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Abstract
The Transdermal patch of ondansetron was prepared bOndansetron is a potent antagonist of SerotoniH'(sa

using combination of HPMC, PVP, PVA and (ocenior which has been proved effective in prevenf
Eudragit in various ratios using Dibutyl chemotherapy and radiotherapy-induced nausea and
phthalate and propylene glycol as plasticizers,gmiting. Ondansetron hydrochioride has been used b

and oleic acid as a permeation enhancer. The 5 and  injectable administration. Ondansetron
prepared Transdermal of ondansetron were evaldated hydrochloride is rapidly absorbed orally, but exiggly

Thickness, - moisture uptake,tensile —strength, peércenmetapolized by the liver. It should be administeg
elongation, folding endurance, drug content, diios  nin pefore chemotherapy, and the orally administere
studies, percentage of drug release and compgtibihs  5htiemetic drug tends to be discharged by vomitig.
compared to other formulae OND-1 shows Dbestie contrary, intravenous administration rendericra
diffusion through the skin. o . effect to a patient, but the onset of effect is tapid to
Keyword : Transdermal, plasticizers, plasticizers, q5,se undesirable effects. In addition, it givetoeal

incompatibility. pain, and may cause an unexpected accident whien it

Introduction not perfectly preparedin this work an attempt was made
Chemotherapy-induced nausea and vomiting (CINVJ is o formulate and evaluate TDDS for sustained releas

common side effect encountered by cancer patient SH b vent " thod. L lecul iaht
during chemotherapy treatment. Ondansetron is a y solvent casting method. Low molecular weig

: ) : . good permeability, poor bioavailability (60%) arttbgter
serotonin subtype 3 (5-HT3) receptor antagonissius — £\ ve ™ e 5% of OsH made it a suitable drugdate
7

Research Article

CINV management. Ondansetron hydrochloride (OS) is
commercially available in oral and injectable forms for the development of Transdermal patch&he main
Orally administered OS undergoes extensive hefiassic ~ objective of formulating the Transdermal system was
pass metabolism, which accounts for its low prolong the drug release time, reduce the frequericy
bioavailability and short half-life [1-3]. The administration and to improve patient compliance.
chemotherapeutic agents produce nausea and vorpiting Advantages®*%*'*?

releasing serotonin from the enterochromaffin ceflthe 1. They can avoid gastrointestinal drug absorption
small intestine, and that the released serotonin th difficulties.

activates 5-HT3 receptors located on vagal effesréat 2. They can substitute for oral administration of

initiate the vomiting reflex. Therefore Ondansetid@l medication when that route is unsuitable, as with
works by blocking the reception of serotonin atsthé-  vomiting and diarrhea.
HT3 receptors. 3. They avoid thdirst-pass effect,

In the advent of modern era of pharmaceutical d@sag4. They are noninvasive, avoiding the inconvenieote
forms, transdermal drug delivery system (TDDS) parenteral therapy.

established itself as an integral part of novebdialivery 5. They provide extended therapy with a single
application, improving compliance over other dosage

4
system. Transdermal patches are polymeric formulations ’. - i
forms requiring more frequent dose administration.

which when applied to skin deliver the drug at a L ; .
predetermined rate across dermis to achieve systemlﬁ' The activity of a drugs having s short half-lie

effects. Transdermal dosage forms, though a costl)‘;Xtended through the reservoir of drug in the theudic

alternative to conventional formulations, are beicgm 3ellg/erytshystem and 'ts c?ntro_llefl :jeleas_gl. by reraf
popular because of their unique advantages. Cdedrol - rug therapy may be terminated rapidly by re a

absorption, more uniform plasma levels, improved t8heT?]ppIicati0n f.rlom ;he sg(;]l‘aggz of _‘[fhedskin. .
bioavailability, reduced side effects, painless aidple 9' T:y are ea&ygnf razl yl er}tlhle In em(ﬂr(?es. .
application and flexibilty of terminating drug ey are used for drugs with narrow therapeutic

administration by simply removing the patch frone th window. . . .
skin are some of the potential advantages of temsal Tec“”"g‘;g'es for developing transdermal drug delivey

