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Abstract

Background: A double-layer transdermal drug-in-adhesive patch of carvedilol was developed using functional and
nonfunctional grades of acrylic adhesives, DURO-TAK® 387-2051, DURO-TAK® 387-2510, and DURO-TAK® 87-4098.
The patch was designed to provide adequate permeation of the drug up to 2 days, with effective adhesion
attributes. An optimized formulation was selected, the effect of the combination was studied and a 180° peel
strength test was performed to evaluate adhesive properties. Further, the patch was assessed for in vivo studies on
basis of biochemical parameters, skin irritation, and stability studies. The stability study was carried out on optimized
fresh (S1) and 6 months old patches stored at room, and accelerated condition (40 + 2 °C/75 + 5% RH) using FTIR,
DSC, and SEM techniques.

Result: It was studied that the steady-state flux (Jss) or permeation rate of the drug through excised rat skin has
relied on the nature of acrylic and the combination of acrylic polymers. The TDDS containing —OH functional group
DT 387-2510 with nonfunctional pressure-sensitive adhesives (PSAs) DT 87-4098, with Span 80 as penetration
enhancer exhibited maximum flux (19.12 + 0.64 pg/cm?/h) and form homogeneous and stable blends, controlling
permeation of drug at a desired steady rate for 48 h. The data obtained from in vivo studies using biochemical
parameters suggested that there were no statistical differences observed in results for the control and treated
group while analyzing observations for serum creatinine, glucose test, sodium test, albumin, and potassium (p >
0.05). Also, the optimized formulation showed no sign of localized reactions and was confirmed by a skin
histological study indicating the formulation was safe and compatible with the skin. A significant shift of peaks was
not observed in FTIR spectra and DSC thermograms of the patches after the stability period.

* Correspondence: niharikalal24@gmail.com

'Department of Pharmaceutics, Faculty of Pharmacy, IEC Group of
Institutions, Greater Noida, Uttar Pradesh 201310, India

Full list of author information is available at the end of the article

. © The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
@ Sprlnger Open which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
— appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s43094-021-00272-w&domain=pdf
http://orcid.org/0000-0003-4949-004X
http://creativecommons.org/licenses/by/4.0/
mailto:niharikalal24@gmail.com

Lal and Verma Future Journal of Pharmaceutical Sciences

(2021) 7:127

Page 2 of 13

Conclusion: The investigation reveals that the drug-in-adhesive patch of carvedilol, by a combination of functional
and nonfunctional PSAs, provides a good and effective option for controlled delivery of carvedilol. From our
findings, it has been concluded that drug in the adhesive patch has been able to provide satisfactory adhesion,
drug uniformity, drug permeation, marked positive biochemical results, and good stability.

Keywords: Transdermal patch, Acrylic polymers, Carvedilol, Drug in adhesive

Background

The stratum corneum is a defensive and outer layer of
skin, selectively permeable to certain drugs to reach in
systemic circulation via passive diffusion. The physico-
chemical nature of a drug could foresee the safety and
effectiveness of transdermal drug delivery. The Lipinski
rule for 5 provides a framework of selecting drugs that
are suitable for transdermal administration.

Owing to attributes of Lipinski rule 5, carvedilol (CV)
belongs to a racemic mixture of two enantiomers of a-1
receptor blocking and P adrenoreceptor blocking activ-
ity. The drug is used in the treatment of mild to moder-
ate congestive heart failure (CHF) and has been accepted
in many nations for the treatment of long-term hyper-
tension, left ventricular dysfunction, angina pectoris, and
congestive heart failure [1]. Due to poor solubility of CV
in water, gastric fluid, and intestinal fluid, considerable
first-pass metabolism in the liver, and poor bioavailabil-
ity (25-30%), an alternate route of administration is re-
quired for sustained therapeutic action and also for
improving the compliance of patients [2].

The consideration of biological properties, favorable
physicochemical properties of carvedilol (low molecular
weight, 406.5; high lipophilicity, log P = 3.97), its suit-
ability for long-term therapy, and reproducibility of dose
could make carvedilol an interesting candidate for trans-
dermal drug delivery. Of several classifications of trans-
dermal patches, increasing interest is of adhesive matrix
type transdermal drug delivery patches in which the bio-
active substance is incorporated into a pressure-sensitive
adhesive layer, which serves not only to carry the bio-
active substance but to also attach the patch to the skin.

Additionally, due to their small size, dose adjustments,
flexibility, high adhesion attribute, and patient compli-
ance they provide good choices among various transder-
mal designs. The critical criteria are choosing a suitable
adhesive in the fabrication of DIA patches. Many
pressure-sensitive adhesives (PSAs), such as polyisobuty-
lenes (PIBs), polysiloxanes (silicones), and polyacrylates
(acrylics), have been marked as safe adhesives that could
be used by the FDA. But selection of suitable PSA relies
on many factors including formulation system, patch de-
sign, wear conditions, wear time, and processibility [3].

