPBCD binary system were found lower
(54.43 to 187.57 M) than that of OND-PVP K-30 binary system (1156.77 to 12203.6 M™"). The
drug content of SDs and patches were found satisfactory. Better permeation rate (236.48+3.66
ng/3.935 cm?) with promising flux enhancement (8.30 fold) was found with DBP loaded SD
patch (P6*). Hence, enhancement of solubility and permeability of P6* ensures that it can

successfully enhance the bioavailability.
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INTRODUCTION

Transdermal Drug Delivery (TDD) is undoubtedly
an eloquent well-renowned dosage system developed as
a drug laden gel or film that delivers the drug into the
skin to reach systemic circulation by active or passive
diffusion/permeation. Transdermal patches govern the
transportation of drugs at a controlled manner by exerting
a proper hydrophilic-lipophilic polymer mixture (Chien,
1987; Mukherjee et al., 2005; Walters, 1999). The drug
may either be loaded in matrix of a polymeric film or
accumulated in a reservoir that requires porous release
membrane (Ghanghoria et al., 2013).

As because stratum corneum is a biological hindrance
towards entry of molecules form the outer environment,
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requisite drug molecules require verification on
characteristics of drug and skin in times of preformulation
study (Alany, 2017). In order to overcome the constraint of
barrier mechanism to some extent, permeation enhancer
requires to be incorporated. To avoid the brittleness of the
film and to improve the smoothness of patch, addition of
plasticizer is necessary (Loftsson, Masson, 2001).
Transdermal Drug Delivery System (TDDS) is a
covenant route for drug delivery, generally applied in the
treatment of local skin disorders such as: acne and several
types of wounds (Guy, Green, Kealey, 1996; Ravikumar
et al., 2017). Apart from these, various other diseases
are treated by transdermal route such as- Parkinson’s
disorder, Alzheimer’s disease, motion sickness, hormone
replacement therapy etc. It is to be mentioned that TDDS
had its development in 1970 and the first transdermal
patch of scopolamine had got its approval from United
States Food and Drug Administration (USFDA) in 1979
for the treatment of motion sickness (Alany, 2017; Ahad
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et al., 2015). Afterwards nitroglycerine patch was made
available in the market for the management of Angina
pectoris (Ahad et al., 2010).

Ondansetron (OND), a selective 5-hydroxytryptamine
(serotonin) receptor antagonist, is generally used in the
prophylaxis of nausea and vomiting. Patients experiencing
chemotherapy/radiotherapy usually encounters emesis
(Khan et al., 2007). It is absorbed effectively and can
produce hepatic first-pass metabolism (Hassan et al.,
2009). Approximately 59% OND is bioavailable when
administered by an oral route (Salem, Lopez, Galan,
2001). For transdermal route OND is consider as a good
candidate because of its low molecular mass (293.36 g/
mol), low dose efficacy and satisfactory log P (1.8-2.56)
value (Prausnitz, Langer, 2008, Subedi et al., 2010).

It is highly expedient and necessary also to develop
a transdermal formulation in order for overcoming CINV
and to make anti-emetic therapy an effective approach.
For enhancement of permeation rate of the drug, some
alterations to this respect are of course, necessary. The
first step that is to be adopted is to use OND (base form)
and the second one is to prepare solid dispersions (SDs)
with it to quicken the solubility of the drug. Amongst
many formulation approaches (Wu et al., 2012) one that
has been most successfully utilized is SD technique
because it helps to increase solubility of poorly aqueous
soluble drugs and also because it is easier to develop
as it is cost effective. Innumerable methods have so far
been adopted to prepare amorphous SDs, e.g. solvent
evaporation, spray drying, kneading, freeze drying, hot-
melt extrusion (Kalimuthu, Khanam, 2014).

The application of SDs in many research in
transdermal devices, gels, micro-emulsions, was reported
earlier (Palem et al., 2013; Jana et al., 2014; Desai, 2004).
The development of SDs by kneading technique with PVP
K-30 and HPBCD to augment the solubility as well as
dissolution rate with respect to celecoxib was established
by Soliman and his co-workers. What they observed was
that the kneaded SDs, after assimilation with o/w cream,
enhanced the permeation rate to rabbit skin higher than
that of pure celecoxib (Soliman et al., 2011).

The purpose of the present study is to develop SD by
using two different carriers like HPBCD and PVP K-30
and incorporation of prepared SD into transdermal device
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for the enhancement of dissolution rate, permeability as
well as bioavailability (Di, Kerns, 2016). The objectives
of the proposed work can be summarized as follows: a)
Modification of OND from HCl to base form, b) To ensure
the complexation ability of drug and carrier by phase
solubility study c) Preparation of SDs and ascertainment
of solubility of the drug, c) To perform in-vitro release and
ex-vivo permeation studies of pure and SD loaded patches
d) To characterize SDs and optimized patch. It is to be
noted that these steps in the development of transdermal
device with SD have not been reported as yet.

MATERIAL AND METHODS
Material

Polyvinyl pyrrolidone (PVP K-30), Hydroxypropyl
beta cyclodextrin (HPBCD) were purchased from Loba
Chemie, Mumbai and Tokyo Chemical Industry Co.
Ltd. Tokyo, Japan respectively. Ethyl cellulose (EC)
was obtained from Sigma Aldrich Chemicals and
Hydroxypropyl methyl cellulose E-15 (HPMC) was
produced from Colorcon Asia Pvt. Ltd. Goa, India.
Dibuytl phthalate (DBP) and polyethylene glycol 4000
(PEG) were procured from Merck specialities Pvt. Ltd.
Mumbai, India. Ondansetron hydrochloride (OND HCI)
and chloroform were obtained from Yarrow Chem.
India. Release liner (Fluoropolymer 1022), adhesive
(CoTran9697 non-woven polyurethane tape) and backing
layer (SCOTCHPAK 9733) were procured from 3M Drug
Delivery U.S.A. Cellophane membrane was procured
from Sigma Aldrich Pvt. Ltd. All the chemicals used in
this work are of analytical grade.

Methods

Modification of Ondansetron hydrochloride (OND HCI) to
base (OND) form

Known quantity (0.175 gm) of OND HCI was
weighed and dispersed uniformly with required volume
double distilled water (DDW). Sodium hydroxide solution
(1 M NaOH) was then added to the drug solution to make
it alkaline. Precipitate occurred during the addition of 1 M
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NaOH is filtered through Whatman filter paper (150 mm
pore size). The precipitate was allowed to wash repeatedly
to eliminate excess amount NaOH and dry in a hot air oven
at 50°C. The precipitate was allowed to wash repeatedly
to eliminate excess amount NaOH. The washed solution
was further treated with 1 M NaOH to check the presence
of excess amount of NaOH in precipitate. The presence
of excess amount of NaOH was confirmed if the washed
solution forms turbidity after treatment of 1 M NaOH.
The precipitate was rinsed with DDW until transparent
solution was obtained. The precipitate was then allowed to
dry in a hot air oven at 50°C. The dried mass was further
cooled and required volume of boiled acetone was added
(when reached its boiling point at 56°C) to the solid mass
with constant stirring. The solution of drug was filtered
for the removal of impurities. The solution was cooled
and subsequently kept into refrigerator. Crystal produced
after freezing was dried in a hot air oven at 50°C. After
that the dried mass was stored for further application
(Kahali, Khanam, 2018).

Ascertainment of physicochemical properties of OND
Saturation solubility study

The study was conducted by taking an excess
amount of OND in graduated stopper test tubes with
5 mL DDW (pH 6.0), phosphate buffer pH 7.4 and pH
6.8 media. Then the test tubes were placed into water
bath for 24 h at 37 £0.5°C and shuddered properly in
regular intervals till the equilibrium is not attained.
The content present in test tubes was centrifuged and
filtered properly (by using Whatman filter paper, pore
size 11 pm). After that desirable dilutions had been
made. Finally, the absorbances were taken at Amax248
nm spectrophotometrically.