5
drug delivery. systems . o .
The technologies can be classified in four basic
* Corresponding Author approaches.
Email : shailgpharma@gmail.com A. Polymer membrane partition-controlled TDD
systems:
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Oeclusive baseplate
Calumitnm fioil)

Absorhant pad Dmig-impermeable plastic backing

In this type of systems, reservs
sandwiched between a drug-
impermeable backing laminate and a rate controlling

polymeric membrane. (Fig.1)

the drug

Adhesive tim

Dirag reservoir
(drugfpolymer matei)

Drag-impermeable metallic

Dirug reservoir plastic laminate

Figure. 2: Cross-sectional view of polymer matrix
diffusion-controlled TDD systems.
The rate of release from polymer matrix drug disjoer-

Rate-cor.mo]hng type iS:'
polymenic membrate {IQ L{?‘ (:P I}P IJII. 2
Figure. 1: Cross-sectional view of polymer membrane dt =i T

permeation-controlled TDD systems

The drug is allowed to permeate only through the ra Where, Ld is drug loading dose initially dispersed in
controling membrane. The drug solids are polymer matrix

homogeneously dispersed in a solid polymer matrix,Cp is solubility of drug in polymer matrix

suspended in an unleachable, viscous liquid iumed pp s diffusivity of drug in polymer matrix

e.g. silicone fluid, to form a paste likespansion, or
dissolved in a releasable solvent e.g. alkyl altotm
form a clear drug solution. The

rate controlling

Only drug is dissolved in polymer matrix can rekas
CP is practically equal t€R.

Alternately, the polymer matrix drug

membrane can be either a micro porous or a nonporolyispersion-type TDD system can be fabricated by

polymeric membrane e.g. ethylene-vinyl atet
copolymer, with specific drug permeabilityn Ghe
external surface of the polymeric membrane a thired
of drug- compatible, hypoallergenic pressure safmesit
adhesive polymer e.g. silicone adhesive, may béegpin
provide intimate contact of TDD system with therski
surface. Varying the composition of drug reeer
formulation and the
thickness of rate controlling membrane can alterdtug
release rate. E.g. Some FDA approved systems
Transderm-Nitro for angina pectoris,

B. Polymer matrix diffusion-controlled TDD systems:

In this system, the drug reservoir is formed by
homogeneously dispersing the drug
hydrophilic or lipophilic polymer matrix, anthen the
medicated polymer formed is molded into metdida
disks with defined surface area and thickn@sss
drug reservoir containing polymer disk is then ntedn

on occlusive base plate in a compartment fabricated

from a drug-impermeable plastic backing.

Instead of coating adhesive polymer directly on
the surface of medicated disk, it is applied nglathe
circumference of the patch to form a swipadhesive
rim surrounding the medicated disk. E.g. Nitro-Dur
system and NTS system for angina pectoris.

permeability coefficient and

solids in a

directly dispersing drug in a pressure-sensitive
adhesive polymer, e.g. poly acrylate, and theating
the drug-dispersed adhesive polymer by solventinzast
or hot melt onto a flat sheet of a drug-impermeable
backing laminate to form a single layer of drug
reservoir. this vyields a thinner patch.E.g. Minitra
system, Nitro-Dur Il system for angina pectoris.

C. Drug reservoir gradient-controlled TDD systems:

_ Polymer matrix drug dispersion-type TDD
systems can be modified to have the drug fapdtvel
varied in an incremental manner, forming a gnaidie
of drug reservoir along the diffusion path cssr the
multi laminate adhesive layers. The drug redefasm
this type of drug reservoir gradient- controlled OX’D
systems can be expressed by:-

{JQ KF(,',J} Dg

dt ha (1) Li(ha)

In this system the thickness of diffusion path tiyio
which drug molecules diffuse increases with time,

i.e. ha (t). The drug loading level in the multi
laminate adhesive layer is designed to increase
proportionally i.e. Ld (ha) so as to compeas
time dependent increase n diffusion path assalt

of drug depletion due to release. Thus, themiéy

this should increase a more constant drug release
profile.
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E.g. Deposit system containing nitroglycerine fogiaa  and bio availability dosage forms which can be mass
pectoris. produced.

