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ABSTRACT

Transdermal Drug Delivery System (TDDS) is one of the systems lying under the category of
controlled drug delivery, in which the aim is to deliver the drug through skin in a predetermined
and controlled rate. Hypertension is one of the common disorders for the mankind. It is not a
disease in itself, but is an important risk factor for cardiovascular mortality and morbidity. The
present article delivers a brief view on the work been done to increase the bioavailability of
various antihypertensive drugs by formulated and delivered as transdermal patches. The different
drugs includes carvedilol, metoprolol, atenolol, propranolol, labetolol, verapamil, indapamide,
losartan, bisoprolol, timolol maleate, nicardipine hydrochloride, captopril, clonidine, pinacidil,
nitrendipine, nicorandil, diltiazem hydrochloride, lisinopril, nifedipine, amlodipine, valsartan,

enalapril maleate.
KEY WORD: Transdermal, Hypertension, indapamide, losartan, TDDS
INTRODUCTION

First transdermal patch approved in 1979 by FDA was of Scopolamine for motion sickness.
Nitroglycerine was the second patch authorized in 1981. A large variety of patches for
transdermal application are available on the market'. Transdermal delivery not only allows for

continuous, predetermined, and consistent drug administration, but also allows for regulated
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input of medicines with short biological half-lives and prevents pulsed entrance into systemic
circulation, avoiding unwanted side effects. The oral route is the most common method of drug
delivery, but it has some drawbacks, such as first pass metabolism (the rapid uptake and
metabolism of an agent by the liver into inactive compounds immediately after enteric
absorption and before it reaches the systemic circulation), drug degradation in the
gastrointestinal tract due to enzymes, pH, and other factors. A new medication delivery method
based on transdermal patches was developed to address these issues®. A Transdermal Drug
Delivery System (TDDS) is a method of delivering drugs via the skin for local or systemic
therapeutic effects. It is, together with oral medicine and injectable, one of the primary study
topics for third-generation pharmacological preparations’. The drug's delivery technique, which
is easy, simple to use, non-invasive, and improves patient compliance, is one of the reasons
behind this*. TDDS also minimizes drug concentration fluctuations in the blood, maintains stable
plasma levels, reduces the risk of overdosing, and facilitates drug detection™®. Simultaneously, it
avoids issues associated with oral administration, such as the impact of the gastrointestinal
environment (pH, enzyme activity, drug-food interaction) on therapeutic effectiveness and the
“first pass effect.' Transdermal drug delivery systems were commonly used to treat various skin
disorders. Also, substantive applications have been found in the management of angina pectoris,
pains, smoking, cessation & neurological disorders such as Parkinson’s disease”®. Transdermal
patches, are one of the novel pharmaceutical dosage form for the delivery of drugs upon
application to the skin and into the bloodstream. By nature the patches are expected to provide
controlled/sustained/modified delivery of drugs for defined period of time with predefined rate.
Because the skin is such an efficient barrier, only medicines with a low molecular weight may be
administered this way. Transdermal patches are currently accessible in a wide range of
medicines. The first commercially available prescription patch was authorized by the US Food
and Drug Administration in December 1979. Since then transdermal drugs continued to gain
popularity along with further improvements to improve safety and efficacy. Further major step
was the production of patches delivering peptide and even protein substances including growth
hormone, insulin, and vaccines ect’. Transdermal patches can be categorized into three
categories - first generation, second generation, and third generation. They are available in
different sizes & having more than one ingredients. Once they apply on normal skin they deliver

active ingredients into systemic circulation passing through skin barrier. A transdermal patch
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containing high dose of drug inside is retained on the skin for prolonged period of time and

enters into blood systemic circulation by diffusion process'.
ANTIHYPERTENSIVE DRUGS DELIVERY THROUGH TDDS

Some of the antihypertensive drugs have already been formulated and evaluated as transdermal
patches but most of them still been unexplored. Transdermal formulation of antihypertensive
drug is promising aspect in near future. Mortality from heart diseases increases dramatically with
age. Hypertension is one of the main causes of heart disease and, in recent years, the age adjusted
hypertension and hypertensive disease death rates have been increasing''. Consequently, the
prevention and treatment of hypertension is of major social significance'?. Hypertension is
defined conventionally as a sustained increase in blood pressure 140/90 mmHg, a criterion that
characterizes a group of patients whose risk of hypertension-related cardiovascular disease is
high enough to merit medical attention. Actually, the risk of both fatal and nonfatal
cardiovascular disease in adults is lowest with systolic blood pressures of less than 120 mm Hg
and diastolic BP less than 80 mm Hg; these risks increase progressively with higher systolic and

diastolic blood pressures".