Partition coefficient determination

Measurement of partition coefficient is the most
crucial side in this study because drug absorption is a
general mechanism of passive diffusion. This mechanism
solely depends on the partition coefficient of drug. The
partition coefficient of drug is assessed by taking 10
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mg OND and its SDs containing equal volume (15 mL
each) of water and n-octanol in a separating funnel.
Before addition of drug, two phases were allowed to
get saturated by shaking (8 h) in a mechanical shaker.
After that OND is added to the solution mixture and
again shaking was done for 24 h in the same way. Then
the funnel with mixture was left for 10 min to separate
the mixture into two distinct layers. The aqueous phase
(water) was collected and suitable dilutions were made
and analyzed under UV-spectrophotometer. The same
method was adopted with phosphate buffer pH 7.4 and
n-octanol (Moldoveanu, David, 2015). The experiment
was repeated thrice at 25+0.5°C. The partition coefficient
of OND was constituted by the following equation:

Phase solubility studies

The phase solubility diagram was established on
the basis of the report of Higuchi and Connor’s method
(Higuchi, 1965). Different concentrations (0, 1, 2, 4, 8,
10% w/v) of aqueous solution of carriers were prepared
in different aqueous media containing DDW, pH 7.4,
and pH 6.8. Excessive quantity of OND was added to 5
mL of aqueous solution present in each graduated test
tube. In a mechanical shaker with constant temperatures
at 30, 37, 40 and 45 £+ 0.5°C the test tubes were shaken
for 24 h. Then the test tubes were centrifuged and the
supernatant were filtered through Whatman filter paper
(pore size 11 um) and proper dilutions were made.
Later the concentration of OND was determined by UV
spectrophotometer at Amax 248 nm. In each system the
analysis was repeated thrice. Phase-solubility diagram
was represented by plotting molar concentration of OND
against molar concentration of the carrier. From Eq. (1)
apparent stability constants (Ka) were calculated by using
slope and intercept of each profile. Intercept indicates
the intrinsic solubility of drug at different temperatures
in absence of carrier. The thermodynamic factors were
enumerated upon the formation of complex between
carrier and drug using Van’t Hoff Eq. (Das ef al., 2018).

_ Slope
 Intercept (1 — Slope)

D

K1:1
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where and are the stability constants at 30 and 37°C and,
constitutes the corresponding temperature in Kelvin.
denotes Gibbs free energy change and entropy were also
determined. is the universal gas constant(Das ef al., 2018).

Preparation of solid dispersion by solvent evaporation
method

SDs were composed of different carriers such
as HPBCD and PVP K-30.OND and carriers taken
at suitable ratios (1:1, 1:3 and 1:5 w/w) and produced
a dispersion of a physical mixture in an organic
solvent mixture (dichloromethane-methanol 1:1 v/v).
The solvent was evaporated under vacuum to obtain
transparent and solvent-free thin layer. The resultant
residue was then dried at 37+0.5°C in a hot air oven
until constant weight was achieved (Kahali, Khanam,
2018; Suthar et al., 2013).

Aqueous solubility study

Excess amount of SD was taken in 5 mL of DDW,
phosphate buffer pH 7.4 and pH 6.8 respectively in
graduated stopper test tubes and shaken in a mechanical
shaker at 25 and 37°C for 24 h. After that filtration of
each sample was done using Whatman filter paper (pore
size 11 pm). Each filtered solution was then diluted
suitably and absorbance was taken at Amax 248 nm
spectrophotometrically.

Measurement of drug content (%) of solid binary system

From each sample of SDs, 10 mg SD were taken
and dispersed in 2 mL methanol. Afterwards, each
sample was diluted with aqueous media (phosphate
buffer pH 7.4) and volume was adjusted to 100 mL in
a volumetric flask. Satisfactory dilutions were made
further and the content of drug was analyzed in UV
spectrophotometer.
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Characterization of formulations and drug

Pure drug, solid complexes, pure and SD loaded
patches were characterized by Fourier Transform Infrared
Spectroscopy (FTIR) analysis, study and Scanning
Electron Microscopy (SEM).

Fourier transform infrared spectroscopic (FTIR) analysis

FTIR analysis was performed to determine the
stability of the drug in presence of excipients/polymers
and to detect drug-polymer interaction if any. Different
samples (OND, SDs, patches) were analyzed using
Shimadzu Co., Kyoto; Japan together with Quick
Snap sampling modules. The mixture of individual
sample and KBr (potassium bromide) was prepared
and packed into a disc applying hydraulic pressure.
The scanning of sample loaded disc was executed over
wavenumber range of 4000-400 cm™ (Kalimuthu and
Khanam, 2014).

Differential scanning calorimetric study (DSC)

To observe the amorphous and crystalline
property of ingredients DSC analysis was carried out.
DSC analysis was performed in (Pyris diamond TG/
DTA; Perkins Elmer Instruments, Mumbai, India)
corroborated with thermal analyser. Approximately
5 mg sample (OND and SDs) was taken in a closed
aluminum pan and heated in the range of 20 to 300°C
at a heating rate of 10°C /min under a nitrogen flow of
150 mL/min(Das et al., 2018).

Scanning electron microscopic analysis (SEM)

In SEM, a tiny electron beam scanned across
the surface of the sample molecule to inspect the
topographies of samples at very high magnifications.
In order to analyse the surface morphology of powder
samples and transdermal patches, scanning electron
microscopy technique was adopted. The analysis was
done using (SEM, JSM-6700F, JEOL Ltd., Japan). The
samples were placed individually into the aluminium
stub with adhesive tape in both sides. The aluminium
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stub is covered with thin layer of platinum under
reduced pressure of 2.54 Pa to make it electrically
conductive. Through generating 25 mA current
under voltage 10 kV the experiment was performed
(Kalimuthu and Khanam, 2014).

Fabrication of transdermal patch

In order to get a homogenized mixture, requisite
amount of PVP K30, EC, HPMC and OND (5:1:0.5:1 w/w;
50, 10, 5, 10 mg) were mixed in chloroform and thereafter
dibutyl phthalate (30-50% v/w DBP) was added to form
transparent and viscous liquid.Another batch of patches

TABLE | - Batch of formulations

were prepared in the similar way by addition of (30-50%
v/w) polyethylene glycol (PEG). The liquid was cast on the
backing layer (130 cm?*, SCOTCHPAK 9733) with the help
of an applicator (350 um, wet film thickness) and dried
at25°C for 24 h. After that an adhesive tape (CoTran™
9697) was attached to the bottom of the matrix patch.
Similarly in respect of SD loaded patches (1:5 w/w OND-
PVP K-30 SD, equivalent to 10 mg drug) was taken and the
patches were fabricated as mentioned above. Mass balance
was confirmed by theoretical amount of drug loaded per
square cm of the polymeric film. On the other side, assay
method determines the practical amount of drug. In Table
I composition of different films is illustrated.

Carriers Total % DBP
. % PEG(total
Patch SD (1:5w/w weight of  Chloroform (total t. of Drug
code PVPK30 HPMC EC ’ carriers (mL) wt. of Wi (mg)
OND-PVP polymer)
(mg) (mg)  (mg) K-30) (mg) polymer)
P1 50 5 10 - 65 3 30% viw 30% viw 10
P2 50 5 10 - 65 3 40% viw 40% v/w 10
P3 50 5 10 - 65 3 50% viw 50% viw 10
P4* - - - 78 3 30% viw 30% viw 10
pP5* - - - 78 3 40% v/w 40% v/w 10
P6* - - - 78 3 50% viw 50% viw 10

* SD was takenas per quantityequivalent to 10 mg OND base for each of the patches, P4-P6.

