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Abstract

Telmisartan, an angiotensin-II receptor antagonist, has shown promising effects when delivered through transdermal
patches for effective hypertension management. This study aimed to develop a matrix-type transdermal therapeutic
system for telmisartan using Hydroxypropyl methyl cellulose (HPMC) and Polyvinyl pyrrolidone (PVP) as polymers,
with Dimethyl sulfoxide (DMSO) as a synthetic penetration enhancer and a combination of piperine and menthol as
natural enhancers. Comparative permeability studies were conducted to assess the effectiveness of these enhancers.
Drug release rates were evaluated across rat skin using a Franz diffusion cell over 6 hours, measuring parameters such
as percentage cumulative drug release (% CDR), apparent permeability (Papp), flux (J), and enhancement ratio (ER).
The study found that patches containing natural enhancers (piperine and menthol) had a significantly higher drug
release rate (up to 18.46 = 0.02 % CDR) compared to those with synthetic enhancers (up to 10.19 + 0.01 % CDR). This
suggests that natural penetration enhancers could be more effective in promoting drug release. Transdermal drug
delivery bypasses hepatic first-pass metabolism, reduces side effects and gastrointestinal issues and improves patient
compliance, making it a promising approach for enhancing drug delivery efficiency.
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1. Introduction

Transdermal drug delivery systems offer significant advantages, including controlled release, reduced side effects,
improved efficacy, and painless administration. Utilizing the skin as a delivery route takes advantage of its accessibility
and non-invasive nature, allowing for continuous and consistent drug administration. This method is especially
beneficial for medications with short biological half-lives, ensuring a steady supply to the bloodstream and avoiding the
fluctuations associated with pulsed drug entry. Despite challenges posed by the skin's barrier properties, advancements
over the past two decades have made transdermal systems a key focus in drug delivery research due to their clinical
benefits. Transdermal patches, designed to deliver drugs at predetermined rates, minimize variations between and
within patients, ensuring consistent therapeutic effects. These patches vary in size and may contain multiple active
ingredients, with higher concentrations allowing for extended-release periods. In transdermal matrix patches, the drug
is dispersed within a polymer matrix, enabling controlled release based on the properties of the drug and matrix.
Transdermal patches offer non-invasive, painless drug delivery, improving patient compliance and providing consistent
plasma levels through controlled release. They bypass hepatic first-pass metabolism, enhancing bioavailability and
reducing side effects. Patches are especially beneficial for pediatric and geriatric patients and allow easy dose
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adjustment or termination by simply removing the patch. However, they are limited to drugs that can penetrate the
skin, may cause irritation, have a slower onset of action, and offer less flexibility in dosing. Additionally, they may not

be suitable for high-dose medications, can be affected by patient variability, and may detach under certain conditions -
5

Telmisartan, an angiotensin II receptor blocker (ARB), effectively lowers blood pressure by causing vasodilation and is
commonly used for hypertension treatment. Despite its high permeability, Telmisartan's low solubility (Class II of the
Biopharmaceutics Classification System) poses challenges for absorption in the gastrointestinal tract, requiring
formulation strategies to improve its solubility and bioavailability. With a terminal elimination half-life of about 24
hours and an absolute bioavailability of 42% to 58%, Telmisartan reaches peak plasma concentration 0.5 to 4 hours
after oral administration. However, its nonlinear oral bioavailability limits dose-proportional absorption. Transdermal
delivery offers advantages over oral administration by bypassing first-pass metabolism, ensuring stable plasma levels,
and improving patient compliance ¢-8.

Penetration enhancers are compound that boost the absorption and effectiveness of drug. Synthetic penetration
enhancers can have inconsistent drug delivery performance, leading to variability in effectiveness across individuals
and over time. They may also raise environmental concerns due to non-biodegradability or harmful byproducts from
their production. Additionally, regulatory approval for transdermal patches containing synthetic enhancers may be
more stringent due to safety and efficacy concerns. In contrast, natural penetration enhancers are often safer, derived
from renewable sources, and biocompatible, making them more sustainable and less likely to cause adverse effects.
They also enjoy greater cultural acceptance, provide additional health benefits, and face fewer regulatory hurdles
compared to synthetic counterparts 4. With various types of penetration enhancers available, one of the effective and
low-cost penetration enhancer piperine and menthol was selected. As piperine and menthol are one of the natural, safe
and effective penetration enhancers having its easy partitioning, it can modulate membrane dynamics, thus helping to
efficiently permeate drugs across barriers 10-12,

Thereby, taking into account the favorable impacts of these enhancers, it was deemed worth exploring comparative
permeability studies to assess the effectiveness of these enhancers. In the present study, comparative permeability tests
were conducted to evaluate the effectiveness of synthetic and natural penetration enhancers.

2. Materials and Methods

2.1. Material

Sample of Telmisartan was gladly bestowed by Alkem laboratories, Mumbai, India. Piperine was bought from Loba
Chemie Pvt. Ltd. India. The research experiment was carried out using deionized double distilled water. All other
chemicals and solvents were of analytical grade.

