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Introduction
A TDS is proposed to release the medicine into systemic 
circulation through skin to cure disorders in locations far 
away from the site of application. Exact shape and size of 
TDS are available for systemic action and are proposed 
for the treatment or prevention of systemic disease. 
Medicine released from the TDS is absorbed through skin 
into blood circulation and reached to target tissues to 
achieve a therapeutic effect.[1] TDS has many merits over 
conventional dosage forms; it will improves bioavailability, 
enhance therapeutic efficacy, avoid limitations of first-pass 
effect, and maintain steady plasma level of medicine.[2,3] 
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The purpose of this research was to prepare and evaluate drug-in-adhesive type patches of rotigotine 
using dot-matrix technology, which is the new generation of drug-in-adhesive transdermal delivery 
system  (TDS) that deliver drug therapy through less patch surface area and without compromising 
adhesion. Preformulation studies, like solubility in permeation enhancers, compatibility study, transmission 
study, uptake study, and crystallization study of rotigotine in various pressure-sensitive adhesive (PSA) 
polymers were performed. Transdermal system was prepared by solvent casting method. Central composite 
design (CCD) was chosen for optimization of the formulation. Design of experiment (DoE) was used to 
study the impact of critical formulation parameters, like silicone adhesive concentration, povidone K29/32 
concentration, and propylene glycol concentration. Crystallization study of rotigotine in different PSAs 
suggested that crystal inhibitor is required to load drugs above 5%. Selection of optimum batch was made 
using a constraint-based graphical optimization technique. The optimum batch exhibited desired in vitro 
adhesion parameters, like peel, tack, shear, and permeation rate, which is suitable for 3 days’ wear properties 
and desired permeation rate. The optimum batch was evaluated for appearance, weight of matrix, thickness, 
% assay of drug content, in vitro adhesion testing, cold flow study, and ex vivo skin permeation studies. 
Backing film Scotchpak 9730 and release liner Scotchpak-1022 was selected based on transmission and 
uptake study of rotigotine. Stability study indicates that developed formulation remains stable. The present 
research confirms the feasibility of developing rotigotine transdermal system using novel technology.
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A B S T R A C TA R T I C L E  I N F O

There are mainly two types of TDS, matrix type and 
reservoir type. Matrix type TDS contains drug in PSA, while 
reservoir type system may contain drug in solution or in 
PSA, but there is the rate-controlling membrane to manage 
the delivery of medicine.[4,5] Dot-matrix technique delivers 
the desired dose in low concentration and also reduces 
the size of the patch. Dot-matrix technique produces 
particles of drug-loaded polymer with very large surface 
area forming concentrated drug microcells in the polymer, 
which can hold a large amount of drug. This technique 
utilizes two polymers, i.e., acrylic polymer and silicone 
polymer. Firstly a highly concentrated drug solution is 
solubilized in acrylic polymer, and then the above solution 
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is mixed with silicone polymer. The concentrated drug 
microcells of acrylic polymer are formed in the silicon 
polymer, and a high concentration gradient of drug is 
produced, causing efficient diffusion across the skin, so 
the size of the patch formulated remains very small, as 
compared to ordinary transdermal drug delivery systems 
(TDDS) patch.[6-10] Rotigotine is a nonergolinic dopamine 
D3/D2/D1 receptor agonist delivered via a TDS, and has 
been evaluated for the treatment of idiopathic Parkinson’s 
disease.[11] A transdermal patch formulation of the 
non-ergolinic dopamine agonist rotigotine (Neupro®) 
is indicated as monotherapy for the treatment of early 
Parkinson’s disease and as combination therapy with 
levodopa throughout the course of the disease.[12] Neupro® 
transdermal patch of rotigotine is available as one-day 
application. The basic component of TDS is a backing film 
to support the adhesive matrix, PSAs as matrix to control 
the release, and provide adhesion properties to patch, 
rate controlling membrane for reservoir type patch, and a 
release liner to protect the patch during storage.[13] In the 
present research study, dot-matrix technology was adopted 
for the development of TDS. Various preformulation 
studies, like solubility of the drug in various solvents and 
permeation enhancers, transmission and uptake study, 
drug-excipient compatibility study, and crystallization 
study in different type PSA were performed. CCD was 
chosen for the optimization of the formulation. DoE is used 
to study the impact of critical formulation parameters, 
like silicone adhesive concentration, povidone K29/32 
concentration, and propylene glycol concentration. 
Selection of optimum batch was done using constraint-
based graphical optimization technique. The optimum 

batch exhibited desired in vitro adhesion parameters, like 
peel, tack, shear, and permeation rate, which is suitable for 
3 days’ wear properties and desired permeation rate. 
The optimum batches were tested for appearance, 
weight of matrix, thickness, % assay of drug content, 
in vitro adhesion testing, cold flow study, and ex vivo skin 
permeation studies, and stability study.