Most of the drugs exhibit relatively good solubility in
acrylic  pressure-sensitive adhesives than silicone
pressure-sensitive adhesives, thus providing satisfactory

drug loading and drug flux. Many researchers have suc-
cessfully developed DIA transdermal patches using vari-
ous grades of Durotak, an acrylic polymer. Most of
drugs, used in fabrication of DIA systems are present in
metastable state like supercooled liquids or amorphous
solids. The metastable form is thermodynamically
changeable and will, in general, go through phase transi-
tion, like recrystallization, all through the lifetime of
transdermal products [4]. Recrystallization of the active
pharmaceutical ingredient (API) can adversely affect the
efficacy (slowdowns of drug release due to low solubility)
of transdermal products. Transdermal patches fabricated
from functional grades of Durotak shows excellent per-
meation of drugs but chances of recrystallization and
degradation from both external and internal conditions
of the pharmaceutically active ingredient, as well as cer-
tain contents of the patch, such as permeation en-
hancers, matrix materials, or other components, are
more susceptible in them. So, patches affected to deg-
radation cannot be reserved for an economic acceptable
amount of time, hence leading practical obstacles in
their distribution [5].

It would be desirable to provide a transdermal drug
delivery device package that provides controlled and sus-
tained release of an active agent for an extended period
time to treat cardiovascular diseases. From many studies,
it was found that a functional acrylic polymer had im-
proved in drug permeation but the drug-excipient inter-
action could affect adhesiveness and stability of the
formulation. The other challenging factor in transdermal
patches is drug loading. High drug concentration results
in recrystallization of a drug whereas low drug concen-
tration could result in difficulties in achieving an accept-
able delivery rate of medicament.

To overcome this problem, the present investigation
has been directed to transdermal drug delivery matrix
system for the application of drug carvedilol, which in-
cludes a blend of two acrylic-based polymer having dif-
ferent functionalities and therapeutically effective
amount of a drug. An endeavor has been attempted to
fabricate double-layer transdermal patches during which
the second layer would adhere to a backing membrane
that acts as a reservoir, and the first layer would be in
contact with the skin that acts as a rate-controlling
membrane. The blending of polymers of different func-
tionalities would provide adequate permeation of the
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drug, better stability, and use of nonfunctional acrylic as
a skin contact layer will provide adequate adhesion of
patch to the skin. The patches were prepared and
assessed for physicochemical evaluation, drug perme-
ation studies. An optimized transdermal formulation
was chosen on basis of peel measurement studies to as-
sess adhesion efficacy and the final formulation was
assessed for in vivo evaluation using biochemical param-
eters, skin irritation studies by histopathological testing,
and stability studies.

The acrylic grades used in this investigation were func-
tional Durotak 387-2510 (OH group), Durotak 387-2051
(-COOH group), and nonfunctional Durotak 87-4098.

Methods

Raw materials and chemicals

The crystalline form carvedilol (99.2% w/w) was ob-
tained as a generous gift sample from Cipla Pharmaceu-
ticals Limited, Mumbai, India. Acrylic adhesives such as
Durotak® 387-2510, 387-2051, and 87-4098 were ob-
tained from Henkel Limited, UK. The properties of
acrylic adhesives were made supplementary. The polyes-
ter film laminate (ScotchPak™ 1012) backing films and
fluoropolymer-coated polyester film (ScotchPak™ 1022)
release liners were purchased from 3M Drug Delivery
system (St. Paul, MN, USA). Ethyl acetate has been used
as solvent and Span 80 as permeation enhancer was pur-
chased from Sigma Aldrich Merck, Delhi, India. Rests of
the chemicals used in the study were procured from reli-
able sources.

Formulation of double-layer patches

The constituents of double-layer composition were of
two layers; the first layer is in skin contact and the sec-
ond layer will be known as the reservoir layer. The drug
PSA solution was uniformly blended using a magnetic
stirrer. The constituents of reservoir solution were cast
on backing membrane with a thickness of 50 pm,
whereas constituents of the first layer were cast on the
release liner with a thickness of 40 um. The constitution
of the first layer for all formulations is identical as
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mentioned in Table 1. The coated film was initially
placed at room temperature for 12 h and then stored in
an oven at 50 °C for 30 min to remove the entire volatile
solvent. Then, the first layer was layered over the second
layer on the defined surface of the adhesive matrix by
the help of stainless rolling ball. The entire thickness of
the transdermal patch was 50 pm. Considering, the equi-
librium situation laminate was fabricated into a circular
shape, having a surface area of 3 cm? and stored in air-
tight container prior use.