2.2. Methods

2.2.1. Determination of A max

Preparation of standard stock solution

Standard stock solution of Telmisartan was prepared by diluting 10mg of reference drug in 100ml of saline phosphate
buffer pH 7.4 solution

Calibration curve of Telmisartan

Different concentration 2pg/ml, 4pug/ml, 6pg/ml, 8ug/ml, 10pg/ml of solution was prepared from this standard stock
solution. The stock solution is further diluted appropriately with saline phosphate buffer solution pH 7.4 to acquire a
concentration of 10pug/ml. This was scanned from 200-400nm. The A max was found at 238nm
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Solvent evaporation method for preparation of patches®

The patches were prepared by solvent casting evaporation technique. The weighed amount of HPMC and PVP were
dissolved in solvent system of dichloromethane (DCM) and methanol in proportion 8:2, out of which 8 ml of solvent
system is used. This solution is stirred for 10 minutes using magnetic stirrer, till the solution become clear. After that
weighed amount of drug, and penetration enhancer is dissolved in PEG 600 (plasticizer), this mixture is poured in above
solution and again stirred for 10 minutes until the mixture becomes uniform. Then this mixture was sonicated for 10
minutes using ultra sonicator. The uniform solution was then poured into petri plate which was previously lubricated
with glycerin and an inverted funnel was placed to control the evaporation of solvent and avoiding cracking of patches.
These plates were kept aside for overnight. Dried patches were separated from the plate, cut and stored.

Table 1 Optimized formula for telmisartan transdermal patches

Formulation Drug HPMC PVP | Solvent (DCM: | PEG DMSO | Piperine Menthol
Batch mg mg mg Methanol 8:2) ml 600ml | ml mg mg

F1 100 350 50 |8 0.5 0.5 - -

F2 100 350 50 |8 0.5 - 0.5 0.5

F1: Patch with synthetic penetration enhancer; F2: Patch with natural penetration enhancer

To determine the optimization criteria, preformulation studies were conducted and the pertinent scientific literature
was reviewed. Two transdermal patches of Telmisartan were prepared by mixing of plasticizer (PEG600), Drug
(Telmisartan), polymers (HPMC, PVP) and penetration enhancer (DMSO as a synthetic penetration enhancer and
piperine with menthol as natural penetration enhancer) as shown in table no. 1. Prepared transdermal patches were
evaluated for their physicochemical evaluation of thickness, folding endurance, and in vitro drug release through rat
skin. The diffusion study was conducted in Franz diffusion cell

2.2.2. Folding endurance

Folding endurance include folding capacity of the patches. It was determined by folding the patch continuously until it
breaks. Folding endurance= No. of times the patch is folded without breaking it 5.

2.2.3. Thickness of patch

In micro-meter method, thickness was determined by taking readings at multiple places of patch using Vernier caliper.
Average thickness of these multiple observations was used to confirm that the thickness of patch was desired >.

Ex-vivo permeation studies using Franz diffusion cell across rat skin:13. 14

Receptor fluid: Saline phosphate buffer pH 7.4 solution was utilized as a receptor fluid and was made according to
Indian Pharmacopoeia Monograph.

Rat skin membrane model: Ex-vivo drug release was studied with the Franz diffusion cell method. Male Swiss albino
rats weighing 140-160 g provided skin sample was used for study. Following the use of a mechanical hair clipper to
shave the hair without causing any skin damage, a 5 x 5 cm skin patch was removed from the dorsal area of rat that was
slaughtered. The removed rat skin was kept in storage at -80°C. To get rid of superfluous debris and leachable enzymes,
the skin membrane was first hydrated for 30 minutes at room temperature (23 C) in the buffer solution (pH 7.4) It was
then positioned so that the dermal side was in direct contact with the receptor media, sandwiched between the donor
and receptor compartments of the cells. The receptor compartment held around 9 ml of phosphate buffer (pH 7.4).
Temperature control was done with a thermostatic water bath controller set at 37 + 0.5-C and stirred at 100 rpm
throughout the experiment. Transdermal patch having, 0.9 cm diameter containing synthetic and natural penetration
enhancers were applied on the donor side of diffusion cell, and at each 30 min time interval 2 ml aliquots were
withdrawn from receiver chamber up to 6 h maintaining sink conditions throughout the experiment. The samples were
then promptly subjected to spectrophotometric analysis at 238 nm and the cumulative amount of drug permeated was
computed. From ex-vivo permeability studies data obtained in triplicate for each test and control samples were utilized
to calculate permeability metrics like % CDR, apparent permeability (Papp), Flux (J) and enhancement ratio (ER) by
using standard formulae 1519, The experiments were done in triplicates, and the average value reported.
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Permeability coefficient (apparent permeability)
c VA [Druglacceptor
Papp (—m) = (—) X | ————
s [area X time] [Drugldonar