Drug Content determination of transdermal patch

1 square cm patch was taken out from each
formulation and 2 mL methanol was added and stirred
for 1 h. After that volume was adjusted to 100 mL with
phosphate buffer pH 7.4 and stirred for 24 h at 60 rpm.
The solution was thenallowed for sonication for 30 min
and filtered through(11 um pore) Whatman filter paper.
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Absorbance was noted after proper dilution at Amax 248
nm (Thakur, Singh, Singh, 2016).

Percentage moisture content
The dried patches were weighed separately and kept

in a desiccator consisting of fused calcium chloride for
72 h at 40+0.5°C. After that the patches were reweighed
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until constant weight was attained. The difference
between initial weight and final weight defined in terms
of percentage was used to calculate moisture content
(Singh, Bali, 2016).

Percentage moisture absorption

The patches were individually weighed and placed in
a desiccatorfilled with saturated sodium chloride solution
with 90% RHfor 72 h. The patches were then weighed at
random to obtain a constant weight (Thakur et al., 2016).

Measurement of thickness of patches

With the help of digital micrometer screw gauge
(Mitutoyo, Japan) the thickness of the dried patches were
ascertained at three separatet places and the average value
was thereafter calculated (Prajapati, Patel, Patel, 2011).

Adhesion test (thumb tack test)

The thumb was put in the sample with slight pressure
for a fraction of time and withdrawn instantaneously. It
is not difficult to determine how stringent a bond was
obtained between skin and adhesive on alteration of
pressure and contact time observing the strain to pull out
the thumb from adhesive. This thumb tack test, of course,
has some loopholes. One is its subjectivity. Another chief
loophole is that the data obtained through this test are less
quantifiable. Be that as it may, to evaluate adhesiveness
of skin bonding it is a method which is undoubtedly most
simple. Each sample was tested in three different places
for three times (Minghetti, Cilurzo, Montanari, 1999).

Tack test by texture Analyzer or Texturometer

The Texture analyzer or texturometer (Texture
Technologies Corp, Marietta, GA, USA) comprises 7
mm probe which is employed to ascertain the adhesion
capacity of pure and SD loaded patches (Zheng, Reza,
2014; Elsabee, Abdou, 2013; Puri et al., 2019). The patches
were prepared with two different plasticizers, PEG and
DBP and stored for one month at room temperature
(25+1°C). Before performing the test samples, the
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analyzer was calibrated and different parameters like:
target force, approach and return speed, distance as well
as hold time were reformed. From each sample 3.0 cm
% 3.0 cm patch was cut and fixed on the sample holding
unit without addition of release liner. The probe was
allowed to come into the contact with adhesive patches
with a target force (50 g) and holding time (10 sec) as the
test runs were initiated. This process produced a bond
between the surface of the probe and patches. Afterwards,
the probe was pulled off and it causes debonding between
two surfaces. Finally, the parameters such as: work of
adhesion, positive area and separation distance were
detected.

In-vitro diffusion study

In-vitro release studies were performed in Franz
diffusion cells which has two distinct sections- donor
cell and receptor cell. The donor cell is a long cylindrical
tube both ends of which are open and the lower portion
is such as can be fitlexibly adjusted with the neck of
receptor cell. The total volume of receptor part is 50 mL
and it is equipped with an external jacket which functions
as a tool to maintain the temperature at 37+0.5°C. The
receptor cell was affixed on the multicell magnetic
stirrer. It was then filled with phosphate buffer pH 7.4
(50 mL). At the lowest part of the donor cell release liner
with drug loaded patch (3.935 cm? circular area)was
fixed. From the receptor cell samples were taken out at
definite time intervals and equal volume of same buffer
was replaced during the experiment.The concentration
of drug present in each sample was measured by UV
spectrophotometer at wavelength of 248 nm. Amount
of drug diffused was calculated and cumulative percent
release (CPR) was resolved to enumerate the amount
met with each sample

Ex-vivo permeation study

Ex-vivo permeation study was performed by using
excised porcine ear portion with an area of 3.935 cm?.
Porcine skin has been chosen to perform the ex-vivo
permeation study because it is anatomically similar with
human skin as well as it is widely available in the market
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(Schmook, Meingassner, Billich, 2001). With treatment
of phosphate buffer pH 7.4 for 2 h external debris was
removed and equal area of skin of donor compartment
was cut and attached between donor and receptor portion
(Das, Ghosal, 2008). The receptor part contains pH 7.4
buffered media. Before permeation study of formulations
it is necessary to ascertain whether any impurities/skin
components are present in receptor media. To analyze
the skin impurities dermal side of the skin (without
formulation) was kept in contact of receptor media and
a fixed volume of sample (5 mL) was withdrawn at a
regular time interval and same volume of freshly prepared
pH 7.4 buffer was replaced after each withdrawal and
analyzed spectrophotometrically (Kaur, Geetha, Kakkar,
2011). For permeation of formulations, pure drug and SD
loaded patches was attached each in the donor cell which
is in contact with the stratum corneum (SC) part of ear
skin. Samples were withdrawn and cumulative amount
of drug which permeates through the skin was observed
under UV-spectrophotometer at 248 nm.

In this context it is noted that at the time of diffusion
and permeation the solubility data in different aqueous
media were considered for the purpose of maintaining
sink condition and, therefore, appropriate quantity of drug
is loaded in the donor compartment of the diffusion cell.

Drug Content uniformity

To determine the drug content uniformity the
patches were stored in a desiccator for 6 months and
analyzed the influence of variability of drug content on
films stability. In a 100 mL volumetric flask SD loaded
patches (1 cm?each) were taken and 2 mL methanol was
added in it. The mixed content was then stirred for 2 h for
extraction of drug. Extraction of drug having been done
the remaining volume was adjusted to 100 mL with pH
7.4 phosphate buffered media and thereafter sonicated
for 4 h. The samples were then filtered. After preparation
of proper dilutions the samples were measured with the
help of UV-spectrophotometer (Banerjeeet al., 2014).
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Statistical analysis

The data as assessed were described as
meandstandard deviation (S.D) and measurement in each
case was done three times. The difference that present
between the sets was tested by students’ t-test at the
standard p< 0.05 wherever necessary.

RESULTS AND DISCUSSION
Study of saturation solubility

The study of saturation solubility was performed
in an aqueous media of DDW (~pH 6.0), pH 7.4 and pH
6.8 respectively. It is evident that OND is a weakly basic
drug (pKa=7.4) and under acidic pH it is aqueous soluble
(Salem, Lopez, Galan,2001). Hence the drug remains
unionized at pH 7.4 which is considered as in-vitro study
fluid in the present work. Notably, the influence of acidic
pH on solubility was also to be observed. In each aqueous
media (DDW, pH 7.4, pH 6.8) the concentration of OND
was found to be 187+0.007, 188.48+0.007, 451.23+0.006
pg/mL and 253.10+0.004, 216.36+0.002, 512.96+0.004
ug/mL respectively at 25° and 37°C. These values reveal
that in basic media the solubility is apparently decreased
as compared to acidic media.