Animals

Wistar albino rats were obtained from the Animal
House of the Institute. The investigation follows AR-
RIVE guidelines to improve ideals of reporting the re-
sults of animal experiments. The Wistar albino rats,
weighing 180-200 g, were used for the present study.
They were housed in the cleaned propylene cage and
were maintained under the standard laboratory condi-
tion (25 + 2°C with dark/light cycle 12/12 h). All experi-
mental protocols associating animals were performed
according to the basis stated in the Guide for the Care
and Use of Laboratory Animals and guidelines provided
by the Committee for the Purpose of Control and Super-
vision of Experiments on Animals (CPCSEA), the Minis-
try of Social Justices and Empowerment, Government of
India. Institutional Animal Ethics Committee approved
the  experimental protocol  (837AE/PO/Re/S/04/
CPCSEA). Male Wistar rats weighing between 180 and
200 g and approximately 8—9 weeks of age were selected
for the study. Rats were maintained in an animal house
with standard facilities. Animals were fed with standard
feed with free access to purified drinking water. Animals
were acclimatized to laboratory conditions for at least 1
week before starting the experiment.

In vitro skin permeation study

The in vitro transdermal permeation of drug from pre-
pared patches, across hairless mouse abdominal skin,
was considered by using a modified Franz diffusion cell
[6]. Rats were sacrificed by using cervical dislocation.

Table 1 Formulation composition of double-layer drug-in-adhesive formulation

Double-layer device total component (%, w/w)

Formulation number  Carvedilol*  Cetyl alcohol* Ethyl acetate: Span 80* Durotak 4098* Durotak 2510* Duro-Tak 2051*
S 6 2 8 42 42

S?2 6 2 8 42 . 42

S3 6 2 8 84

S4 6 2 8 84

S5 6 2 8 84

The material composition of a skin contact layer (first) of double-layer TDDS

Skin contact layer 3 2 8 87

*% w/w of polymer concentration
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Hair of the abdominal region was carefully removed
using an electric shaver (Phillips). The dermis side was
cleaned with isopropyl alcohol to take off the residual
fat. The skin was dipped and soaked in normal saline so-
lution. If not used immediately, excised skins were
wrapped in aluminum foil, stored in a deep freezer at —
18 °C, and used within 3 days. The receptor compart-
ment of the diffusion cell was filled with 25 ml of filtered
and degassed phosphate buffer solution of pH 7.4 as a
receiver medium and was maintained by 37 °C. The pre-
pared patch (3 cm?) was applied to the epidermal side of
rat skin with modest pressure and then mounted over
the receptor compartment. The entrapped air bubbles
present in the receptor compartment and below the skin
were delicately evacuated by considerate inclining of the
diffusion cell. The receptor medium was stirred by a
magnetic stirrer. The 5 ml of samples were withdrawn
from a receptor compartment at a predetermined time
interval up to 48 h and are restored with the same vol-
ume of the fresh phosphate buffer solution to maintain
sink conditions. The concentration of carvedilol has re-
sulted in a validated UV spectrophotometer (Shimadzu
UV-1800 spectrophotometer, Japan) at 239.5 nm and the
cumulative amount of drug was calculated [7].

As per the concentration of each sample, the cumula-
tive amount of the drug permeated per unit area at time
point “n” (Q, g/cm®) was calculated by the following
formula:

Cnx V4 Y xCix5

Q S

where S is the effective area, V is the volume of the re-
ceptor cell, Cn is the drug concentration at time point “n”,
and Ci is the drug concentration at time point “i”. The cu-
mulative amount per unit area (Q, ug/cm?) of drug per-
meated through the skin was plotted as a function of time
(t, h). The slope of the linear portion of the plot was repre-
sented as the permeation flux (Js, ug/cm?/h).

The permeation rate or skin flux (Jss) was calculated
from Fick’s law of diffusion as mentioned:

Jss = (Vde/dt)/A

Whereas Jss is skin flux (ug/cm?®/h), C is the cumula-
tive drug concentration in the receiver fluid at time t, V
is the receiver volume (ml), and A is the active diffusion
area (cm?). The steady-state flux was calculated from
permeation profiles. Permeation coefficient (K,, cm/h)
was calculated by dividing ] with the concentration of
the drug in the donor cell (Cy) by using the following
equation:

K, = Jss/Co
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All the transdermal permeation experiments were re-
peated three times and their mean values with standard
deviations were calculated [6, 7].

Evaluation of characteristics of the optimized patch

The selection of optimized formulation was conferred
with a peel strength measurement test. The formulation
which possesses desired physical characteristics, good
compatibility with the drug as well as an excipient, adhe-
sive properties, and desired permeation of drug will be
chosen for further studies.