The possibility of achieving controlled zero order absorption, simple mode of administration and
the option of easy withdrawal of dose in case of adverse manifestations make them desirable in

antihypertensive therapy'*.
CALCIUM CHANNEL BLOCKER

Amlodipine: Pharmacokinetically it is the most distinct dihydropyrimidines belonging to the
class of calcium channel blockers. It has complete but slow oral absorption: peak after 6-9 hr.
Volume of distribution and t1/2 are exceptionally long: diurnal fluctuation in blood level is
small1".

Tusnova Sharmin, et al (2020) designed to developed Hydroxypropyl Methylcellulose (HPMC)
based polymeric films of amlodipine besylate to explore HPMC as a rate retardant polymer in

transdermal drug delivery system. Films were formulated by the solvent casting method"®,

Theodore, E. Abraham et al (2016) developed and evaluated transdermal patches containing

antihypertensive drug Amlodipine besylate. In-vitro permeation studies of formulations were
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performed by using modified Franz Diffusion cell. All prepared formulations were of good
physical stability. From all the studies performed it was found that formulation F7 shows

optimum release’”.

Lincy John, et al (2014) designed and evaluated Amlodipine transdermal patches & compare
these patches using polymers such as hydroxypropylmethylcellulose and chitosan . Amlodipine
were prepared by solvent casting method by using polymers like hydroxypropylmethylcellulose
and chitosan in different proportions(1%, 1.5%, 2% and 2.5%)'®.

John, Lincy et al (2013) designed and evaluated Amlodipine transdermal patches using
polymers such as ethyl cellulose. Matrix type transdermal patches containing Amlodipine were
prepared by solvent casting method by using polymers like ethylcellulose 1 %, 1.5 %, 2 % and
2.5 % and a total of eight formulations we re prepared. Out of these eight formulations of EC, 1.5
% Ethylcellulose (E6) was optimized since they produced a sustained and a complete release

over a period of 24 hours"’.

Sanju Nanda, et al (2012) developed a matrix-type transdermal therapeutic system containing
drug Amlodipine besilate with different ratios of hydrophilic (hydroxyl propyl cellulose) and
hydrophobic (Eudragit RL/RS 100) polymeric systems by the solvent evaporation technique®.

Diltiazem hydrochloride: Diltiazem is a non-DHP member of the group of drugs known as
benzothiazepines, which are a class of calcium channel blockers, used in the treatment of
hypertension, angina pectoris, and some type of arrhythmia. The biological half-life of diltiazem
is 3-4.5 hrs. Diltiazem is well absorbed from the gastrointestinal tract but undergoes substantial

hepatic first-pass effect.

Parhi R, et al (2016) focused on the development of Diltiazem HCI (DTH) matrix film and its
characterization by in-vitro, ex-vivo and in-vivo methods. Films were prepared by solvent casting
method by taking different ratios of hydroxypropyl methylcellulose K4M (HPMC K4M) and
Eudragit RS100. he in-vivo antihypertensive activity results demonstrated that formulation DF9

was effective in reducing arterial blood pressure in normotensive rabbits?'.

Limpongsa E, et al (2008) investigated the suitable polymeric films for the development of
diltiazem hydrochloride (diltiazem HCI) transdermal drug delivery systems. Hydroxypropyl
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methylcellulose (HPMC) and ethylcellulose (EC) were used as hydrophilic and hydrophobic film

, 2
formers, respectively®>.

Nicardipine hydrochloride (NC- HCI): Nicardipine hydrochloride (NC-HCIl) a calcium
channel blocker for the treatment of chronic stable angina and hypertension. The onset of action
is 5-10 min, and duration of action is between 15-30 min. The half life of the drug varies

between 2-4 hr and bioavailability ranges 20-40%.

Aboofazeli Reza et al. (2002), prepared and evaluated flux and elucidate mechanistic effects of
formulation components on transdermal permeation of the drug through the skin. Based on the
solubility results vehicles are selected and investigated, which include pure solvents alone and
their selected blends. Among the systems studied, the ternary mixture of PG/OA/DMI and binary
mixture of PG/OA showed excellent flux. The results showed that no individual solvent was

capable of promoting NC-HCl penetration®.

Y S R Krishnaiah et al (2002), developed a membranemoderated transdermal therapeutic
system (TTS) of nicardipine hydrochloride using 2%w/w hydroxypropyl cellulose (HPC) gel as a
reservoir system containing 4%w/w of limonene as a penetration enhancer. The permeability
flux of nicardipine hydrochloride through ethylene vinyl acetate (EVA) copolymer membrane
was found to increase with an increase in vinyl acetate (VA) content in the copolymer.
Nicardipine hydrochloride permeability through EVA 2825 membrane coated with
TACKWHITE 4A MED/skin composite was higher than that coated with MA-31or MA-38%.