Partition coefficient

In octanol-water (Ko/w) and octanol-phosphate
buffer pH 7.4 the partition coefficient of OND HCI, OND
and its SDs were found (Log P=2.434+0.005- 2.85+0.01,
Table II). From the results of partition coefficient, it
was confirmed that Log P values of OND and all the
formulations agree to the reported value. The Log P
values obtained in case of OND and other formulations
were higher than that of hydrochloride form. It stipulates
that OND and SDs have higher lipophilicity than the
former one. Thus, modification of drug and its SDs have
more favorable impact on skin permeation.
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Log P value in octanol-

Formulations Log P value in octanol-water pH 7.4 buffer
OND HCI 2.43+0.002 2.36+0.003
OND 2.52+0.005 2.4540.01

*OND: HPBCD(1:1 w/w) 2.58+0.01 2.49+0.001
*OND: HPBCD(1:3 w/w) 2.64+0.002 2.54+0.004
*OND: HPBCD(1:5 w/w) 2.73+0.005 2.59+0.005
*OND: PVP K-30 (1:1 w/w) 2.52+0.004 2.60+0.002
*OND: PVP K-30(1:3 w/w) 2.61+0.002 2.66+0.001
*OND: PVP K-30(1:5 w/w) 2.85+0.01 2.78+0.001

*SDs

Phase solubility study

Phase solubility profile of OND-HPBCD and OND-
PVP K-30 was established by plotting concentration of
OND (Mole/L) against concentration of carrier (Mole/L).
From each profile slope and intercept were calculated
to determine the stability constant (Ka) and other
thermodynamic parameters such as change in free energy
(AG), change in enthalpy (AH) and change in entropy (AS)
of the system. These complexes satisfactorily modify the
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features of solubility of drug. In order to measure the
effects of complexation ability of two carrier systems
phase solubility study of binary system was carried out.
At different temperatures (303 K, 310 K, 313 K and 318
K) the pattern of isotherms of phase solubility profiles
are AL type for both the cases of HPBCD and PVP K-30
system (Figure 1). AL type linear isotherms explain the
enhancement of solubility of a guest mole as a function
of concentration of carrier.
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FIGURE 1 - Phase solubility analysis of a) HPBCD-OND at DDW; b) HPBCD-OND at pH 7.4; ¢) PVP K-30-OND at DDW; d)
PVP K-30-OND at pH 7.4; ¢) HPBCD-OND at pH 6.8; f) HPBCD-OND at pH 6.8 at different temperatures.

The binary systems showed the negative free energy
change which indicates spontaneous solubilization. Free
energy change (AG) varies from -17.76 to -24.8 kJ/mol and
-10 to -13 kJ/mol for PVP K-30 and HPBCD respectively.
It implies that the molecules of drug may bind with the
weak physical forces like Vander Waals’ force, hydrogen
bonding and hydrophobic forces.Effects of temperature on
Ka in all cases were much prominent. Binding constants
of PVP K30-OND and HPBCD-OND binary systems
were decreased in the order of DDW>pH 7.4>pH 6.8 and
pH 7.4>DDW>pH 6.8. Degree of dissociation of OND
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enhances with decrease in pH. This feature may not suit
hydrophobic binding. So, stability constant value (Ka)
decreases in acidic pH. This is because of less interaction
between ligand and guest molecules.

The change in stability constant was possibly due to
dipole-dipole induced complexation of amide group of PVP
K-30 with OND and also due to hydrogen bonding between
the carbonyl group of PVP K-30 as well as hydrogen atom
in the carbonyl (C=0) group of OND. The hydrogen atoms
in the PVP K-30 and OND squeeze out surrounding water
molecules. Due to this binding, water molecules become
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less ordered and yield enhanced entropy (+AS) upon
complexation in most of the cases. As a matter of fact PVP
K-30 has its hydrophobic and hydrophilic parts which may
be considered as the respective sites for its adherence with
drug molecules (for both undissociated and dissociated).
Endothermic (AH) type of complexation was found in this
study. Further, entropy change (AS) was found positive
except in case of HPBCD at 37°C. This may be due to
higher flexibility of broader ring of HPBCD. Moreover,
cyclodextrins belong to the class of oligosaccharides
containing (o-1,4)-linked a-D-glucopyranose units along
with hydrophilic outer and lipophilic inner surfaces. Thus,
cyclodextrins can form water soluble amorphous inert
inclusion complexes with number of poor water soluble
candidates (Das et al., 2018, Di, Kerns, 2016).

Nancy Kahali, Jasmina Khanam, Himadrija Chatterjee

Free energy change (AG) was found negative in
all cases. Negative AG ensures spontaneous complex
formation. Highly negative AG values and positive
entropy suggest that complexation was favored in higher
pH in comparison to lower pH. Higher Ka value of PVP
K-30-OND binary system (7160.9-7913.6 M, 25-45°C)
indicates increase in solubility than that of HPBCD-OND
binary system (54.43-86.91 M, 25-45°C) in different
aqueous media. Sometimes it was noticed that if stability
constant is too high, it may form a more stable complex.
So, drug may not be released out to a greater extent
from the complexed state (Kalimuthu, Khanam, 2014).
Solubilization depends on pH of medium due to degree of
ionization. The data of phase solubility study is illustrated
in Table. I11.

TABLE Il - Thermodynamic parameters for the reciprocation of Ondansetron with PVP K30 and HPBCD

Carriey  Temperature Temperature DDW (kJ/Mole) pH 7.4 (kJ/Mole) pH 6.8 (kJ/Mole)
in °C in K K,M' (*AG, *AH, *AS) K,M' (AG,AH,AS) K,M' (AG,AH,AS)

AG =-22.36 AG =-20.29 AG =-17.76

)5 303 7160.9 AH =442 315716 AH=60.82 115677 AH=2737

AS = 0.088 AS =0.267 AS =0.148

AG =-22.97 AG =-22.17 AG = -18.81

37 310 7450.53 AH=1332 544601 AH=7914 147841 AH=65.52

PVP K30 AS=0.11 AS =0.326 AS=0.272
AG =-23.33 AG=-23.15 AG =-19.62

40 313 7829.13 AH =177 7309.83 AH=84.82 188639 AH=74.02

AS =0.08 AS=0.344 AS =0.299

45 318 7913.6 AG=-2373 122036 97T 905037 AG=2L12
AG =-10.06 AG =-12.76 AG=-10.23

25 303 54.43 AH =20.62 15866 AH=1005 5821  AH=3.95

AS=0.10 AS =0.075 AS =0.046
AG =-10.77 AG=-13.29 AG =-10.56

37 310 65.49 AH=19.77 17362  AH=1239 6031  AH=4.60
HPBCD AS =0.098 AS =0.082 AS =-0.008
AG =-11.07 AG =-13.53 AG =-10.71

40 313 70.49 AH = 34.65 181.81  AH=516 6135  AH=6.09

AS =0.146 AS = 0.059 AS = 0.053
45 318 86.91 AG=-1180 18757 AG=-1383 6365 AG=-1098

*K, = binding constant, * AG = change in Gibbs-free energy, *AH = change in enthalpy, *AS = change in entropy
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An overview of preparation and characterization of solid binary system and its application on transdermal film with variation of plasticizers

Aqueous solubility study and drug content
determination

OND is poorly soluble in double distilled water
(~187+0.007 pg/mL, 25°C and 253.10+0.004, 37°C).
Solubility of OND increases linearly when fraction of PVP
K-30 in SD is increased. Solubility was enhanced upto the
drug-carrier ratio 5:1 (w/w) as drug amount was fixed (100
mg). Solubility of drug in case of all binary mixtures of
PVP K-30-ONDwas obtained higher than that of HPBCD-
OND binary system at both 25 and 37°C. Enhancement
of solubility was found 4.0-4.5 times higher as compared
to pure drug in pH 7.4. Besides, in DDW (~ pH 6) the
solubility was found ~ 4.75 times. This may be due to high

solubility of OND in lower pH. As the enhanced solubility
favours ionization, the phenomenon of enhancement of
solubility confirmed that in lower pH the drug (OND) has
been ionized. Enhancement of solubility was found low
(~1.8-2.11) times in case of pH 6.8 as compared to pure
drug. Enhancement of solubility for all binary systems was
expressed as (1:5>1:3>1:1, Figure 2). As the lipophilicity
of drug and other SDs do increase (2.45+0.01-2.78+0.001,
pKa), so does increase the solubility.SD refers to a group of
solid products containing two different elements, generally
a hydrophilic matrix and a hydrophobic drug. For the binary
system, the hydrophilic properties of PVP-K30 increased
the solubility according to increase in temperature than
HPBCD, although the difference was not much wide.

0.1 5

0.08

0.06

0.04

0.02

Aquoeous solublity of OND
{(ng/mL)

OND-Carrier Ratio

FIGURE 2 - Aqueous solubility of OND in different pH at 25 and 37°C.