Peel strength measurement at 180°

The peel test was done as per ASTMD3330 at adhesive
coated tapes for 25-mm width. The patches were applied
on stainless steel at room temperature as long as 20
min. By using Chemie Instrument adhesive/release tester
AR-1000 (Fairfield), a peel force in 180° side was consid-
ered by a peel rate of 30.50 cm/min at room
temperature. The analysis was attained three times on a
particular sample [8, 9].

In vivo studies by use biochemical parameters

Animals used

The antihypertensive activity of the optimized transder-
mal patch was carried out on 18 male albino Wistar rats
aged 6-8 weeks and weighing 180-215 g. Animals were
housed in standard environmental conditions under a
12/12-h light/dark natural cycle in the laboratory animal
house of the institute. All animals had free access to a
standard diet and tap water ad libitum.

Experimental design
The antihypertensive activity of the optimized transder-
mal patch was evaluated, based on biochemical and
histological results. Hypertension in Wistar rats was in-
duced by using dietary based models, in which mixtures
of ethanol and sucrose solutions were given to Wistar
rats to develop hypertension. Wistar rats were randomly
divided into three groups, controlled group, untreated
group, and treated group. Each group contains six Wis-
tar rats and rats of untreated and treated groups were
administered daily with ethanol and sucrose solutions
for 5 consecutive weeks to induce hypertension [10, 11].
The animals of the control group received distilled
water (1 ml/kg/day) by oral gavage, while rats of the un-
treated group were administered with a mixture of etha-
nol 40° (3 g/kg/day) and sucrose 10%. The treated group
received a mixture of ethanol 40° (3 g/kg/day) and su-
crose 10% (the same that has been given to the un-
treated group), beside to an optimized transdermal
patch that was adhered with their abdominal skin for 48
h. A replacement patch would adhere to on the abdom-
inal site of the treated group after every 48-h interval.



Lal and Verma Future Journal of Pharmaceutical Sciences

The body weights were assessed twice a week during the
experimental period [10].

Biochemical and histological analysis

Rats were sacrificed and free run blood was collected
and centrifuged at 3000 rpm for 15 min. The serum ob-
tained was stored at — 20 °C for the determination of
biochemical markers. Serum samples were assayed for
serum creatine and albumin, using the commercial diag-
nostic kit Fortress. The glucose assay was performed
using the kit Inmesco while sodium and potassium ions
were quantified using the Atlas Medical kit.

After blood collection, the heart of each animal was dis-
sected out for histological analysis. The examined organs
were firmed in 10% formalin for 2 days. It was paraffin
fixed for microscopic examination as per laboratory pro-
cedure. After that, paraffin-firmed segments of 4-pm sec-
tions were prepared and stained with alongside
hematoxylin and eosin for histological investigations [11].

Histopathological investigation of skin irritation studies
was carried out and compared with the micrograph of un-
treated skin sample, to throw light on the mechanism of
drug permeation. The skin samples were sectioned with
the utmost care and were preserved in formalin solution
(10% v/v) before investigation. The samples were then
stained with eosin, and followed by visualization of a
specimen under a light microscope (Microtome-1200,
Weswox, Western electric scientific work)

Stability studies

Stability studies were performed to determine the stabil-
ity of the drug present in the preferred formulation. The
transdermal patches were packed in heat sealable pouch-
ing films prior to stability studies. The study has been
performed at room (27 + 0.5 °C) temperature and 30 +
5% relative humidity (RH), and accelerated conditions
for the selected DIA patch. It was carried out for 6
months, as per International Conference on Harmonisa-
tion (ICH) guidelines under the following conditions: 40
+ 2 °C temperatures and 75 + 5% RH using a stability
chamber (model no. BIT-2U, BioTechnics, India).

The physicochemical stability of the DIA patch was
assessed for visual inspection, drug content, permeation
study, attenuated total reflectance (ATR), differential
scanning calorimetry (DSC), and scanning electron mi-
crographs (SEM) after 6 months under room and accel-
erated study conditions [12].

Statistical analysis

Interpretation of data obtained from different experi-
ments was performed using t-test. The tests were
assessed with Graphpad INSTAT 3 SOFTWARE
(Graph-Pad Software Inc., San Diego, CA) to determine

(2021) 7:127

Page 5 of 13

statistically significant differences. The level of signifi-
cance was fixed at p < 0.05.

Results

As a selection of appropriate acrylic adhesives plays an
important role in the fabrication of DIA patches, in ini-
tial studies a proper screening was conducted on DT
387-2051, DT 387-2510, and DT 87-4098. Double-layer
formulations were evaluated for in vitro permeation
studies and from which the best formulation would be
considered for further studies.