D. Micro reservoir dissolution-controlled TDD The goals of Preformulation studies are:
systems: [l To establish the necessary physicochemical

A hybrid of reservoir- and matrix dispersion- characteristics of a drug substance.
type drug delivery systems, which contains dugl To determine its kinetic release rate profile.
reservoir formed by first suspending the drug solidan [ To establish it's compatibility with different exsents.
aqueous solution of water-miscible drug solubilizeg. Hence, Preformulation studies on the obtained sampl
propylene glycol, then homogeneously dispersinge th of drug include color, taste, solubility analysiselting
drug suspension, with controlled aqueous $litlybin point determination and compatibility studies.
a lipophilic polymer, by high shear medeah Characterization of Ondansetron Hydrochloride:
force, to form thousands of unleachabierescopic  A. Melting point determination:
drug reservoirs. The melting point of Ondansetron hydrochloridas
determined by using melting point apparatus.
B. Spectroscopic studies:
a. IR spectrum interpretation:
The infrared spectrum of the pure Ondansetron
Hydrochloride sample was recorded and the spectral
is was done. The dry sample of drug was ttlirec
placed after mixing and triturating with dry potass

Cioclusive baseplate Alamitnan foam pad
(alummitiam fioil disc)

e bromide.
Adhesive rim ] : ! 15
hicroscopic dnllﬁ/reservmr
b. spectroscopy :
Folymer matrix |. Determination ofAmax

A 10mg of Ondansetron Hydrochloride was
) ] i i . accurately weighed and was first dissolved in
Figure.3: Cross-sectional view of a drug micro  35m| methanol solution. The solution was then diflt
reservoir dissolution-controlled TDD system. using phosphate buffer (pH- 7.4) to 100 ml. UV
E.g. Nitro disk system for angina pectoris. spectrums was recorded in the wavelength range 200-

The rate of drug release from this system is ddfine- 600 nm
e i S KEarDSipny (1 1 Il. Preparation of calibration curve for
4 DplarDiyghly | BS hy LB s Ondansetron hydrochloride

> A standard curve was prepared by dissolving 10 ing o
2. MATERIALS AND METHODS Ondansetron hydrochloride in 50ml of methanol. #sw
Ondansetron hydrochloride (OS) was a gift from Sunfurther diluted with phosphate buffer pH — 7.4 tget
Rise Pharma, India. Dibutylpthalate (DBP) and Oleic solutions inconcentration range of 4 to [ /ml. The
Acid were purchased from Ranbaxy Fine Chemicals Ltd absorbance  of  these solutions were determined
New Delhi. Ethyl Cellulose Pharma grade was a gift Spectrophotometrically at 305 nm.
sample from Colorcon Goa, India. Poly Vinyl
Pyrrolidone (PVP) and Poly Vinyl Alcohol (PVA) was C. Determination of solubility of Ondansetron
gift sample from Hi-Media Pharma Ltd, India. hydrochloridele
Chloroform were purchased from Merck Pharma Ltd, the ondansetron hydrochloride has very low aqueous
Mumbai. Menthol was a gift sample from Rankem fine go| pility. Its solubility is not reported in angfficial
chemicals Ltd, Mumbai. All other chemicals usedhe book, so determination of solubility is imeont.

study were of analytic reagent grade. The solubility was determined in distilled emtand
Methods o phosphate buffer pH 7.4. The procedure can be
Polymer matrix diffusion-controlled TDD systems: detailed as follows.
Preformulation studies: _ , Saturated solution of Ondansetron hydrochlorideaned

_ Preformulation testing is the first step in the \ging 10 ml. of distilled water/ phosphate buffét .4
rationale development of dosage forms of a drigcan iy 25 m| volumetric flasks in triplicate. Precautiovas
be defined as an investigation of physicald @ (axen so that the drug remains in medium inessc
chemical properties of drug substance, aloned a Tpep by using mechanical shaker, the flaskare