The drug content of each binary system (1:1, 1:3 and 1:5 w/w) was found 4845+3, 2412.72+3.4, 1520+8.7 ug/mL
and 4772.72+4.5, 2472+1.1, 152748.3 pug/mL respectively for HPBCD and PVP K-30. The data of solubility study of

each system were depicted in Table IV.
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TABLE IV - Solubility study of OND and OND-SD

Nancy Kahali, Jasmina Khanam, Himadrija Chatterjee

. . o Solubility in Solubility at pH Solubility at pH
Carrier-Drug Ratio (w/w) Temperature (°C) DDW (ug/mL) 6.8 (ng/mL) 7.4 (ng/mL)
25 187+0.03 451.23+0.03 188.48+0.02
PURE OND
37 253.10+0.0 512.96+0.04 216.36+0.02
25 251.41+0.02 578.39+0.01 285.45+0.005
OND:HPBCD (1:1 w/w)
37 403.38+0.004 711.72+0.04 298.18+0.04
25 443.50+0.02 712.34+0.02 578.18+0.05
OND:HPBCD (1:3 w/w)
37 543.50+0.06 858.02+0.002 561.81+0.03
25 712.99+0.03 824.69+0.006 850.30+0.01
OND:HPBCD (1:5 w/w)
37 844.06+0.01 956.17+0.03 872.724+0.06
25 388.13+0.05 582.09+0.004 334.54+0.008
OND:PVP K-30 (1:1 w/w)
37 588.70+0.01 722.83+0.006 390.90+0.002
25 702.25+0.01 720.98+0.004 558.18+0.02
OND:PVP K-30 (1:3 w/w)
37 776.83£0.06 861.11+0.03 687.87+0.001
25 889.26+0.04 954.93+0.01 863.03+0.002
OND:PVP K-30 (1:5 w/w)
37 894.91+0.009 990.74+0.01 972.72+0.003

Carrier, plasticizer and solvent selection for
preparation of current transdermal device

When hydrophilic compound- PVP K-30 is added
to EC which is a hydrophobic film forming polymer,
enhancement of release rate constants happens to occur.
This effect can be ascribed to leaching of soluble component
which helps to form pores and yields a reduction in mean
diffusion path length of drug molecules to be released into
diffusion medium. Moreover PVP K-30 acts as an anti-
nucleating agent that restrains the crystallization of drug
(Kandavilli, Nair, Panchagnula, 2002).

In controlled drug delivery system HPMC is used
rapidly. It is a hydrophilic swellable polymer having film
forming property. HPMC is adequately soluble in aqueous
media and hence it produces transparent film (Rogers,
2009, Kandavilli et al., 2002).

Plasticizer has an outstanding role in the development
of transdermal patches. It confers flexibility as well as
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mechanical strength and adhesive property to the polymeric
matrix. Generally, low molecular weight is the prime
factor for the selection of plasticizer because it minimizes
secondary bonds amongst polymer chains in matrix (Gal,
Nussinovitch, 2009). In this context, the effect of low
molecular weight hydrophobic plasticizer (DBP, 278.35
g/mol) was chosen. Whereas, and high molecular weight
hydrophilic plasticizer (PEG, 4500 g/mol) wasselected for
the preparation of patches because it is non-toxic, highly
miscible and biodegradable in nature. Both DBP and PEG
(30-50% v/w) is added to prepare patches to compare the
effects on permeation flux as well as release.

The relative polarity and dielectric constant of
chloroform are 0.259 and 4.81 respectively. On the basis
of these characters, chloroform was selected as casting
solvent for the development of transdermal film. From
the aforementioned values it is clear that chloroform is
an apolar solvent, in which when drug is administered,
minimizes the crystallinity of drug (Pattnaik et al., 2011).
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An overview of preparation and characterization of solid binary system and its application on transdermal film with variation of plasticizers

Percentage moisture content, moisture absorption
and drug content studies

The stability of ideal patches was described by lower
percentage of moisture content (MC). Presence of less
moisture content yields dried patches which are very
essential characteristic for transdermal devices. Lower
moisture absorption (MA) confirms inhibition of growth
of microorganisms and thereby minimizes less toxicity

and irritation to skin. Approximately 87-96.9% drug
content (DC) was found in each patch ensures almost
equal distribution of drug. Lower percentage uptake as
well as less moisture content was observed in case of
DBP containing patches as compared to PEG. This may
be due to hygroscopic nature of PEG which causes higher
moisture absorption in patches. All the results were found
statistically significant (p<0.05). Table V illustrates the
values of %MC, % MA and %DC.

TABLE V - Data of Percentage moisture content, percentage moisture absorption and percentage drug content. (n=3)

% MC % MA % DC
Patch code
PEG DBP DBP PEG DBP
P1 1.2940.06 1.11+0.032 3.14+0.2 1.28+0.71 91.39+1.04 94.534+0.02
P2 1.2840.045 1.214+0.051 3.37+0.31 1.92+0.32 92.18+1.81 96.91+2.36
P3 1.31+0.02 1.06£0.035 1.97+0.15 1.01+0.2 87.45+1.81 93.76+4.92
P4* 2.77+0.047 1.89+0.043 3.64+0.04 1.90+0.023 92.18+3.14 96.12+2.09
P5* 3.10+0.023 2.22+0.031 3.83+0.052 2.62+0.02 94.54+1.81 95.33+1.04
Po* 2.41+0.04 1.23+0.012 2.79+0.046 2.10+0.031 92.18+3.63 95.33+3.78

Thickness, adhesion property and content uniformity

On experiment the thickness of transdermal patches
appeared to be satisfactory, and the thickness as measured
was 0.084+0.006 to 0.0894+0.008 mm (p<0.05). As the
thickness of patches increases, the tightness of molecules
also increases. This phenomenon lowers down the
mobility of molecules. As a result drug release from
patches functions in a very controlled manner.

It is to be noted that in all cases of formulations
except P3 and P6 with PEG the result of adhesion
property causes better adhesive character. The presence
of PVP K-30 to a greater amount ultimately makes the
adhesion property better because PVP K-30 itself acts
as an adhesive in patches (Kathe, Kathpalia, 2017).
When mixed with DBP, minimizes hardness of patches.
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It was found that higher volume of DBP boosts up
the flexibility and increases adhesive property to a
greater extent.

The content uniformity was found optimized in
case of pure drug loaded patches (P1-P3) as well as (1:5
w/w OND-PVP SD, P6*) loaded patches (86.67+2.7-
95.33+2.7%, p<0.05). In doing so, no illustrious
differences could be observed between pure drug and
SD patches. With slight standard deviation values of
every drug contents were found more or less the same.
This result clearly reveals the fact that drug was well
distributed throughout the patches. Temperature or
relative humidity could not create any collision in drug
content uniformity in this case.

The values of thickness, adhesion character and
content uniformity of films are reported in Table VL.
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TABLE VI - Thickness, adhesion property and content uniformity of different patches (n=3)

Thickness (mm) Adhesion property Drug content uniformity (%)
Patch code
PEG DBP PEG DBP PEG DBP

P1 0.086+0.009 0.084+0.006 +++ ++ 89.03+2.7 91.38+5.9
P2 0.089+0.004 0.086+0.0025 +++ +++ 90.60+3.7 94.54+2 .36
P3 0.089+0.003 0.084+0.005 + ++ 86.67+2.7 92.18+2.36
P4* 0.086+0.002 0.089+0.008 +++ +++ 88.24+4.5 95.33+2.7
P5* 0.085+0.004 0.088+0.003 +++ +++ 91.39+3.78 93.76+3.78
Po* 0.085+0.004 0.089+0.003 + +++ 89.03+£2.0 92.97+2.7

+++Excellent adhesion property, ++good adhesion, +poor adhesion property

Tack properties by Texturometer or Texture
analyzer

The adhesiveness of transdermal patch is analysed
by testing its tack, which is a calculated force of
debonding upon the utilization of small pressure for a
short period of time. In this study the application of probe
tack test was done. The force is necessary to separate the
probe from the adhesive surface of a transdermal patch
was measured. The highest value of force that is needed

TABLE VII - Tack properties of different patches (n=3)

to break the bond between the probe and patches after
longer period of contact is expressed as tack (Cilurzo,
Gennari, Minghetti, 2012). The adhesive properties
(absolute positive force), work of adhesion as well as
average separation distance of patches (P1-P6*) were
measured thrice after storage of one month. DBP loaded
SD patches (P4*-P6*) Good adhesive nature was found in
the cases of DBP-SD patches as compared to pure drug
(P1-P3) and PEG-SD patches (P4*-P6*). The result of
each formulation (P1-P6¥) are illustrated in Table VII.