The effect of adhesives on permeation of CV from
double-layer patch

The combination of adhesives on CV permeation across
excised rat skin was assessed and the results were repre-
sented in Fig. 1 and Table 2 by keeping factors 6% drug
content in reservoir layer and 3% drug content in skin
contact layer, of 50 pm thickness of dried matrix, con-
stant. Among formulations S1-S5 investigated, formula-
tion S1 where DT 4098 was used in combination with
either DT 2510 (1:1) showed the highest cumulative CV
permeation. As shown in Table 2, the Jss of CV was also
higher (19.11 + 0.03 pg/cm?/h). In formulation S2 where
DT 4098 was used in combination with DT 2051 (1:1)
provides sustained drug delivery of 78.21 + 2.3%, re-
spectively, for 48 h. The presence of only DT 2510 in S4
and DT 2051 in S5 resulted in sustained drug perme-
ation of 82.65 + 2.3% and 67.45 + 2.4%, respectively.
Further, DT 4098 alone when used in reservoir and skin
contact layer (in formulation S3) could not be able to
sustain the release of drug till 48 h and 98.32 + 3.6% of
the drug was released at the end of 30th hour, due to no
chemical interaction between polymer and drug. Signifi-
cant differences were observed (p < 0.05) in cumulative
CV permeation through rat skin were observed among
formulations containing different PSAs.

The combination of nonfunctional PSA with OH func-
tional PSA provides higher permeation in comparison to
its combination with the COOH group. The diffusion of
the drug from the polymer matrix depends on the na-
ture of the polymer mixture. The high thermodynamic
activity of drugs in nonfunctional, as well as OH func-
tional PSA, provides adequate permeation rate, while
permeation of drug from carboxylate group PSAs was
found to be low be due to chemical interference between
a carboxylate group of DT 387-2051 with a hydroxyl
secondary amine of the drug resulting in the low diffu-
sion coefficient of the drug. The chemical interaction of
energy between intermolecular forces of the carboxylate
group with free base form of secondary amine could re-
sult in formation of salt. It is believed that free base form
of secondary amine drug is available for permeation
across the skin. The amount of a free base available for
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Fig. 1 Comparison of in vitro permeation profiles of CV across excised rat skin from patches with S1-S5 (mean + SD, n = 3)

permeation will depend on its dissociation of salt form
which will depend on the association and dissociation equi-
librium between the free base and carboxylic acid salt form.
The salt present in the system provides a constant source
of the free base out of the system and penetrates drug out
of matrix to skin, permitting sustained, controlled delivery
of pharmaceutical effective amount of drugs. The release of
carvedilol was not much affected in the presence of —-OH
functional group, as -COO™ is a substantial electron with-
drawing group than —O™°. Thus, the positive charge on
H*® of -COOH group is more than -OH group, which re-
sults in firm hydrogen bonding between H*® and —-N°. It
was also noted that release of drug from its polymer de-
pends on the solubility and diffusion coefficient of drug in a
polymer. Perhaps the interaction between drug and poly-
mer could affect drug coefficient [13, 14].

Further, the addition of nonfunctional PSAs with DT 2510
improved produces homogeneous and stable blends, and the
drug was easy to permeate through the skin because of low
lattice energy, thus exhibited high thermodynamic activity in
the medium or matrix, for permeation of drug.

Evaluation of optimized formulation
Changes in the thermodynamic and rheological proper-
ties of PSA after the combination of functionalities could

affect the adhesion performance of patches. Therefore,
determination of the adhesive properties of final patch
needs to be assessed since peel strength and tack proper-
ties are strongly influenced by surface properties and
backing layer mechanical properties. In the formulation
S1 and S4, both were assessed for peel strength test to
evaluate adhesive properties.

Peel strength measurement

The peel strength of formulation S1 shows the de-
sired elasticity up to 2.5 N/m. The results depict
that the patch fabricated were flexible which re-
sulted in higher adhesive modulus, resulting in a
linear correlation between peel strength and peel
rate (Fig. 2).

However, significant deviations deformations were ob-
served in testing the peel strength of formulation S4
(Fig. 2). Significant, stress distributions like crack and
sharpness were observed when a patch was pulled apart
from the substrate at a constant speed [15]. This could
be due to stringiness properties of high tack DT 387-
2051 which could lead to interfacial stresses and causes
deformations when a patch has adhered with the sub-
strate. It was concluded that peel strength depends on
the nature of acrylic adhesives [16].

Table 2 In vitro permeation parameters of CV from single-layer drug-in-adhesive formulations (mean + SD, n = 3)

Formulation code Time of drug permeation (h)

Flux (mg/cm?/h) Permeability coefficient (cm/h x 1072

S1 Up to 48 h
S2 Upto48h
S3 Upto30h
S4 Up to 48 h
S5 Upto48h

19.11 £ 0.03 32.9 +0.02
16.23 £ 0.05 227 £0.03
18.13 + 0.04 276 + 003
18.05 £ 0.15 293 £ 0.06
15.18 £ 0.02 20.1 £ 0.06
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The final formulation S1 (Duro-Tak® 387-4098 and
Duro-Tak® 387-2510) was chosen as an optimized for-
mulation as it possesses appropriate physicochemical
properties, better permeation profile up to 48 h, and
showed excellent adhesion without leaving any kind of
residue on the substrate or the release liner. The S1 was
chosen for further assessed for in vivo studies by bio-
chemical and histological analysis, skin irritation studies
by Histopathology analysis, and stability studies.