Where, Va-volume in acceptor chamber, Area= intestinal membrane surface area, Time= total transport time

hr surfacearea X time

mg
Flux()) (sz) _ massdiffusing

3. Results

In the present study, transdermal patches of telmisartan were formulated to promote its transdermal delivery.
Maximum absorbance of Telmisartan in saline phosphate buffer solution pH 7.4 was found to be 238nm. Figure no. 1 indicates
UV absorbance of telmisartan. Calibration curve of Telmisartan in saline phosphate buffer pH 7.4 has been shown in figure
no. 2 and data for the same has been given in table no. 2. Thickness of patches is measured by Vernier caliper at different spots
of the patch and was observed to be 0.346 mm and 0.351 mm for F1 and F2 respectively. The patches remained intact even
after multiple folding. The folding endurance was found to 108 for F1 and 113 for F2, which outline that the patches that
were prepared have the ability to withstand mechanical pressure and also have good flexibility.
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Figure 1 UV absorbance of telmisartan

Table 2 Data for calibration curve of Telmisartan in saline phosphate buffer pH 7.4

Conc. Absorbance
2 0.266

4 0.478

6 0.662

8 0.865

10 1.09
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Calibration Curve of Telmisartan in
Saline Phosphate Buffer pH 7.4
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Figure 2 Calibration curve of Telmisartan in saline phosphate buffer pH 7.4

Ex-vivo permeation studies: The results of permeability behavior of telmisartan from both F1 and F2 patches are
shown in table no. 3. Patch F1 has shown poor membrane permeability of 10.20 + 0.01 % CDR only while patch F2 has
shown significantly greater rat skin permeability of telmisartan that has been enhanced up to 18.50 * 0.02 % CDR.
Other permeability parameters such as Papp and ] were also found to be increased significantly in F2 patch as compared
to F1. Table no. 4 indicates the calculated values of permeability parameters % CDR, Papp and ] upto 6 h in cases of both
patches. Figure no. 3 shows comparison of % CDR of patch containing synthetic and natural penetration enhancer.

Table 3 %CDR of Telmisartan from F1 and F2 patch

Time (h) | F1 (Patch with synthetic penetration enhancer) | F2 (Patch with natural penetration enhancer)
* *

0.5 1.11 £ 0.01 1.67 £ 0.015

1 1.56 + 0.02 2.61+0.01

1.5 2.23+0.01 4.29 £ 0.015

2 3.06+ 0.02 6.07 +0.015

2.5 3.67 £0.03 7.94 + 0.04

3 4.32 £0.02 9.53+£0.015

35 4.86 +0.02 10.88 + 0.02

4 6.12+0.01 12.43 £ 0.015

4.5 6.92 +0.02 14.02 £ 0.015

5 8.25+0.02 15.56 £ 0.01

5.5 9.24 + 0.02 16.97 £ 0.01

6 10.20 £ 0.01 18.50 *0.02

Table 4 Observed response values with permeability profiles

Samples % CDR Pappx107cm/s | J mg/cm?/hr
F1 (Patch with synthetic penetration enhancer) | 10.20 + 0.01 | 0.28 0.36
F2 (Patch with natural penetration enhancer) 18.50 +0.02 | 0.39 0.48

%CDR: percentage cumulative drug release; Papp: apparent permeability coefficient; J: flux i.e. amount of drug permeated through a unitareaina

unit of time.
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Comparison of % CDR of patch containing
synthetic and natural penetration enhancer
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Figure 3 Comparison of % CDR of patch containing synthetic and natural penetration enhancer

4. Discussion

So, from current study it has been observed that, patch containing natural penetration enhancer has shown more
significant drug permeation profile as compared to patch with synthetic penetration enhancer. This might be due to
presence of piperine and menthol penetration enhancers. As piperine and menthol are one of the natural, safe and
effective penetration enhancers having its easy partitioning, it can modulate membrane dynamics, thus helping to
efficiently permeate drugs across skin barriers. Piperine enhances the permeability of the skin barrier by interacting with
keratinocytes and altering their structure, it inhibits the activity of drug-metabolizing enzymes in the skin, and
increasing the concentration of drugs that reach deeper skin layers. The mechanism of piperine to enhance skin
permeation of drugs possibly involves partial extraction of the stratum corneum, interaction with the keratin of the
stratum corneum, tight junction protein disruption 20.21,

Menthol disrupts the lipid structure of the stratum corneum, the outermost layer of the skin, and increasing
permeability of drugs. menthol has vasodilator effects which increased blood flow to the skin and enhanced circulation
can further promote the delivery of drugs by facilitating their diffusion through the skin's layers 2223,

5. Conclusion

Telmisartan transdermal patches were successfully prepared by solvent evaporation technique, using synthetic and
natural penetration enhancers. The chemical evaluation of patches was also performed. The results of ex vivo
permeability study concluded that permeation of drug through rat skin using natural penetration enhancer is
significantly greater than synthetic penetration enhancer. This is due to piperine and menthol mediated enhancement
in the permeability profile of telmisartan which might be solely accountable for drugs permeability improvement.
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