Wh_en_ in combined With_ excipie_nts._ The overall gnaken for 48 hours. The sampling was done24th
objective of the Preformulation testing is to gewer o gih hour. The sample withdrawn (1 ml after
information useful to the formulator in developistable
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filtration) was diluted with appropriate medium and designed as shown in fig 13 . The instrument was
analyzed by using UV spectrophotometer at 88band designed such that it had horizontal wooden platfor
303.5 nm for phosphate buffer and distilledteva with fixed scale and attachments for two clips thaids
respectively. transdermal patch under test. Out of the two cbps
FORMULATION OF TRANSDERMAL PATCHES was fixed and other was movable. Weights were
17.18 hanged to one end of pulley and the other efd
pulley was attached with movable clip. Theoden
combination were Platform was such fitted that it would not dislazat
in respective While the test is running. Three strips of pataiere
cut having 2cm length and 2cm breadth. The
thickness and breadth of strips were noted aethites
and average value was taken for calculation. Tate of
change of stress was kept constant with
increment of 0.5g per 2 minutes. The elomgativas
observed and the total weights taken wered ufr
calculation. The tensile strength was calculatedising
following formula:-

Preparation of blank patches:
Polymers of single or in
accurately weighed and dissolved
solvent and then casted in a Petri-dish with mgras
the plain surface. The films were allowed to dry
overnight at room temperature.

Formulation of Drug Incorporated Transdermal
Patches:

The matrix-type transdermal patches containing
Ondansetron HCI were prepared using different osati
of Hydroxy Propyl Methyl Cellulose (HPMC) ,
Polyvinyl Pyrrolidone (PVP), Eudragit and Potyi
Alcohol (PVA). The polymers in different rasiowere
dissolved in the respective solvents. Thendilug was
added slowly in the polymeric solution and stiroedthe
magnetic stirrer to obtain a uniform solution. Di-N
Butyl Phthalate (DBP) and Poly Ethylene Glycol
(PEG) were used as plasticizers. Oleic acids wa
used as the penetration enhancer. Then thgoso
was poured on the Petri dish having surface are&8 &

cm2

the

Applied force
Tensile stress (S) = =
Cross sectional area

mx g

bxt

where, S = tensile stress in 980 dyneg/cm
m = mass in grams

g = acceleration due to gravity (980 dyneﬁ):m

b = breadth of strip in centimeters

t = thickness of strip in centimeters

The strain is change resulting in size of striperatihe
force was applied to its original

size. Therefore, the strain can be given as,

and dried at the room temperature. Then the
patches were cut into 2x2 Z‘mpatches. Drug

incorporated for each 2x2 gmpatch was 14.5 mg. the
formulation table is given in table no. 1.
D. Evaluations of films

a. Physical evaluations
19

1. Thickness
The thickness of films was measured by digital arn

calipers with least count 0.001mm. The thickness o e | =
uniformity was measured at five different sites and i
readings was taken with standar

average of five

deviation.
18

2. Moisture uptake
The percent moisture absorption test wasiechrout
to check the physical stability and integritytbé films

at high humid conditions. In the present study the Strain (B)z —————— % 100 =
moisture absorption capacities of the films were

determined in the following manner. The films wer
placed in the desiccators containing
solution of aluminium chloride, keeping the hurtydi
inside the desiccators at 79.5 % R.H. After 3 days
films were taken and weighed the percentagésture
absorption of the szIms was found.

3. Tensile Strength

The tensile strength was determined by the apparatu

saturated Where,

Total elongation
Strain (E) = =
Original length Lo

L-Lo

length after force was applied
0 = original length

4. Percent elongation
The percent elongation at break was measured byutar
given below:

Total elongation L-1Ly

x 100

Original length Ly

L = length after force was applied

LO = original length
21
5. Folding endurance

Using an apparatus designed in laboratory,
folding endurance test for films was performed
The disintegration apparatus was modifigsl a
folding endurance apparatus. The apparatus
consists of two clamps for holding the fill@ut
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of two clamps, one clamp was fixed while other
was moving. The clamps were able to move 5cm
distance from each other at speed of 30 rpm. The
film was attached in such a way that when clamps
were at maximum distance the film will be slightly
stretched. The apparatus was put on and allowed to
run until film broke into two pieces. The folding
were counted bzg rpm.