Materials and Methods

Materials
Rotigotine was obtained as gratis from Zydus Cadila, 
Ahmedabad, India. PSA: Bio PSA 4302 and Bio PSA 4202 
were obtained as a gift sample from Dow Chemicals. 
PSA: Durotak 87-2054 and Durotak 6908 were obtained as 
a gift sample from Henkel (Drogenbos, Belgium). Human 
cadaver skin samples were obtained from Science Care Inc. 
(Philadelphia, USA). Propylene glycol, ascorbyl palmitate, 
and α-tocopherol were supplied by Finar Chemical 
Corporation Pvt. Ltd. (Ahmedabad, India). Povidone 
K29/32 was received from ISP Technologies. Scotchpak 
9730, Cotran 9720, Scotchpak 9757, and Scotchpak 1109 
were obtained from 3M India Limited (Mumbai, India). 
Fluoropolymer coated release liner Scotchpak 1022 was 
received as gift samples from 3M India Limited (Mumbai, 
India). PET film XL was supplied by Kaygee-Loparex India 
Pvt. Ltd. (Gujarat, India). Other analytical grade chemicals, 
solvents, and reagents were used.

Fabrication of Rotigotine Drug in Adhesive Patches 
(Dot-Matrix Technology)
The required quantit y of ascorbyl palmitate and 
α-tocopherol were dissolved in ethyl acetate and 
dehydrated alcohol. Ascorbyl palmitate and α-tocopherol 
were used as antioxidant in formulation. Povidone K29/32 
was added slowly under stirring. Mix for 10 minutes under 
200  rpm. Precisely weighed rotigotine was added and 
dissolved under mixing. Durotak 2054 (acrylate adhesive) 
was added slowly and mix it for 10 minutes under stirring 
200 rpm. Bio-PSA 4302 (silicone adhesive) was added under 
mixing to get a uniform mixture. Permeation enhancer 
(propylene glycol) was added and mixed for 10 minutes. 
All formulations were kept at ambient room temperature 
for 24  hours to achieve equilibrium. Blend was coated 
on fluoropolymer coated surface of release liner with 
uniform thickness to achieve 100  dry GSM in Mathis-I 
lab coater for 20  minutes at 80°C. Dried sheets were 
laminated with backing film using Benchtop laminator 
(LL-100-A, Cheminstruments). Prepared laminates were 
die cut using 10 cm2 die. Die-cut patches were pouched in 
paper pouches and stored at controlled room temperature 
till further evaluation. A total of 17 formulations were 
made with different concentrations of silicone adhesive 
(Bio-PSA4302), povidone K29/32, and propylene glycol, as 
given in Table 1. For all the formulation, the concentration 
of ascorbyl palmitate and α-tocopherol were kept 0.02 and 

Table 1: Formulation variables and their levels for CCD

Batch code X1 X2 X3

RT 1 -1 -1 -1

RT 2 1 -1 -1

RT 3 -1 1 -1

RT 4 1 1 -1

RT 5 -1 -1 1

RT 6 1 -1 1

RT 7 1 1 1

RT 8 1 1 1

RT 9 -1.68 0 0

RT 10 1.68 0 0

RT 11 0 -1.68 0

RT 12 0 1.68 0

RT 13 0 0 -1.68

RT 14 0 0 1.68

RT 15 0 0 0

RT 16 0 0 0

RT 17 0 0 0
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0.09, respectively. Durotak 2054 were added 1:9 ratio to 
required concentration of silicone adhesive. Rotigotine 
concentration in all formulations was 9%. Schematic 
diagram for fabrication of rotigotine TDS is given in Fig. 1.

Experimental Design
A CCD was selected in the optimization of the formulation. 
In t he present invest igat ion,  s i l icone adhesive 
concentration (X1), povidone K29/32 concentration (X2), 
and propylene glycol concentration (X3) were selected as 
independent variables. The peel (g/mm), tack (g/mm²), 
shear (minutes), and flux (µg/cm2/hr) were selected 
as dependent variables to define design space. The 
experimental design with corresponding compositions 
is outlined in Tables 1 and 2. Experiment sequence was 
generated and randomized using Design Expert® ver. 12 
(Stat-Ease Inc., Minneapolis, MN 55413) software to avoid 
any bias. A total of 17 experiments were designed by the 

software with 3 center points. Table 3 lists the studied 
responses and their constraints. 

Statistical Analysis
The statistical analysis of CCD design batches was 
performed by Design Expert® ver.  12 (Stat-Ease Inc., 
Minneapolis, MN 55413) software. All statistical analyses 
regarding DoE batches were performed using the same 
software. Response surface plots and overlaid contour 
plots were generated using the same software.