Average separation

Patch Adhesive properties (g/cm?) Work of adhesion (g.s) distance (mm)

code PEG DBP PEG DBP PEG DBP
P1 1216.76+149.54 1104+176.49 32.49+9.12 33.89+10.30 1.33+£0.52 1.26+0.5
P2 1019.12+124.78 1156+216.06 35.72+7.39 36.46+9.16 1.20+0.70 1.34+0.63
P3 1072.84+163.46 1095.40+115.94 27.39+7.11 38.73+10.59 1.67+0.27 1.38+0.6
P4* 1227.38+182.60 1279+208.77 39.24.£10.21 33.23+8.66 1.34+0.5 1.10+0.12
P5* 1165.89+204.19 1180£136.72 34.12+9.48 35.69+8.45 1.294+0.5 1.22+0.18
P6* 1110.34+146.44 1294.854221.09 39.52+10.31 40.9149.88 1.23+0.35 1.18+0.21
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An overview of preparation and characterization of solid binary system and its application on transdermal film with variation of plasticizers

In-vitro diffusion study

In-vitro diffusion analysis (Figure 3) was performed
an in-vitro version of Keshary-chien cells. Before the
analysis of patches it is essential to check the drug release
behavior. To check the same, a similar amount (302.69 ng)
of OND as present in 3.935 cm? patch has been taken in

donor cell (previously covered with cellophane membrane
and release liner) as a solution form (3 mL OND solution
made up with chloroform) in phosphate buffer pH 7.4
and36.07+0.31% drug was diffused after 8 h. This
indicates that OND controlls the release mechanism more
efficiently as it showed retarding effect. The study of in-
vitro diffusion of patches was carried out at 37+0.5°C.

umulative % release

1

C

—+—30% DBP, PURE Ond base
—=—40% DBP, PURE Ond base
—+—30% PEG,PURE Ond base
——40% PEG,PURE Ond base

—+—50% DBP, PURE Ond base

120

100

80 -

60 -

Cumulative %o release

20 -

10
—+—30% DBP.1:5- Ond: PVPSD
——40% DBP,1:5- Ond: PYPSD
—*—30% PEG,1:5- Ond: PVPSD
—+—40% PEG,1:5- Ond: PVPSD

——50% DBP,1:5- Ond: PVPSD

Time (h)

10

FIGURE 3 - In-vitro diffusion profile of a) Pure OND loaded patches b) SD loaded patches.

Increase of percentage of plasticizer shows increased
drug release from the patches. Drug release is observed
higher in cases of SD loaded patches as compared to
pure drug loaded patches. It was also observed that the
patches with PEG showed higher drug release than that
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of DBP loaded patches. This is because of hydrophilic
nature of PEG which in combination with higher fraction
of hydrophilic carriers such as: PVP K-30 and HPMC
causes increased drug release from the patches. Apart
from that, a significant effect of EC was observed in case
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of drug release. EC formed pores with swellable polymer
HPMC which leads rapid diffusion of drug through the
membrane to the medium (Patel et al., 2009).

After § h the cumulative percentage release for 30%,
40%, 50% v/w DBP (P1-P3)and 30%, 40% v/w PEG
(P1 and P2) loaded patches for pure drug were obtained
58.414£3.22, 65.10+4.74,74.65£10.58% and 73.21+4.55,
79.25+3.16% drug release respectively. Conversely,
enhanced drug release was observed in all cases of SDs
loaded patches as compared to pure drug.Enhancement
of concentration of plasticizer facilitates the release of
drug and the drug release also consequently increases.
Flexibilities of carrier macromolecular segments are
increased by plasticizer of higher percentage. Loosening
of tightness of intermolecular forces thus happens to
occur (Bergo, Sobral, 2006). With increase of volume
of plasticizer the flow property of drug molecules
increases relatively. Hence, better release is attained.
The cumulative percentage drug release of SD-PEG (30-
40% v/w i.e. P4* and P5*) and SD-DBP (30-50% v/w i.e.
P4*-P6*) patches were found 80.59+6.11, 93.79+7.81%
and 65.30£7.45, 74.58+5.23, 87+11.65% respectively
after 8 h.

It is to be noted that as the patches (P3 and P6*) with
50% PEG showed poor adhesion property and appeared
less smooth in nature, further experiments were not done
for those patches.

Ex-vivo skin permeation study

After 8 h of constant evaluation very small amount
of skin component was observed. This happens possibly
because of presence of little quantity of aqueous soluble
UV absorbing substance which comes out through skin.
Before the evaluation of drug-carrier loaded patches,
it is necessary to observe whether the plain drug can
permeate through the skin or not. So as to evaluate drug-
carrier loaded patches, first of all, what is necessary is
to analyse if the pure drug can permeate through skin or
not. Therefore, the experiment was performed at 37+0.5°C
by fastening the skin (3.935 ¢cm?) onto the donor cell and
a solution (302.69 pg in 3 mL chloroform) of plain drug
was put upon the slice of the skin affixed on the donor
cell. The top most opening of the donor compartment
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is closed with parafilm. About 28.44+0.052% (Data not
mentioned) drug was permeated across the skin with flux
of 0.80+0.14 pg/cm?/h.

In ex-vivo experiment of formulations, it was
noticed that P4* and P5* with PEG showed permeation
(215.93+7.51, 255.36+4.64 pg)higher than that of P1
and P2 (186.27+5.04and 218.51+5.85 ug) through 3.935
cm? barrier after 8 h. Whereas DBP-SD (P4*-P6*)
andDBP-pure drug loaded patches (P1-P3) showed
less amount of drug permeation (P1= 156.30+21.81,
P2=177.18+12.84, P3=204.33+11.67; P4*=176.24+9.24,
P5*%=206.06+10.81, P6*=236.48+3.66 ng/3.935 cm?)
after 8 h as compared to patches with PEG. The reason
behind this is possibly leaching out of fraction of PEG
from the patcheswhich form smaller pores. Thus, higher
permeability is occurred. The reason behind occurrence
of higher permeability in respect of patches with SD is
the presence of higher fraction of PVP K-30 which helps
augmentation in solubility and thermodynamic issues
in the media that gives rise to enhanced permeability
of the drug.

Table VIII illustrates the parameters of permeation
and the plots are represented in (Figure 4a-b). The
augmentation of flux (JSS) was observed higher in SD
loaded patches havinghigher fraction of plasticizers.The
highest enhancement of permeability flux (8.42 fold) was
observed in case of P5* (40% PEG-SD) patch. This is
because of a good miscible property of PEG with PVP
K-30 and also due to presence of higher amount of PVP
K-30 which diffuses well in PEG network. Plasticizing
effect is an important parameter for working on films
with SDs. Among all the DBP-SD loaded patches,
P6* brings forth the highest flux because of presence
of higher percentage of plasticizer. The improvement
of solubility is due to low molecular weight of DBP.
Low molecular weight plasticizer enhances pliability
and thereby decreases the glass transition temperature
of polymer. However, it was previously observed that
the films plasticized with PEG gained higher moisture
content. The similar effect was observed by (Rao, Diwan
1997). Thus, from all the formulations 50% v/w DBP-SD
(1:5 OND-PVP K-30) loaded patch found optimized and
the flux as obtained does not differ much from 40% v/w
PEG-SD (1:5 OND-PVP K-30) loaded patch.
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FIGURE 4 - Ex-vivo permeation profile of a) Pure drug loaded patch b) SD loaded patches.