In vivo study using biochemical parameter

Experimental design

The recorded result of the body weight of control ani-
mals was mentioned in Table 3. Increased body weight
was noticed in the untreated group (p “ 0.05). A gain in
body weight may well be due to consumption of calories
of ethanol and sucrose solution. For the treated group,
the weight gain was initially found to be increased, but
then it gradually stabilizes after 2 weeks.

Biochemical studies
Serum creatinine The results of serum creatine are

mentioned in Table 3. It was observed that a much sig-
nificant increase in creatinine level (p >0.05) was found

in the untreated group comparison to control and
treated groups. The increased hypertension could lead to
a distorted renal function which has affected the number
of functioning nephrons and loss of glomeruli function
and causes a significant increase in serum creatinine
level. The decreased serum creatinine level in the treated
group was due to the vasodilatory alpha- and beta-
blocker action of carvedilol, which exhibits additional ef-
fects on ameliorating oxidative stress and inflammation,
rendering it an attractive candidate for the prevention of
early diabetic nephropathy [17].

Effect on albumin, sodium, and potassium level As
mentioned in Table 3, it was observed that chronic etha-
nol/sucrose consumption has affected the kidney’s func-
tion which causes a significant increase in sodium and
potassium level in the untreated and treated group,
while comparing with a control group that had only
strived on distilled water. Carvedilol shows the renal
sparing effect and protect from a chronic renal failure of
treated Wistar rats.

Due to the hypertensive effect, the concentration of al-
bumin was found to be higher in the untreated group.
The treated group prevented a rise in glucose, sodium,
and potassium level induced by ethanol and sucrose.

Table 3 Assessment of bodyweight and biochemical studies for control, untreated, and treated groups (mean + SD, n = 3)

Creatinine (mg/dl)

Glucose (mg/dl) Sodium (mEq/L) Potassium (mmol/L)

Group Body weight (g) Albumin (mg/dl)

Control (group 1) 219+ 23 26.07 + 0.05 08+13

Untreated (group Il) 2282 + 36 3578 £0.12 23 +£043
Treated (group ll) 2213+ 36 25.98 + 0.09 1.0 £0.02

109.73 £ 9.65 13571 £ 12 6.21 £ 0.54
15850 £ 10.21 159.98 + 1.6 11.21 £ 021
11265 + 345 13987 + 1.6 798 £ 061
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The maintenance of renal blood flow due to the antihy-
pertensive action of carvedilol resulted in a significant
reduction in renal vascular resistance and it prevented
the occurrence of renal failure in Wistar rats.

Throughout, the continuous antihypertensive dose of
carvedilol in the systemic circulation, renal blood flow is
maintained and thus it protected the integrity of the
renal autoregulatory system. Additionally, the drug in-
hibits renal rennin secretion due to its  blocker action,
which in turn blocks renin angiotensin aldosterone sys-
tem, which prevents any potential for increasing sodium
and potassium ions [10, 11].

Histological analysis

Hypertension accelerated the aging process of the
heart like hypertrophic changes which led to struc-
tural destruction, while in the present study carvedilol
has reduced and alleviated the pathological damage in
the heart.

The light microscopic study of cardiac muscles of the
control group shows the normal myofibrillar structure
with striations, a continuity, and branched appearance
with adjacent myofibrils (Figs. 1a, b and 3).

The myocytes show an acidophile sarcoplasm with
central oval single nuclei. The longitudinally arranged fi-
bers were found to be cylindrical with central oval ves-
icular nuclei and faint striations. The cardiac myocytes
were connected to make fibers through an interrelated
disk. The spaces between interfibers were narrow which
contain fibroblast and blood vessels [18].

The cardiac muscles studies for group II (hypertensive)
presents segregation of myofibres with expansion in in-
terfiber spaces and erupt red blood cells. Further, a con-
siderable area of hemorrhage could also be identified
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[19]. The degenerated myocytes appeared to be swollen
with evident focal degeneration. The myocytes were
found to be pale with vacuolated cytoplasm. Focal
mononuclear cellular aggregation was detected in many
areas (Figs. 2a—c and 3).

The histological pattern of the treated group was
found similar to the control group (Fig. 3a, b). The car-
diac muscle fibers appear to be cylindrical with central
oval nuclei. The presence of wide interspaces was de-
tected, but they were found to be low. Few areas show
pale vacuolated cardiac muscle fibers [20].