Evaluation of Rotigotine Transdermal Patches

Preformulation Studies
Solubility studies were carried out by preparing a saturated 
solution of drug in different permeation enhancers and 
solvents. In the drug-excipient compatibility study, the 
drug was mixed with various excipients in 1:1 ratio. This 
mixture was kept in glass vials then properly capped and 
sealed with teflon tape. Two vials of each mixture were 
put at controlled room temperature (25°C) and in the 
hot air oven at 40°C for one month period. Transmission 
study was done in order to check the permeability of the 
drug through backing film and liner. This study is critical 
in the selection of the backing film and release liner. If 
the drug is permeable through any of these, it may cause 
formulation error, and drug content in final formulation 
may decrease as some drug may leach or transmit through 
backing or liner during the formulation. A saturated 
solution of rotigotine was prepared in propylene glycol. 
Several pieces of backing film/ release liners were cut 
of 12.56  cm2 size and applied on Franz diffusion cell. 
The donor cell was then mounted on above it, and the 
two cells were clamped tightly so that the backing film/ 
release liners mounted on the receptor was sandwiched 
between the donor and the receptor cells. The receptor cell 
of the diffusion cell apparatus was filled with phosphate-
buffered saline pH  7.4. 2  mL of a saturated solution of 
rotigotine was filled in the donor compartment using a 
syringe. A magnetic stirrer was used to keep the receptor 
media under stirring. The temperature was maintained at 
40°C. The receptor phase was sampled at initial, 24, 48, 
96, 120, and 168 hours, and the withdrawn samples were 
analyzed for rotigotine content. Uptake study was done 
in order to check the percent drug uptake or absorbed by 
backing and release liner. For uptake study, a saturated 
solution of rotigotine was prepared in propylene glycol. 
Several 1  cm2 pieces of backing films/ release liners 

Table 3: Studied responses and their constraints

Responses (dependent variables) Constraints (goal)

Peel (g/mm) > 20

Tack (g/mm2) > 10

Shear (minutes) > 80

Flux (µg/cm2/hr) > 8.1

Table 2: Translation of coded levels into actual values of 
independent variables

Coded 
levels

Actual values

Silicone adhesive 
concentration 
(X1)

Povidone K29/32 
concentration 
(X2)

Propylene glycol 
concentration 
(X3)

-1 70% 1% 2%

0 80% 3% 4.5%

1 90% 5% 7%

-1.68 63.18 0 (-0.36) 0.29

1.68 96.82 6.36 8.7

Fig. 1: Schematic diagram for fabrication of rotigotine TDS
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were cut and immersed in rotigotine-propylene glycol 
solution, and stored at 40°C/ 75% relative humidity (RH) 
and 25°C/ 60% RH. The backing film/ release liner was 
sampled at the interval of 2, 4, and 6 weeks. The sample was 
wiped carefully and analyzed for rotigotine content. For 
crystallization study, patches were prepared with different 
concentrations of rotigotine, and stored at different stability 
conditions as follows: freeze-thaw cycle, accelerated 
stability, 90% RH, and controlled room temperature for  
60 days. 

The final transdermal patches were evaluated for 
appearance, the weight of matrix, thickness, % assay of 
drug, in vitro adhesion testing, cold flow study, and ex vivo 
skin permeation studies.

Appearance
Prepared TDSs were inspected for appearance visually.

Matrix Weight Variation
The total weight of each patch was taken individually, and 
the weight of the matrix was calculated by removing the 
tare weight of release liner, backing film, and mean value 
calculated.[14] 

Thickness of Patch
The thickness of the patch was measured using a 
micrometer at five different places of patch, and mean 
values were calculated.[15] 

Rotigotine Content by High-Performance  
Chromatography (HPLC)
The reverse-phase HPLC method was used for the 
determination of rotigotine in presence of its degradation 
products. The analysis of samples was carried out using 
hypersil BDS C18 column. The mobile phase comprised of 
0.01 N potassium dihydrogen orthophosphate (adjusted 
to pH 4.8 with OPA solution), acetonitrile (45:55 v/v) at a 
flow rate of 1 mL/min. The flow rate was maintained at 
0.4 mL/min, and detection wavelength was 225 nm, using 
PDA detector.[16]

In vitro Adhesion Testing (Peel, Tack, and Shear)
In  vitro adhesion property of patch is characterized by 
peel strength (minimal force which takes to remove the 
patch from its surface), shear strength (the patch applies a 
resistance against the flow/ detachment) and tack strength 
(the property of the patch to form bond with the contact 
surface under light pressure and brief contact).[17-19] 

Tack is the early physical bonding of patch onto the skin 
normally occurs in few  seconds. Peel strength of patch 
was measured using LLOYD instrument. The test patch 
is attached to the steel plate after removing release liner. 
The patch should be adhered to the steel plate in such a 
way that about a 1-inch portion of the patch should not 
adhere to the plate. Now, roll the roller on it for two-three 
times. Allow it to stand for 1-minute. Fix the steel plate 
on instrument and attach the 1-inch portion on the upper 

jaw. Peel at 180° using crosshead speed -300 mm/min and 
load cell-50 Newton. Report the average peel adhesion of 
five measurements in g/mm using the width of TDS. Tack 
was measured using Lloyd (AMETEK) instrument. One 
patch was taken and cut it to size of 1-inch square. Release 
liner was removed and applied on test panel such way 
that the adhesion side remain upward direction towards 
hole. Machine was started at a speed of 610 mm/min to 
bring contact of probe to adhesive side of patch. After 
1-second contact time, removed probe from adhesive at 
the same speed. Note down force (maximum) required 
for removing the probe from patch. Shear was measured 
using Chem.  Instrument (10 bank shear tester). Patch 
was cut of 0.5-inches width. Patch was adhered on to 
the stainless steel plate up to 0.5-inches mark portion of 
release liner. Roll the roller on it, and allow it to stand for 
15 minutes. The other end was attached with hook, and 
after completion of required dwell time, 100 grams weight 
was hanged on the hook. The time required to fall down 
the patch was measured.