TABLE VIII - Permeation parameters of different formulations (n=3)

Formulation Enhancement
R? value Flux, Jss (ng/cm?/h) Kp (cm/h) factor of
code
flux (Jss)
PURE OND 0.984 0.80+0.14 0.24+0.2 -
Plasticizers PEG DBP PEG DBP PEG DBP PEG DBP
P1 0.987+0.004  0.979+0.006  5.02+0.59  5.48+0.48 0.164+0.02 1.474£1.22 6.27 6.85
P2 0.975+0.01 0.963+0.01 5.5141.87  5.57+0.057 0.151+0.04 0.221+0.025 6.88 6.96
P3 - 0.985+0.004 - 6.23+£0.59 - 0.541£0.17 - 7.78
P4* 0.921+0.02  0.982+0.007 5.63+0.77  5.68+0.45 0.097+0.02 1.64+1.20 7.03 7.10
P5* 0.9424+0.006  0.958+0.01 6.74£0.23  6.44+0.22  0.106+0.011 0.20+0.06 8.42 8.05
P6* - 0.959+0.01 - 6.64+0.18 - 0.12+0.02 - 8.30

R2= Rrgression coefficient according to zero order kinetics, Kp= permeation coefficient
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The release profiles were prone to zero-order, first-
order and Higuchi model (Table IX). The in-vitro release
profiles did not ratify to zero-order kinetics. Among
all the formulations, the formulations prepared with
pure OND (P1-P3) follows first order kinetics except
50% DBP loaded patch (P3). Molecules diffused from
multi-polymeric matrix device, often depends upon
structural characteristics of polymeric blend. Diffusion
in polymers takes place across the amorphous matrix
system and the diffusivity of drug molecule is associated
with the movement of polymer chain and thereupon to
the free volume of the system. The rate and extent of
drug molecules released from the matrix with respect

TABLE IX - Kinetic study of pure OND and SD loaded patches

Nancy Kahali, Jasmina Khanam, Himadrija Chatterjee

to time is proportional to the diffusional path length
and thereupon the volume of the device. Hence, the
formulations followed first order kinetics.

Whereas, the formulations with SD (P4*-P6*) and P3
(50% DBP loaded patch) follows Higuchi model. This is
because the resulting concentration of drug in the media
is much lower as compared to saturation solubility of drug
molecule in in-vitro fluid media and resultantly the sink
condition is maintained. On the contrary, the presence
of EC in matrix inhibits the swelling of hydrophilic
polymers when comes to the contact of aqueous fluid
media (pH 7.4) and hence the constant diffusivity of drug
is occurred.

Coefficient of determination (R?)

Release Mechanism

Patch code Models
DBP PEG DBP PEG
Higuchi 0.976 0.973
Pl Zero order 0.991 0.989 First order First order
First order 0.993 0.990
Higuchi 0.988 0.989
P Zero order 0.980 0.980 First order First order
First order 0.991 0.992
Higuchi 0.990 -
P Zero order 0.989 - Higuchi -
First order 0.984 -
Higuchi 0.991 0.990
pa Zero order 0.990 0.925 Higuchi Higuchi
First order 0.990 0.983
Higuchi 0.992 0.991
s Zero order 0.970 0.944 Higuchi Higuchi
First order 0.985 0.956
Higuchi 0.990 -
P6* Zero order 0.962 - Higuchi -
First order 0.976 -
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Characterization of formulations
FTIR spectroscopic analysis

The solid-state interaction between carrier and
drug is described by FTIR spectroscopy. FTIR spectra
of OND HCI, OND, carriers (HPBCD, PVP K-30), SDs
and patches were characterized by FTIR analysis. At
3412 to 3245.31 cm!, FTIR spectra of OND HCI (Figure
5.1 a) showed sharp peak for -OH band stretching. At
1639.49 cm™ and 2976.16 cm™ C=0 and C-H stretching
were observed (Patil ef al., 2015). In case of OND the
spectra (Figure 5.1 b) showed a prominent peak at 1622.13
cm'which indicates presence of C=0 group. The C-H
stretching was observed at 2935.66 to 2987.74 cm™. The
peaks present at 1639.49 cm! and 2976.16 cm™'in OND
HCl are shifted by ~17.36 cm™ and ~11 to 40 cm™ which is
due to purification of hydrochloride form of drug. Strong
bond of phenyl molecule was observed in EC (Figure 5.1
¢) at 579.18 cm!, 880.44 cm™ and 918.78 cm'. At 1059.18,
1112.60 cm™ C-OH stretching was present and at 1381.17
cm” a medium CH3 bend was observed. A weak aldehyde

8251

67.5 |

525 '.L a) /My, filh o o
e N l!f! ’i ;ul"ly W ﬂf \1 J‘

22.5

%T o

Ll

i
M

4500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (1/cm)

stretching was observed at 2875.85 cm™ and at 2979.03
cm’. At 3484.97cm™! alcohol stretch, C=0 stretch and
N-H stretch are also present in EC.

At 2935.66 cm to 3099.61 cm'broad O-H band
was observed in PVP K-30 which is not overlapped with
aliphatic C-H stretching. At 2926.77 cm™ and 1639.10 cm’!
C-H and C=0 stretching vibrations of PVP K-30 were
detected. Apart from C-H and C=O stretching, a broad
band was also observed at 3403.87 cm™ which denotes the
presence of water (Paradkar ef al., 2004). The spectra of
HPBCD (Figure 5.1e) showed distinct absorption bands at
3401.89 cm™, 2932 cm™, 1593 em respectively for O—H
stretching vibrations, C—H stretching vibrations and C—C
stretching vibration for aromatic ring. Besides, C—H and
C-O stretching vibrations were observed at 1156 cm’!
and 1031 cm™ respectively.

FTIR spectra of HPMC (Figure 5.1f) showed
aromatic C-H bending at 610.35 cm™. An aromatic C=C
bending was observed at 1378.06 and 1457.81 cm. At
2928.28 cm™ an alkyl C-H stretch was detected. Presence
of broad alcohol stretch as well as amine (N-H) stretching
was observed at 3457.18 cm™.
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FIGURE 5.1 - FTIR spectra of a) OND HCI, b) OND ¢) EC d) PVP K-30e) HPBCDf) HPMC.
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The spectra of OND- HPBCD SD (1:1, 1:3, 1:5 w/w)
based binary system (Figure 5.2 A-C) showed a distinct
peaks at 2942, 2935.66 and 2920.60 cm™ indicated the
presence of C-H stretching vibrations. The peaks present
at 3319.49, 3299 and 3251.07 cm confirm the presence of
O-H band. The frequency present at 3099 cm™ was absent
due to presence of =C-O stretching. Whereas the spectra
(Figure 5.2 D-F) of OND-PVP K-30 SD binary system

Nancy Kahali, Jasmina Khanam, Himadrija Chatterjee

(1:1, 1:3 and 1:5 w/w) showed C-H stretching at 2947.23,
2945.77 and 2920.12 cm™ respectively. C=0 band were
observed at 1621, 1639.10 and 1620.99 cm™ respectively
in case of OND-PVP K-30 (1:1, 1:3 and 1:5 w/w) binary
systems. Major frequencies of shifting were observed in
both cases. From the above findings it can be concluded
that the solid binary systems have satisfactorily formed
inclusion complex in between drug and carrier.