Nifedipine: Nifedipine, a calcium channel blocker used in the treatment of angina pectoris and
hypertension. Its half life is 2-4 hrs requires frequent dosing of the drug. Even though nifedipine
is rapidly and almost completely absorbed from GI tract it undergoes extensive first pass

metabolism (around60%) resulting in a poor bioavailability (45%) after oral administration.

Mohammed Gulzar Ahmed et al (2010), prepared Transdermal patches of nifedipine with
different composition of PVP and PVA polymers were prepared by moulding technique patches
containing 3:2 ratio of PVA: PVP were found to be yellow in color, homogenous and flexible
compared to others. Effect of penetration enhancers on the in- vitro permeation of nifedipine

across rat abdominal skin was carried out for patches with 3 different types of penetration
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enhancers showed all the patches with permeation enhancer increased the permeation of the drug

from the membrane®,

Verapamil: Verapamil is a calcium channel blocker. It has cardio depressant property. It is
widely used in the treatment of angina, hypertension and supraventricular tachyarrhythmias. The
plasma half-life of verapamil hydrochloride is 2-7 hrs, which necessitates multiple dosing. It is
approximately 90% absorbed from the gastrointestinal tract but is subjected to considerable first

pass metabolism and its bioavailability is around 20-30%.

Chen, Y.-s et al (2022) developed a sustained-release transdermal delivery system containing
losartan potassium (LP) and verapamil hydrochloride (VPH). LP and VPH have low
bioavailability and long half-life. The prepared LP-VPH transdermal patch showed good stability
and no skin irritation. The developed LP-VPH TDDS showed a sustained-release effect and good

characteristics and pharmacokinetics; therefore, it is an ideal formulation®®.

Marapur SC, et al (2018) developed and evaluated a matrix type of transdermal drug delivery
system containing Verapamil Hydrochloride. The series of formulations containing Verapamil
Hydrochloride were formulated by using different polymers like HPMC (hydrophilic), CAP
(hydrophobic) and EC (hydrophobic) in different ratios by solvent evaporation technique?’.

Jatim sood et al (2013) developed matrix-type transdermal patches of verapamil hydrochloride
(VPL) with combinations of hydroxypropyl methyl cellulose (HPMC) and hydroxy propyl
cellulose (HPC) as matrix polymers and to investigate the influence of oleic acid (OA) on in
vitro permeation of VPL through rat skin. In vitro release profiles showed that from optimized

combination the release of the drug was sustained and it extended over a period of 24 hr®®.

V. Devi Kusum et al (2003), designed and evaluated diffusion controlled transdermal patches of
verapamil hydrochloride using four different polymers (individual and combination): Eudragit
RL100 (ERL100), Eudragit RS100 (ERS100), hydroxypropyl methylcellulose 15 cps (HPMC),
and ethyl cellulose (EC), of varying degrees of hydrophilicity and hydrophobicity. Different
formulations were prepared with ERL100 being the parent polymer. It was concluded that the
patch containing ERL100 and HPMC in the ratio 8:2 has achieved the objectives of transdermal
drug delivery system, such as avoidance of first pass effect, extended release, and reduced

frequency of administration *°.
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THIAZIDES DERIVATIVES

Indapamide: Indapamide is a long-acting hypertensive with both diuretic and vasodilative

action. first-line drug for the treatment of first-line drug for the treatment of hypertension.

Nagai N, et al (2019) designed the transdermal formulations containing indomethacin (IMC)—
1% IMC was crushed with 0.5% methylcellulose and 5% 2-hydroxypropyl-f-cyclodextrin. In an
in vitro experiment using a Franz diffusion cell, the skin penetration in N-IMC/MT gel was
enhanced than the N-IMC gel, and the percutaneous absorption (AUC) from the N-IMC/MT gel
was 2-fold higher than the N-IMC gel. Findings suggest the utility of a transdermal drug delivery

system to provide the easy application of solid nanoparticles (SNPs) .

G S Sanap et al (2008), employed solvent casting method for preparing transdermal monolithic
system using HPMC and EC polymers by incorporating glycerin and dibutyl phthalate as
plasticizer, respectively. Eight monolithic systems were prepared. The results indicated which
may attributed to high water vapor permeability of HPMC film and hydrophobic nature of EC.
HPMC polymer (F3) has shown maximum release than that of systems containing other

. . 1
vegetable oils as permeation enhancers®".