Cold Flow Study of Rotigotine Patch
Cold f low is the movement of adhesive outside the 
borders of TDS during storage. Cold flow was measured 
by microscopical method by viewing the patch under 
microscope at initial and after 1-month, when stored at 
40°C/ 75% RH.[20-22]

Ex vivo Permeation Study of Rotigotine Patch
Hairless human cadaver skin is used for permeation 
studies. Dermatomed of human cadaver skin was received 
from vendor. Dermatomed of human cadaver skin was 
dipped in hot water for 2 to 3  hours at 55  ±  5°C. After 
2 to 3  hours, human cadaver skin was removed from 
hot water, and stratum corneum of skin was separate 
from dermatomed skin using a cotton swab. Separated 
stratum corneum was dried overnight at controlled 
room temperature. After drying of the excised stratum 
corneum, it was stored at 2 to 8°C till further used. The 
ex vivo permeation study was performed using modified 
Franz diffusion cell on excised stratum corneum of skin. 
The excised stratum corneum was cut into size of 2 cm2, 
using die cutter, and placed between the receptor and 
donor compartments so that the dermal side of the skin 
faced the receiver fluid. The release liner was removed 
from the patch (patch size: 10  cm2 and API per patch 
was 9 mg) and applied on the excised stratum corneum. 
Specified volume of diffusion medium (phosphate buffer 
with pH 7.4) was filled into the Franz diffusion cell. Franz 
diffusion cell was placed on magnetic stirrer, and a small 
magnetic bead was added and stirred the content under 
500 rpm to keep them well mixed. The aliquots of diffusion 
medium were removed at specified sampling points and 
filtered through Whatman® filter grade 41. Amount of drug 
was determined by HPLC using appropriated method, as 
discussed. Same volume of fresh diffusion medium after 



Formulation Development of Rotigotine TDS

Int. J. Pharm. Sci. Drug Res. July-August, 2020, Vol 12, Issue 4, 404-414 408

each removal was reinstated into the diffusion cell to 
maintain sink condition. The study was continued up to 
72 hours. Each study was carried out on three skin (n = 3), 
and mean flux was calculated.[23-25] 

Stability Study
The optimized formulation of rotigotine TDS was pouched 
in paper pouch (41  GSM paper/ 17 GSM low density 
polyethylene (LDPE)/ 9 µ Al/ 35 GSM LDPE), and kept at 
25°C/ 65% RH and 40°C/ 75% RH, for 3 months. Various 
stability tests, like appearance, assay, related substances, 
in vitro adhesion, and cold flow of patches were performed 
at different time points.

Results

Effect of Factors on the Responses
Effect of silicone adhesive concentration (X1), povidone 
K29/32 concentration (X2), and propylene glycol 
concentration (X3) on various measured responses was 
summarised in Table 4.

In vitro Adhesion Testing (Peel, Tack, and Shear)
Results of in vitro adhesion testing (peel, tack, and shear) 
are mentioned in Table 4. ANOVA results and regression 
coefficients of measured responses are given in Tables 5 
and 6. 

Response 1: Peel 
The peeling-off plays a crucial role as the higher the peel 

adhesion, the more painful the removal. Peel resistance 
should not be assumed as an expression of the strength 
of the adhesive bond because this parameter does not 
necessarily relate to the intrinsic adhesiveness. The 
detachment is a complex process that involves the 
extension and bending of the patch matrix, and the backing 
layer prior to the separation. The impact of silicone 
adhesive concentration, povidone K29/32 concentration, 
and propylene glycol concentration on peel strength 
was studied, and the obtained responses were given in 
Table 4. The quadratic model with F value of 3.87 implies 
that the model was significant. The model p value was 
0.0441 indicated that the model terms were significant. 
p values for silicone adhesive concentration was 0.0219, 
for povidone K29/32 concentration was 0.0437, and for 
propylene glycol concentration was 0.0764. The regression 
coefficient value R2 value was 0.8326, and adjusted R2 
value was 0.6173 indicated that there were  minimum 
variations in the experimental model. The polynomial 
equation in terms of coded factors was used to make 
predictions about the peel value of patch for given levels 
of each factor.

Peel = +29.30 + 3.86 × X1 - 3.24 × X2 - 2.74 × X3 - 
0.5500 X1X2 + 0.2000 X1X3 + 2.25 X2X3 - 4.09 X12 + 

0.8613 X22 - 3.38 X32                      (1)
From the p values, two linear coefficients term X1, term 

X2, and one quadratic coefficient X12 were significant. The 
effects of factors on peel strength were presented in the 
form of response surface plots in Fig. 2.