6. Drug content

The patch of area 2x2 gmwas cut and dissolved in
distilled water. Then solvent ethanol and
dichloromethane, to make polymer soluble, wadded
to the mixture and the remaining volume waade
up with distilled water to 100ml in 100mllumetric
flask. Then 1 ml was withdrawn from thewmn and
diluted to 10ml. The absorbance of thdutsan was
taken at 303.5nm and concentration whzilzded.
By correcting dilution factor, the drug content was

calculated.
17

7. Weight variation

The three disks of 2*2 c?nvas cut and weighed on
electronic balance for weight variation test. Thst twas
done to check the uniformity of weight and thusathe

the batch- to- batch variation.
23

D. Diffusion studies

Preparation of skin

A full thickness of skin was excised from dorsdk sif
dead rat and skin was washed with water. The fatty
tissue layer was removed by using nails of fingers.
The outer portion with hairs was applied with
depilatory and allowed to dry. With the help of wet
cotton the hairs were scrubbed and washed with @orm
saline solution. The skin was kept in normalinsa
solution in refrigerator until skin was usefibr
diffusion study. Prior to use, the skin was allowted
equilibrate with room temperature. Then skin was
mounted between donor and receptor compartroént
cell. The skin was clamped in such a way that th
dermal side will be in contact with receptor medium A,
Diffusion cell

The diffusion studies were done to get an idea of
permeation of drug through barrier from the
transdermal system. In vitro studies are also dimne
TDDS development. Usually, two types of diffusi],
cells are used as horizontal and verticae Franz and
Keshary Chien (K-C) type of diffusion cells are of
horizontal type of cells. In this work, K-C type of
diffusion cell was used. Diffusion cells generally
comprise two compartments, one containing the activ
Compartment (donor compartment) and théhero
containing receptor solution (receptor cortipant),
separated by barrier i.e. rat abdomirskin. The

cell consisted of sampling port and temperature
maintaining jacket. The outlet and inlet was comegc
with latex tube so the jacket had stagnant watsidén
and heat was provided by hot plate. The stsgnkeel
pin was used to stir the receptor solutiomais
magnetic stirrer. The rat abdominal skin was plaoced
receptor compartment and both compartments hed tig
by clamps

Dionor compartment

\\\

Transdermal patch L
S =
Diffusion barier — %

Eeceptor
| compamment

|
|

Samnpling port

Water — T
outlet

Phosphate _ Owter glass jacket

buffer(pH 740

_—Mdagnet

[ ——

Water .
miet

Figure 4 : Keshary Chein diffusion cél
Phosphate buffer pH 7.4 was used as receptor eoluti
The volume of diffusion cell was 10 ml and stirneith
bent stainless steel pin. The temperature was aiaet
at 37 + 1°C with the help of hot plate. The diffusiwas
carried out for 10 hours and 1 ml sample wasadvawn
at an interval of 1 hour. The same volunmiglwsphate
buffer pH 7.4 was added to receptor compartment to
maintain sink conditions and the samples werelyzed
at 305.5nm. Other designs of diffusion calgmt are
in existence include Valia-Chien (V-C) cellh&nam-
Chien (G-C) cell, Jhawer-Lord (J-L) Rotating dis
system, etc.

3.Results and Discussion

Six formulations of Ondansetron HCI transddrma
patches were formulated using different polymagios,
the composition of which is shown in tale The
prepared formulations are shown in figuréhe
formulations are subjected to evaluationrapeeters
like thickness, drug content, folding erahce,
tensile strength, %  elongation, %  moisture
absorption, IR studies, ex-vivo permeation tsid
Preformulation studies

a. Melting point determination: The melting points were
found to be in the range of 178° to 179°C. The rgub
melting point is 178.5° to 179.5°C.

b. Spectroscopic Studies:

The spectra showed no incompatibility betwe
the polymer and Ondansetron HCI drug. Thecta
of the formulation F1 and the pure drug igegiin the
spectra 1 and 2 respectively.

2. Determination ofAmax

The spectrum obtained is shown in the figure 5. The
peak showed in the figure is much similar to thgoreed
peak.

3. Calibration curve of Ondansetron HCI
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The absorbance values obtained, are shown in fable

4. Conclusion :

Using concentration and absorbance data, a beer and’he Transdermal Patches were prepared by solvent

Lambert's plot was obtained. The plot is given the
figure 6.
c. Solubility determination:

The solubility of Ondansetron hydrochloride was plasticizers

determined and found very less as 78.94/ml in
phosphate buffer. The solubility in distilled watemas
found more than that in phosphate buffer.