20
o i 82.5
80 E A — -
o ) f H\ ‘ﬂl J 25 D)
60 1 fl f
50 4 .!I‘)‘I lLJr J\rﬁn 67.5
40 60 ﬁl
30 52.5 M M
20 4 !
10 - 45 |
37.5
00 82.54 \
b R B i
80 - \ B) s 75 ] A E)
70 -
67.5
wal AV \
{ “wI
g =] L
40 N e A A ruag oM
20 § = \ Ay Wi
20 4 45 4 '
10 -
37.5 4
90 - C) 75
go Y SN e~ F
67.5 v )
70 - f e
60 7 /\ I 60
50 - A\ i
0. \» ' X f« \ihﬁﬂ/ 52.5 _m"‘f-\/’
23 ‘ 45 3 B ¥ ¥ ot /\H’W J..npm,.ﬁf,/«"ﬂ
10 4 gy e e P 37.54 T 1 + ' + T T r
4500 4000 3500 3000 2500 2000 1500 1000 500 4500 4000 3500 3000 2500 2000 1500 1000 50(]

Wavenumber (1/cm)

Wavenumber (1/cm)

FIGURE 5.2 - FTIR spectra of a) OND-HPBCD 1:1 binary complex; b) OND-HPBCD 1:3 binary complex; ¢) OND-HPBCD 1:5
binary complex d) OND-PVP K-30 1:1 binary complex; €) OND-PVP K-30 1:3 binary complex; f) OND-PVP K-30 1:5 binary

complex.

FTIR spectra of (Figure 5.3 I) 30% PEG with pure
drug loaded patch showed characteristic peak at 1542
cm™ which denotes the presence of an aromatic group,
C=C and ketone (C=0) was present at 1733.69 cm'. At
719.6 and 670.2 cm™, strong conjugated phenyl group
was observed. At 1248 cm™and 1343.2 cm™! a strong
C-0O-C stretching and NO2 stretching were observed.
Strong CH3 bending and aromatic ring were observed
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at 1458.32 and 1542.53 cm™. In case of 40% PEG loaded
patch (Figure 5.3 II), NO2 and C-O-C stretching were
shifted approximately 3 and 2 cm™. The patches with
30% DBP with plain drug (Figure 5.3 I1I) showed strong
C-O-C stretching and NO2 stretch at 1241 and 1340.23
cm™ respectively. Characteristic peaks at 719.6, 870.2 and
1093 cm! indicates the presence of strong phenyl group.
In case of 40% and 50% DBP loaded patches (Figure 5.3
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IV and V) the peaks for phenyl group observed ~832.32
and 820.20 cm™ respectively. Whereas in case of 30% and
40% PEG with SD loaded patches a broader characteristic
peak at 3043.87 and 2945.77 cm™! showed presence of C-H
stretching (Figure 5.3 VI and VII). The characteristic
peak of C=0 group present in OND at 1622 cm! is shifted
t01639 cm™ and 1644.11 cm™. This indicates the partial
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complexation between drug and carrier. In contrast, the
characteristic peak (C-H stretching) of OND is absent
in 30%, 40% and 50% DBP with SD loaded patches and
C=0 group present in OND was shifted to ~79, 90 and
92 cm! respectively in each case (Figure 5.3 VIII-X).
This confirms the successful complexation between drug
and carrier and also the formation of amorphous matrix.
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FIGURE 5.3 - FTIR spectra of I) 30% PEG with pure drug loaded patch; IT) 40% PEG with pure drug loaded patch; III) 30%
DBP with pure drug loaded patch; IV) 40% DBP with pure drug loaded patch; V) 50% DBP with pure drug loaded patch, VI)
30% PEG with SD loaded patch; VII) 40% PEG with SD loaded patch; VIII) 30% DBP with SD loaded patch; IX) 40% DBP
with pure drug loaded patch; X) 50% DBP with pure drug loaded patch.
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Differential Scanning Calorimetry (DSC) study respectively (Salem, Lopez, Galan, 2001). The repeated
crystallization of OND and removal of impurities cause

DSC analysis is performed to determine the thermal shifting of endothermic peak from 186.44°C to 233.45°C.
stability as well as to observe the difference in heat flow From the DSC thermogram of solid dispersions
between the sample and the reference molecule. (Figure 6.1 a-f), it transpires that the peak of OND has
DSC thermogram of OND-HCI and OND (Figure 6 almost disappeared. This matter possibly highlights that the

a-b) showed sharp endothermic peak at 186.44 and 233.45°C drug is entrapped with PVP K-30 and cyclodextrin cavity.
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FIGURE 6 - DSC thermogram of a) OND HCI; b) OND.
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FIGURE 6.1 - Differential scanning calorimetry study of a) OND-PVP K-30 1:1 w/w SD; b) OND-PVP K-30 1:3 w/w SD; ¢)
OND-PVP K-30 1:5 w/w SD; d) OND-HPBCD 1:1 w/w SD; ¢) OND-HPBCD 1:3 w/w SD; f) OND-HPBCD 1:5 w/w SD.

Scanning electron microscopic analysis (SEM)

The surface morphologies of optimized SD, blank
patch, and SD loaded patches have been represented in
Figure 7.SEM morphology of OND-PVP K-30 (1:5 w/w)
solid binary system prepared by solvent evaporation method

Braz. J. Pharm. Sci. 2022;58: ¢191123

showed rough wrinkled surface (Figure 7 a). This is due to
homogeneous dispersion of drug within the carrier.

The surface morphology of blank patch (Figure
7 b) showed rough and irregular surface due to wide
distribution of agglomerated molecules of carriers in
the matrix.
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In 2011 Pattnaik and his co-workers observed the
spherulite formation of OND in presence of chloroform
as casting solvent. In the present study the pure drug loaded
patches with PEG and DBP showed rough matrix but no
spherulite formation (Figure7 c-d). Conversely, in case of
SD loaded patches (Figure 7 e-f), amorphous and smooth

Nancy Kahali, Jasmina Khanam, Himadrija Chatterjee

matrix was found which confirms the uniform distribution
of drug within the PVP K-30 and other polymers. The
smoothness of patches is due to the anti-nucleation property
of PVP K-30 which abolishes the crystallinity of drug.
This fact enlightens that the base form of OND reduces
crystallinity in presence of chloroform as casting solvent.

FIGURE 7 - Scanning electron micrographs of a) OND-PVP K-30 1:5 w/w SD; b) blank patch; ¢) pure drug loaded patch with
40% PEG; d) pure drug loaded patch with 50% DBP; e) SD loaded patch with 40% PEG; f) SD loaded patch with 50% DBP.

CONCLUSION

The novelty of the present work is to develop
SD loaded transdermal patch which enhances the
permeability of OND. After long survey done as yet,
no report is available on this current study. Thus, the
problems associated with oral dosage form can be
overcome and also the bioavailability problem can be
minimized. Moreover, it is helpful to overcome the
constraint of long term therapy. This matter explored
the detailed study on modification of drug and the
optimized patch obtained low moisture content (P6* with
DBP, 1.234+0.012%) as compared to PEG (2.41+0.04%),
produced low moisture absorption (2.10+0.031%, P6*
with DBP) in comparison to (2.79+0.046%, P6* with
PEG). Higher permeability coefficient is also found in
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case of P6* with DBP (0.12+0.02 cm/h). Improved drug
content is found in case of DBP loaded P6* (95.3343.78%)
as compared to PEG loaded P6* (92.1843.63%)). Statistical
analysis confirmed the methods statistically significant
(n<0.05). The formulations are validated by means of
various checkpoint analyses (FTIR, DSC and SEM)
to ensure the integrity of the outputs with respect to
pharmaceutical drug delivery system. Furthermore, DBP
loaded patch (P6*) indicates more potential antiemetic
effect than that of pure drug and P6* with PEG. From the
above findings it is concluded that P6* with DBP patch is
a promising candidate to fight against CINV and PONV.
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