Table 4: Matrix of experiments of CCD and measured responses

Batch code# X1 X2 X3
Peel
(g/mm)

Tack
(g/mm2)

Shear
(minutes)

Flux

(µg/cm2/hr)

RT 1 -1 -1 -1 29.8 8 105 6.3

RT 2 1 -1 -1 34.2 15 110 6.1

RT 3 -1 1 -1 21 9 110 7.1

RT 4 1 1 -1 22 11 120 6.5

RT 5 -1 -1 1 17 21 60 9.2

RT 6 1 -1 1 21 25 80 8.7

RT 7 1 1 1 16 15 100 10.1

RT 8 1 1 1 19 23 110 9.2

RT 9 -1.68 0 0 6 14 85 9.5

RT 10 1.68 0 0 30 23 105 8.5

RT 11 0 -1.68 0 38 21 75 7.5

RT 12 0 1.68 0 26 13 105 8.9

RT 13 0 0 -1.68 21 5 98 4.5

RT 14 0 0 1.68 19 19 70 10.1

RT 15 0 0 0 32.5 14 105 8.2

RT 16 0 0 0 27.5 15 95 8

RT 17 0 0 0 27.8 14 100 8.1
X1: Silicone adhesive concentration; X2: Povidone K29/32 concentration; X3: Propylene glycol concentration
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Response 2: Tack 
The impact of silicone adhesive concentration, povidone 
K29/32 concentration, and propylene glycol concentration 
on tack was studied, and the obtained responses were 

given in Table 4. The quadratic model with F value of 22.63 
implies that the model was significant. The model p 
value was 0.0002 indicated that the model terms were 
significant. p values for silicone adhesive concentration was 
0.0004, for povidone K29/32 concentration was 0.0039, 
and for propylene glycol concentration was  < 0.0001. 
The regression coefficient value R2 value was 0.9668, 
and adjusted R2 value was 0.9241; indicated that there 

Fig. 2: A) Contour plot of peel strength; B) 3D surface plot of peel 
strength

Table 6: Regression coefficients summary

Factors Peel Tack Shear Flux

Intercept 29.3 14.34 99.33 8.12

X1 3.86 2.65 5.76 -0.2842

X2 -3.24 -1.79 9.92 0.3628

X3 -2.74 4.73 -10.4 1.51

X1X2 -0.55 -0.125 -0.625 -0.1

X1X3 0.2 0.375 1.87 -0.075

X2X3 2.25 -0.625 6.87 0.025

X12 -4.09 1.46 0.5267 0.2581

X22 0.8613 0.9319 -1.24 -0.0247

X32 -3.38 -0.8359 -3.36 -0.3429

Table 5: ANNOVA summary output showing effect of independent factors on measured responses

Source 
Sum of 
squares Df 

Mean 
square F value 

p value 
prob > F Press R2

Adjusted 
R2

Predicted 
R2

Adequate 
precision 

ANOVA results for peel

Quadratic model 824.74 9 91.64 3.87 0.0441 1,177.91 0.8326 0.6173 -0.1891 6.9474

X1 203.85 1 203.85 8.6 0.0219 - - - - -

X2 142.93 1 142.93 6.03 0.0437 - - - - -

X3 102.22 1 102.22 4.31 0.0764 - - - - -

Residual 165.88 7 23.7 - - - - - - -

Lack of fit 150.15 5 30.03 3.82 0.2204 - - - - -

ANOVA results for tack

Quadratic model 500.9 9 55.66 22.63 0.0002 143.24 0.9668 0.9241 0.7235 18.4227

X1 95.62 1 95.62 38.88 0.0004 - - - - -

X2 43.79 1 43.79 17.8 0.0039 - - - - -

X3 305.05 1 305.05 124.03 < 0.0001 - - - - -

Residual 17.22 7 2.46 - - - - - - -

Lack of fit 16.55 5 3.31 9.93 0.094 - - - - -

ANOVA results for shear

Quadratic model 3,844.58 9 427.18 6.36 0.0117 3,332.14 0.891 0.7508 0.2278 8.3829

X1 452.78 1 452.78 6.74 0.0356 - - - - -

X2 1,343.48 1 1,343.48 19.99 0.0029 - - - - -

X3 1,478.35 1 1,478.35 22 0.0022 - - - - -

Residual 470.36 7 67.19 - - - - - - -

Lack of fit 420.36 5 84.07 3.36 0.2449 - - - - -

ANOVA results for flux

Quadratic model 37.08 9 4.12 55.96 < 0.0001 3.8 0.9863 0.9687 0.899 27.6609

X1 1.1 1 1.1 14.99 0.0061 - - - - -

X2 1.8 1 1.8 24.42 0.0017 - - - - -

X3 31.13 1 31.13 422.82 < 0.0001 - - - - -

Residual 0.5153 7 0.0736 - - - - - - -
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was minimum variations in the experimental model. The 
polynomial equation in terms of coded factors was used 
to make predictions about tack value of patch for given 
levels of each factor.

Tack = +14.34 + 2.65 × X1 - 1.79 × X2 + 4.73 × X3 - 
0.1250 X1X2 + 0.3750 X1X3 - 0.6250 X2X3 + 1.46 X12 + 

0.9319 X22 - 0.8359 X32              (2) 
From the p values, three linear coefficients term X1, 

term X2, and term X3, and one quadratic coefficient X12 
were significant. The effects of factors on tack strength 
were presented in the form of response surface plots in 
Figs 3 and 4.