B. Physical evaluation:

1. Thickness:

The thickness of the films varied from 0.025 to4®0
mm. The values obtained for all the formulationgiigen
in the Table 11.

2.Moisture uptake: The formulation OND 5
(HPMC:PVP 7:3) showed lowest percent moisture
absorption than other formulations. This might be
because of the low water permeability of ethyl
cellulose polymer. The values for the moisture kpta
has been given in the Table 11.

3. Tensile strengthThe tensile strength was found to be
in the range of 0.76 to 0.59. The formulation OND
showed the best tensile strength. The valieesall
the patches is tabulated in the Table 11.

4. % Elongation:

The % elongation was found to be in thegearof.
The formulation OND 1 showed minimum %
elongation among all the other patches 15.25 %.5%30
%.The results obtained for all the formulations is
tabulated in the Table 11.

5. Folding Endurance:

The folding endurance was found to be & tange of
71 +£0.9 to79 + 3 The values for all sixfadations

is given in the Table 11. This data revealed tle t

casting method using combination of HPMC,
PVP, PVA and Eudragit in various ratios usin
Dibutyl phthalate and propylene glycol as
and oleic acid as a permeation
enhancer.As compared to other formulae OND-1
shows best diffusion through the skin. Treatment
can be terminated if required which is not possible
in oral dosage form. It may be noticed by IR study,
there is no incompatibility between drug and
polymers.Therefore, it was concluded that our
formulae could be very promising transdermal
alternative for the treatment of Nausea and
Vomiting.
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[able 1. Formulation table of Ondansetron HCI Patcles

) Polymer Polymer Polymer o Oleic
Formulation Plasticizer ] solvent
PVP/PVA RLPM/RSPM HPMC/PVP Acid
OND-1 7.3 - - PG(10%)| 10% WAT.
OND-2 55 - - PG(10%) 10% WAT.
OND-3 - 55 - DBP(5%)| 10%| ACE.
OND-4 - 7.3 - DBP(5%)| 10%| ACE.
OND-5 - - 7.3 DBP(5%)| 10%| CHg¢l
OND-6 - - 6.4 DBP(5%)| 10%| CHgl
Table 2: Standard Calibration Curve Of OndansetronHCL
Sr. No. Concentratio Absorbance
n (ug/mi)
1 0 0
2 4 0.255
3 6 0.340
4 8 0.452
5 10 0.570
6 12 0.600
I 14 0.819
8 16 0.931
Table-&i8bilityDataForOndasetronHcl
Solubility medium Time Duration Solubility (ug/ml)
24 hours 55.03 +4.25
Distilled water
48 hours 76.94 £ 0.93
Buffer pH 7.4
24 hours 78.5+1.48
48 hours 93.13+1.8
(C)Int. J. of Drug Discovery & Herbal Research 659
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Figure 1: Formulated Ondansetron HCI patches
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Figure 2: UV spectrum for Ondansetron HCI
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Figure 3: Calibration curve of Ondansetron HCI Figure 4: Ex vivo diffusion study of OND R
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Figure 8: Higuchi’s plot for OND
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Table 11: Physicochemical evaluation data of Ondartron HCI Transdermal patches

Formulation Thickness Weight % Drug Content Folding Tensile | % Elongation| % Moisture
code (mm) Variation (mg) = +SD Endurance Strength Absorption
+SD SD +SD
OND 1 0.036 +1.3 66.89+1.2 93.55+0.2 76+1 0.76 15.25 % 45%
OND 2 0.025+1.4 65.05+ 1.6 93.82+0.4 76 +2 0.75 22.89 % 5.07 %
OND 3 0.029+15 62.50+1.8 95.08 £+ 0.3 793 0.67 30.5% 4.8 %
OND 4 0.033+1.6 66.55+1.6 95.90+04 71+0.9 0.71 23.86 % 35%
OND 5 0.045+1.2 63.45+1.9 92.66 + 0.5 771 0.63 29.56 % 5.18 %
OND 6 0.048+1.8 65.24+1.8 95.16 + 0.6 78+2 0.59 20.54 % 3.9%
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