The outcome of the study shows that formulation S1
showed a noticeable effect in the protection of cardiac
muscles from hypertensive effect.

The dermal test for potential irritation that could be
caused by acrylic polymer or penetration enhancer (Span
80) would be confirmed by histopathological studies. As
observed in the histology of the rat skin Fig. 4, the con-
trol group showed the normal architectural framework
of the epidermis, dermis, and subcutaneous layer, and
optimized formulation showed thinning of the epidermal
and distorted stratum corneum. This resulted in narrow
barrier quality and increased permeation of CV. The
outcome of the study shows that the optimized patch S1
did not show any kind of notable inflammation, ulcer-
ation, or edema on rat skin [21].

Stability studies

The drug content of chosen DIA patches on aging after
6 months of storage was found to be between 94.98 +
0.43% and 96.23 + 0.12% compared to 98.72 + 0.21% for
fresh patches. The data were statistically tested and show
no significant differences were present between fresh
and aged patches (p > 0.05). The results show that there
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Fig. 3 (a) Photomicrograph of a section in cardiac muscles of control group (1a, 1b), (b) hypertensive group (2a, 2b, 2c), and (c) treated group




Lal and Verma Future Journal of Pharmaceutical Sciences (2021) 7:127 Page 9 of 13
.)Q '
A FORMULATION S1 S &\v*, .
EPIDERMIS A0 N T
\ Q)
AN 1
EPIDERMIS @ A ,
RIS
RYH
\ < t‘. >
DERMIS @
\ L AN
TROL GROUP A\, &
\ y) ;. \ﬁ
Fig. 4 Histopathology section of rat skin of control group and of treated group received formulation S1

is uniformity in drug content, with a low standard devi-
ation value. The effect of temperature and relative hu-
midity did not show any notable effect on drug content
uniformity of transdermal patches. No visual changes
were found in a characteristic of transdermal patches
during the period of analysis. No variations were ob-
served specifically in terms of color, smoothness, clarity,
shape, homogeneity, stickiness, uniformity, and flexibil-
ity. Furthermore, stored DIA patches did not show any
significant changes (p > 0.05) in Jss (i.e., 18.84 to 19.02
for stored patch vs 19.38 for a fresh patch). No burst re-
lease effect was observed in the subject’s transdermal
film. SEM micrograph (Fig. 5) of patches stored under
stability condition along with fresh patch does not show
any trace of crystallization [12].

The ATR studies were conducted for optimized for-
mulation S1 to detect any kind of changes in the charac-
teristic peaks. The peak shift was seen for the hydroxyl
functional group from 2359.41 to 2360 to 2361 cm ' of
a fresh patch and for patch stored at room and acceler-
ated conditions, respectively. The characteristic peak for
alcoholic O-H stretch vibration at 3540.254 was disap-
peared in the ATR spectrum of the DIA patch that has
been stored under accelerated conditions, while the
same was found to be intact in case of patch that has
been stored at room condition for 6 months. As Duro-
Tak 87-4098 has no functional group in it, therefore, the
chances of interaction between the drug and adhesive
could not be considered for the above shifting and dis-
appearance of peaks (Fig. 6). The change could be

Fig. 5 SEM images of DIA patch at A 0 months, B 6 months under room temperature, and C 6 months under storage condition
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Fig. 6 ATR spectra of DIA patch at A 0 months, B 6 months under room temperature, and C 6 months under storage condition

assumed due to the drug loading process or complete
loss of organic solvents during the storage period. The
DSC thermogram of the drug-in-adhesive-based trans-
dermal patches before and after stability study did not
show any significant changes. It was observed that endo-
thermic peak of the drug was found at 119 °C for fresh
prepared patches which was later found to be disap-
peared in the next two thermograms (Fig. 7). This could
indicate towards saturation of drug within acrylic adhe-
sive indicating non-crystallinity of drug in the patch dur-
ing storage. Hence, it could be concluded that the drug
might be homogeneously dispersed in matrix. Thus, the
DSC profile of optimized formulation S1 did not exhibit

any significant changes indicating the stability and non-
crystallinity of drug samples during storage [22]

Discussion

The study was undertaken for the design and
characterization of acrylic pressure-sensitive adhesives
based transdermal drug delivery system. The drug in the
adhesive-based transdermal system was fabricated using
three grades of acrylic pressure-sensitive adhesives of
different functionalities and nonfunctionalities. The
three grades Duro-Tak 87-4098, Duro-Tak 387-2051,
and Duro-Tak 387-2510 were studied to prepare a der-
mal drug delivery matrix system for the application of
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drug carvedilol, which includes a blend of two acrylic-
based polymer having different functionalities and thera-
peutically effective amount of a drug. The transdermal
patch has been fabricated with a combination of acrylic
Duro-Tak of various functionalities (-OH, -COOH, and
nonfunctional) comprising of carvedilol as an active
pharmaceutical ingredient and was assessed for controlled
drug delivery [9, 11]. The double-layer matrix transdermal
system was prepared and it was observed they were able
to deliver sustained drug delivery for 48 h.