Response 3: Shear 
The impact of silicone adhesive concentration, povidone 
K29/32 concentration, and propylene glycol concentration 
on shear was studied, and the obtained responses were 
given in Table 4. The quadratic model with F value 
of 6.36 implies that the model was significant. The model 
p value was 0.0117 indicated that the model terms were 
significant. p values for silicone adhesive concentration 
were 0.0356, for povidone K29/32 concentration was 
0.0029, and for propylene glycol concentration was 0.0022. 
The polynomial equation in terms of coded factors was 
used to make predictions about the shear value of patch 
for given levels of each factor.

Shear = +99.33 + 5.76 × X1 + 9.92 × X2 - 10.4 × X3 - 
0.625 X1X2 + 1.87 X1X3 + 6.87 X2X3 + 0.5267 X12 - 1.24 

X22 - 3.36 X32               (3) 
From the p values three linear coefficients term X1, 

term X2, and term X3 were significant. The effects of 
factors on shear strength were presented in the form of 
response surface plots in Figs 5 and 6.

Ex vivo Permeation Study (Flux)
Results of ex  vivo permeation study are mentioned in 
Table 4. ANOVA results and regression coefficients of flux 

are given in Tables 5 and 6. 

Response 4: Flux (Permeation Rate)
The impact of silicone adhesive concentration, povidone 
K29/32 concentration, and propylene glycol concentration 
on permeation rate was studied, and the obtained 
responses were given in Table 4. The quadratic model 
with F value of 55.96 implies that the model was 
significant. The model p value was < 0.0001 indicated that 
the model terms were significant. p values for silicone 
adhesive concentration was 0.0061, for povidone K29/32 
concentration was 0.0017, and for propylene glycol 
concentration was < 0.0001. The regression coefficient 
value R2 value was 0.9863, and adjusted R2 value was 
0.9687; indicated that there was  minimum variations 
in the experimental model. The polynomial equation in 
terms of coded factors was used to make predictions about 
permeation rate of patch for given levels of each factor.

Flux = +8.12 - 0.2842 × X1 + 0.3628 × X2 + 1.51 × 
X3 - 0.1 X1X2 - 0.075 X1X3 + 0.025 X2X3 + 0.2581 X12 - 

0.0247 X22 - 0.3429 X32            (4) 
From the p values, three linear coefficients terms X1, 

X2, and X3, and two quadratic coefficients A2 and C2 were 
significant. The effects of factors on permeation rate were 
presented in the form of response surface plots in Figs 7 
and 8.

Graphical Optimization of Measured Responses 
(Overlay Plot)
Design Expert ®

 ver. 12 (Stat-Ease Inc., Minneapolis, 
MN 55413) has in-built option for graphical optimization, 
which frames “design-space” based on given constraints 
for measured responses. Based on available data for 
in vitro adhesion testing and ex vivo permeation studies, 
“overlay plot,” as shown in Fig. 9, was obtained through 
graphical optimization. Design space is shown in 
yellow color. Independent factors with levels selected 

Fig. 6: 3D surface plot of shear; A) X1 and X2; B) X1 and X3;  
C) X3 and X2

Fig. 5: Contour plot of shear; A) X1 and X2; B) X1 and X3;  
C) X3 and X2

Fig. 4: 3D surface plot of tack; A) X1 and X2; B) X1 and X3;  
C) X3 and X2

Fig. 3: Contour plot of tack; A) X1 and X2; B) X1 and X3;  
C) X3 and X2
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within design-space yield desired results within given 
specifications. From the data, batches RT 15, RT 16, and 
RT 17 (80% silicone adhesive concentration, 3% povidone 
concentration, and 4.5% propylene glycol concentration) 
were found to be optimum batches.

Checkpoint Batches and Cross-Validation of DoE 
Model
Two ex per iment s were per for med at d i f ferent 
concentrations of silicon adhesive, povidone, and propylene 
glycol to check reliability of the model at values other than 
those used in experimental design. The experimental 
values and predicted values for each response were shown 
in Table 7. Bias or % relative error was calculated for each 
response, as per the following equation[26,27]: 

          (5)
From the data, it can be deduced that the equations 

satisfactorily demonstrate inf luence of formulation 
variables on the responses of the study due to fairly good 
agreement between the predicted and experimental values 
in both checkpoint batches.

Characterization of Optimum Formulation (RT 15) 
of Rotigotine TDS

Appearance
Patches of optimum formulation were rounded square-
shaped transparent release liner with tan-colored 
backing film. Upon removal of the transparent release 
liner, a uniform matrix layer on the backing is visible 
and substantially free of external particulate matter and 
bubbles.

Weight of Matrix Uniformity
The weight of matrix of all patches is uniform. The average 
matrix weight of patches was found at 101.15 ± 1.13 mg of 
10 cm2 (dry 100 GSM).

Thickness of Patch
The thickness of patch ensured uniformity of coating/ 
drying and lamination process. The average thickness of 
patches was found 223.08 ± 2.29 µm, including backing 
film and release liner (dry 100 GSM).