Hydrochlorothiazide:

Thyagarajan A, et al (2015) developed a transdermal patch containing Atenolol and
hydrochlorothiazide in combination using blends of different polymeric combinations such as
hydroxypropyl methyl cellulose, sodium alginate, and polyethylene glycol. The patches were
subjected to physicochemical tests and in-vitro drug release study. Developed transdermal
delivery system containing Atenolol & hydrochlorothiazide might be a milestone in the

combinational therapy of hypertension32.

Agrawal SS, et al (2010) compares the bioavailability of these two study drugs from a TDDS
with conventional immediate release oral tablets in healthy volunteers. It was concluded from
these observations that the TDDS meets the intended goal of at least 2day management of stage
IT hypertension with application of a single transdermal patch, hence improving patient

compliance over the inconvenience seen with frequent oral administration™.

ANGIOTENSIN-CONVERTING ENZYME (ACE) INHIBITORS
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Captopril: Captopril has been widely used for the treatment of hypertension and congestive
heart failure. The drug is considered asa drug of choice in anti-hypertensive therapy due to

itseffectiveness and low toxicity™*.

Bharati R. Gondane, et al (2023) developed Captopril liposomsal gel in order to accomplish
short half life of captopril to eliminated a first-pass metabolism of captopril in GIT. To enhances
the bio-availability of drug. To increases a sustained release of drug for prolonged period of
time. Firstly, developed liposomes by ether injection method and then formulated a liposomal gel
by using dispersion method. Captopril gel formulation used transdermally to treat a hypertension.
Also, eliminated a problem of orally administered drug caused. It also protects a drug from

hepatic degradation. Increase better patient compliances™.

Pravin Uttekar, et al (2016) formulated matrix type TDDS which contains the drug captopril
using hydroxy propyl methyl cellulose E-15(HPMC E-15), Eudragit RS 100 as a release
controlling polymers. The formulated patches were characterized by diffusion studies. The work

was aimed to develop the TDDS which controls the release of captopril up to max time period™®.

S, Duraivel et al (2014) formulated a Transdermal drug delivery system of captopril, to
investigate the effect of different penetration enhancers, and to study the in vitro permeation
characteristics of the drug through the excised rat skin. Transdermal patches of captopril were
formulated using EC, PVA, PVP, PEG6000. In-vitro skin permeation studies indicated that PVA:
PEG6000 matrix type film may be fabricated in to effective system and DMF showed better

result’’.

Mohabe, Vandana et al (2011) Transdermal matrix patches of captopril were prepared by
casting method employing different ratios of polyvinyl alcohol, ethyl cellulose, polyvinyl
pyrrolidone and hydroxypropyl methylcellulose. The hydrophilic and hydrophobic polymers in
combination showed sufficient potential for the development of transdermal drug delivery
system of captopril®®.

Rajesh Sreedharan Nair et al (2013) formulated and evaluated the matrix type transdermal
drug delivery systems of captopril, with different polymer combinations and penetration
enhancers. Eight formulations (F1eF8) were prepared by the solvent casting technique using

varying proportions of polymers such as hydroxypropyl methylcellulose (HPMC), poly-ethylene
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glycol (PEG) 400, along with the permeation enhancers such as menthol and aloe vera at
different concentrations. The formulation coded as F6 was found to be the ideal patch, shown the

maximum drug permeation of 90.04% at the end of 24 h followed Higuchi diffusion kinetics®.

Enalapril : Enalapril is used in the treatment of hypertension, congestive heart failure and to
alleviate strain on heart damaged by heart attack. EP has low logPof 0.19 and the effective half-
life following multiple doses is 11-14 h. It has low bioavailability (about 40-60%) due to its
hepatic first-pass metabolism. The administration of this antihypertensive drug via the
transdermal route is needed to achieve controlled release in order to minimize adverse effects

associated with oral administration and to improve its therapeutic efficacy and bioavailability®.

Chandrashekar C. Patil, et al (2016) developed and evaluated matrix type transdermal patch of
Ramipril, an ACE inhibitor and anti hypertensive drug using with Eudragit RL 100, Eudragit RS
100 and Ethyl cellulose in different ratios prepared by the Mercury Substrate Technique. It is
shown that drug release follows zero order and the mechanism of release is diffusion from the
polymer. All the systems were found to be stable with respect to drug content as well as physical

changes at 40 °C and 75 % RH*.