The prepared transdermal films showed uniformity with
less standard deviation for their various physicochemical
and surface morphological characteristics. The films
showed a clear and smooth surface. Percent cumulative
amount of drug permeated varied with polymer compos-
ition along with the effect of functional and nonfunction-
ality. The utilization of nonfunctional Duro-Tak and
penetration enhancers has increased the permeation of
the drug which was not suitable for the proposed period.
On the other hand, functional Duro-Tak containing —
COOH group was responsible for low permeation of drug
due to its interaction with the amine group of drugs. The
result of this study indicated that using a combination of
functional acrylic grade (Duro-Tak 387-2051, 387-2510)
along with nonfunctional grade (87-4098) affects release
rate and permeation rate can be achieved in a controlled
manner for a longer period [4, 12].

The better permeation profile and adhesive properties
were achieved by combing Duro-Tak 87-4098 along with
a Functional —OH group Duro-Tak 387-2510. This syn-
ergistic combination of DT 87-4098 with DT 387-2051
suggests us to choose formulation S1 for further studies
[13]. In vivo studies were done to assess the efficiency of
transdermal patches of carvedilol in Wistar rats. Hyper-
tension was induced by using dietary based models, in a
mixture of ethanol and sucrose solutions. After comple-
tion of 5 consecutive weeks, the rats were sacrificed and
free run blood was collected and serum samples were
assayed for serum creatinine, albumin, glucose, sodium,
and potassium ions were quantified using the suitable
kit [14, 16]. The heart of each animal from the groups
was dissected out for histological analysis. It was ob-
served that the results of the treated group have a posi-
tive effect as found in the control group and no
significant differences were observed in the treated and
control group. The effect of hypertension in the un-
treated group causes significant hypertrophic changes,
whereas the histological pattern of the treated group was
found similar to the control group. The cardiac muscle
fibers appear to be cylindrical with central oval nuclei
[17]. Despite providing therapeutic drug release and
good adherence properties, it is necessary to assess der-
mal testing for evaluation of any potential irritation that
could occur due to drug, penetration enhancer, or by the
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use of the acrylic polymer. The dermal test for potential ir-
ritation that could be caused by acrylic polymer, drug, or
penetration enhancer was confirmed by histopathological
studies [18]. The outcome of the study shows that neither
penetration enhancer nor the optimized patch shows any
kind of notable inflammation, ulceration, or edema on rat
skin. The stability studies were also carried out for opti-
mized formulation to assess the drug and drug product sta-
bility. The stability studies were conducted at room
temperature and accelerated conditions for the selected for-
mulation, S1. The study was carried out according to ICH
guidelines under given conditions: 40 + 2 °C temperature
and 75 + 5% relative humidity (RH) using a stability cham-
ber. The studies were performed after six months for visual
inspection, drug content, drug permeation, FTIR, and DSC,
to determine physicochemical stability of choosing DIA
transdermal patch of carvedilol under room and accelerated
study conditions [17, 19]. There were no visual changes
were found in a characteristic of DIA transdermal patches
during the period of analysis and no significant differences
in drug content were present between fresh and aged
patches. The effect of storage conditions on cumulative per-
cent drug permeation could not be ignored. It was noted
that at room temperature (27 + 0.5 °C), the release of carve-
dilol from the formulation was not influenced throughout
the period [20, 21].

The transdermal films were found to be stable; the er-
ratic drug release could be due to absorption of moisture
from humid storage conditions which could lead to soft-
ening of the matrix. However, no burst release effect was
observed in the subject’s transdermal film. The ATR and
DSC studies of optimized formulation S1 did not exhibit
any significant changes indicating the stability and non-
crystallinity of drug samples during storage [22]. The re-
sult of our study indicated that by using a combination
of nonfunctional PSA along with functional PSA, im-
proved permeation rate and drug permeation can be
achieved in a controlled manner for a longer period.

Conclusion

The result of our study indicated that using a combination
of nonfunctional PSA along with functional PSA improved
permeation rate up to 48 h. The transdermal films devel-
oped by a combination of functional and nonfunctional
PSAs act as a good and effective option for controlling the
delivery of the antihypertensive drug. The carvedilol trans-
dermal patches act as a good and effective option for con-
trolling the delivery of the antihypertensive drug. The
antioxidant property of the drug also prevents the heart
from hypertrophic changes, although further work is re-
quired in support of carvedilol transdermal films in terms
of their efficacy and bioavailability parameters by long-term
pharmacodynamic and pharmacokinetic studies on viable
animals and human beings.
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