Rotigotine Content by HPLC 
The assay value ranges from 100.6 ± 1.1%. 

In vitro Adhesion Testing (Peel, Tack, and Shear)
In vitro adhesion testing of optimum batch was performed. 
The average peel, tack, and shear values of patches 
were found 32.5  ±  1.07  g/mm, 14  ±  0.89  g/mm2, and 
105 ± 2.61 minutes, respectively.

Cold Flow Study of Optimum Batch
The cold flow in optimum batch was found 3.5 ± 0.4% after 
1-month, when stored at 40°C/ 75% RH.

Ex vivo Permeation Study of Rotigotine Patch
Flux study was performed on three different skins. 
Mean cumulative penetration amount and mean flux of 
optimum batch was found 535.25  ±  25.47  μg/cm2 and 
8.1 ± 0.51 μg/cm2/hr, respectively, as per given Figs 10 
and 11. 

Fig. 9: Overlay plot showing design space for rotigotine TDS

Fig. 10: Cumulative penetration of optimum batch (RT 15) on three 
different skins

Fig. 7: Contour plot of flux; A) X1 and X2; B) X1 and X3;  
C) X3 and X2

Fig. 8: 3D surface plot of flux; A) X1 and X2; B) X1 and X3;  
C) X3 and X2
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Stability Study
Stability study of optimum batch RT 15 was performed at 
25°C/ 65% RH and 40°C/ 75% RH storage conditions up 
to 3 months. As per the stability plan, the patches were 
withdrawn and tested for appearance, % assay of drug 
content, related substances, in vitro adhesion, and cold flow. 
Stability results at controlled room temperature (CRT) and 
accelerated storage condition were found to be satisfactory 
for up to 3 months.

Discussion
In the present investigation, we have developed rotigotine 
TDS using dot matrix technology. Rotigotine patches 
were prepared using solved casting method. First of all, 
preformulation studies were carried out to select backing 
film, release liner, PSA, drug loading capacity in various 
PSAs. Solubility of rotigotine was found 73.5  mg/mL, 
20  mg/mL, and 12.8  mg/mL in propylene glycol, oleyl 
alcohol, and isopropyl palmitate, respectively. Rotigotine 
is freely soluble in ethanol and ethyl acetate. Drug 
excipient compatibility study did not show any significant 
change in assay and related substances, so rotigotine is 
compatible with various PSAs (DT-6908, DT-2054, and Bio 
PSA-4302) and permeation enhancers. For crystallization 
study, various patches were prepared with different 
drug concentrations in different PSAs. There was no 
crystal found in DT-2054 and Bio PSA 4302 up to 9% drug 

concentration in the presence of povidone K29/32. Backing 
film Scotchpak 9730 and release liner SP-1022 was not 
showing any transmission and uptake of rotigotine. Ratio 
of silicone and acrylate adhesive polymer was optimized 
by checking physical compatibility, and it is found to be 
compatible with 9:1 ratio of silicone and acrylate polymer. 
A CCD was selected for the optimization of the formulation. 
Silicone adhesive concentration (X1), povidone K29/32 
concentration (X2), and propylene glycol concentration 
(X3) were selected as independent variables. The peel 
(g/mm), tack (g/mm2), shear (minutes), and flux (µg/cm2/
hr) were selected as dependent variables to define design 
space. Impact of factor X1, X2, and X3 on peel (g/mm), 
tack (g/mm2), shear (minutes), and flux (µg/cm2/hr) were 
evaluated based on ANOVA results, contour plots, and 3D 
surface plots. For response: peel, it can be concluded that 
the individual factor X1: silicone adhesive concentration 
had a positive effect on peel strength of patch because of 
higher concentration of silicone polymer increases the 
peel, whereas factor X2: povidone K29/32 concentration 
had a negative effect on peel strength of patch because a 
higher amount of povidone K29/32 decreases the peel. 
Peel strength of patch is adhesive strength of patch, thus, 
adding silicone polymer increases the adhesive strength 
of patch, and povidone decreases the adhesion strength 
(Fig. 2).[28,29] For response: tack, it can be concluded that 
the individual factor X1: silicone adhesive concentration 
and factor X3: propylene glycol concentration had a 
positive effect on tack strength of patch because of higher 
concentration of silicone polymer and propylene glycol 
increases the tack, whereas factor X2: povidone K29/32 
concentration had a negative effect on tack strength 
of patch because higher amount of povidone K29/32 
decreases the tack (Figs 3 and 4). It is well known that an 
increase in PSA concentration increases the tack value 
of patch. Permeation enhancer (propylene glycol) has 
plasticizer effect due alteration of Tg value of the PSA of 
the system, so increase in tack value. For response: shear, 
it can concluded that the individual factor X1: silicone 
adhesive concentration and factor X2: povidone K29/32 
concentration had a positive effect on shear strength of 

Table 7: Comparison between experimental and predicted responses for checkpoint batches

Responses
Checkpoint 
batch

Factors Experimental 
(observed) 
values

Predicted 
values Bias (%)

X1: Silicone adhesive 
concentration

X2: Povidone 
concentration

X3: Propylene glycol 
concentration

R1: Peel
1 87.32 1.97 4.7 33.1 31.71 -4.39

2 78.87 2.35 4.72 28.7 29.59 2.99

R1: Tack
1 87.32 1.97 4.7 17 18.69 9.02

2 78.87 2.35 4.72 14 15.15 7.62

R1: Shear
1 87.32 1.97 4.7 95 97.63 2.69

2 78.87 2.35 4.72 100 94.16 -6.2

R1: Flux
1 87.32 1.97 4.7 8.1 8.16 0.75

2 78.87 2.35 4.72 7.9 8 1.31

Fig. 11: Penetration rate (flux rate) of optimum batch (RT 15) on 
three different skins
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patch because of higher concentration of silicone polymer 
and povidone K29/32 increases the shear, whereas factor 
X3: propylene glycol concentration had negative effect 
on shear strength of patch because a higher amount of 
propylene glycol concentration decreases the shear (Figs 5 
and 6).[30] Shear strength of patch is cohesive strength 
of patch. An increase in  silicone polymer and povidone 
increase the cohesive strength of patch while permeation 
enhancer (propylene glycol) decreases the cohesive 
strength as it has plasticizing effect. For response: flux, 
it can concluded that the individual factor X1: silicone 
adhesive concentration had a negative effect on permeation 
rate of patch because of higher concentration of silicone 
polymer decreases the permeation rate, whereas factor 
X3: propylene glycol concentration and factor X2: povidone 
K29/32 concentration had positive effect on permeation 
rate of patch because higher amount of propylene glycol 
concentration and povidone K29/32 increases the 
permeation rate (Figs 7 and 8).[31] The diffusion coefficient 
of the drug is reduced within the system when the 
concentration of PSA increases. Thus, flux was reduced 
when polymer concentration increases. Permeation 
enhancers can enhance the delivery of drug through skin 
by various mechanisms. Thus, an increase in propylene 
glycol concentration increases the delivery rate. Various 
pieces of literature support the positive effect of povidone 
on the delivery rate of the drug. From the graphical 
optimization of measured responses (overlay plot), 
formulation with 80% silicone adhesive concentration, 
3% povidone concentration, and 4.5% propylene glycol 
concentration, were found to be optimum formulation. 
Finally, optimized formulation was evaluated for 
appearance, weight of matrix, thickness of patch, % assay 
of drug, adhesion properties, like peel, tack and shear, cold 
flow, and ex vivo permeation study. All parameters were 
found satisfactory for optimum formulation. Optimum 
formulation showing good wear properties, like peel 
(32.5 ± 1.07 g/mm), tack (14 ± 0.89 g/mm²), and shear 
(105 ± 2.61), and permeation rate (8.10 ± 0.51 μg/cm2/hr). 
From Fig. 9, Cmax achieved within 12 hours, and the rate 
of permeation maintains up to 24 hours, and then starts 
decreasing. Optimum formulation also found stable, based 
on stability study.

Conclusion
Rotigotine drug in an adhesive patch was developed using 
novel dot matrix technology to maintain delivery up to 3 days 
along with good wear properties. Various preformulation 
study studies, like solubility study, drug-excipient study, 
crystallization study, uptake study, transmission study, 
and optimization silicone-acrylate polymer ratio were 
performed. Based on the crystallization study, it was found 
that crystal inhibitor is required to develop rotigotine 
TDS. Backing film Scotchpak 9730 and release liner 
Scotchpak-1022 was selected based on transmission and 

uptake study of rotigotine. CCD was used to understand the 
effect of various factors, like silicon adhesive concentration, 
povidone concentration, and propylene glycol concentration 
on in vitro adhesion testing and ex vivo permeation study. 
Silicon adhesive has a positive impact on peel strength, tack 
strength, and shear strength of patch and negative impact 
on permeation rate. Similarly, povidone K29/32 has positive 
impact on shear and permeation rate of patch, and propylene 
glycol has positive impact on tack strength and permeation 
rate of the developed patch. Optimum formulation 
contains 80% silicone adhesive, 3% povidone K29/32, 
and 4.5% propylene glycol showing good wear properties, 
like peel (32.5  ±  1.07  g/mm), tack (14  ±  0.89  g/mm2),  
shear (105 ± 2.61), and permeation rate (8.1 ± 0.51 μg/cm2/hr). 
Optimized formulation was stable up to 3 months, and not 
showing any significant changes for appearance, % assay 
of drug content, related substances, in  vitro adhesion, 
and cold flow. Thus, present research work confirms the 
development of rotigotine TDS, using novel dot-matrix 
technology with good wear properties and permeation rate 
up to 72 hours.

Abbreviations
CCD: Central composite design, DoE: Design of experiment, 
TDS: Transdermal system, PSA: Pressure sensitive 
adhesive, USA: United States of America, HPLC: High-
performance chromatography, GSM: Grams per square 
meter, BDS: Base deactivated silica, RP-HPLC: Reverse-
phase high-performance liquid chromatography, 
DT: Durotak, SP: Scotchpak, RH: Relative humidity.
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