Natrajan, R. et al (2011) developed the Transdermal matrix patches of Enalapril maleate, an
angiotensin converting enzyme inhibitor. The Matrix patches were prepared by solvent casting
technique with propylene glycol (3%) as plasticizer and Water as solvent. The patches were
formulated by using hydroxyl propyl methyl cellulose alone having drug and polymer ratio 1:5,
1:7, 1:9 and one more patch was formulated using hydroxyl propyl methyl cellulose with
permeation enhancer, Span 80 (1%) in ratio of 1:9. Enalapril maleate could be administered
transdermally through the matrix type TDDS for effective control of hypertension; congestive

heart failure and angina pectoris*’.

Lisinopril: Lisinopril is used against chronic conditions like hypertension, diabetes nephropathy
and cardiac heart failure. It does not undergo metabolism and excreted unchanged in urine. The
logP and half-life of LP is1.2 and 12 h, respectively, thus effective as single daily dose

medication, but severely suffers from average inter-subject bioavailability of 25%*.

Jain A, et al (2012) focused to assess iontophoretic permeation of Lisinopril at different current

densities and concentrations for development of patient-controlled active transdermal system.
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The obtained results indicate that permeation rate of Lisinopril across the pigskin can be

considerably enhanced, controlled or optimized by the use of Iontophoresis technique**.

Banweer et al. (2010) overcome the poor oral bioavailability of the LP, transdermal patches
were prepared using HPMC and polyvinyl alcohol in 1:1 ratio as polymeric matrix using glycerol
(6%) as plasticizer. Isopropyl alcohol and oleic acid alone and in combination were added as the
penetration enhancers in different concentrations and ratios. It was described that blend of oleic
acid and isopropyl alcohol produced more pronounced release via goat skin, which clearly
dictates the synergistic effect of the enhancers if used in combination and the effect found to be

dependent on the concentration of the enhancers®.

Ramipril: Ramipril is an antihypertensive drug, has logP of 0.92. Following oral administration
it undergoes extensive firstpass metabolism and presented a bioavailability of 55-65%.
Moreover, it has a half-life of 13 to 17 h. RP seems to be a potential candidate for transdermal

delivery system®®.

K. P. Sampath Kumar, et al (2018) formulated Transdermal patch containing by solvent
casting technique using as film former and propylene glycol as plasticizer such Transdermal
patches are advantages in providing effective treatment for Hypertension with enhanced patient
compliance. the formulation R10 is emerged as ideal formulation for Ramipril because it showed

better release with sustained effect as compared to other formulations®’.

Chandrashekar et al (2016) developed and evaluated matrix type transdermal patch of
Ramipril, an ACE inhibitor and anti hypertensive drug using with Eudragit RL 100, Eudragit RS
100 and Ethyl cellulose in different ratios prepared by the Mercury Substrate Technique. Drug
permeation through rat skin was carried out using Keshary-chein diffusion cells by in-vitro
study. All the systems were found to be stable with respect to drug content as well as physical

changes at 40 °C and 75 % RH*.
ANGIOTENSIN -1I RECEPTOR BLOCKERS (ARBs)

Losartan: Losartan was the first ARB and it is widely used for the management of hypertension
(Velasquez, 1996). LS is the drug of choice for sustained release formulation since it has a short

half-life of about 1.5 to 2 h, which requires frequent dosing necessary to maintain the therapeutic
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blood level for long-term treatment. LS shows considerable first-pass metabolism in the liver and

thereby has poor bioavailability (25-35%) when administered 0rally49.

Almazan E A, et al (2020) developed of a losartan potassium patch for the treatment of
hypertension showed that a combination of hydrophobic and hydrophilic polymers, using as a
plasticizer citroflex and succinic acid as a cohesion promoter result in homogeneous films. In
the in-vitro penetration studies by passive diffusion, a flow (J) of 42.2 pg/cm2h, a permeability
constant (kp) of 2.1793E-03 cm/h and a latency time (tL) of 17.20 h and with the use of
microneedles a flow (J) of 61.7 pg/cm2h, a permeability constant (kp) of 3.1869E-03 cm/h and a
latency time (tL) of 17.74 h were obtained™".

Kumar, et al (2019) prepared patches by solvent evaporation method. The patches were
subjected for following evaluation parameters such as physical appearance, weight variation,
thickness, folding endurance, drug content, percentage moisture absorption, percentage moisture
loss, water vapour transmission rate, tensile strength, diffusion studies and skin irritation studies.
he patches F4 to F6 were prepared by incorporating permeation enhancers, which showed
promising result. The patches containing oleic acid shows near complete release followed by

DMSO and DMF,

Adamude,et al (2017) designed to develop a suitable matrix type transdermal drug delivery
system (TDDS) of Losartan potassium. Study concluded that Losartan potassium can be
formulated into the transdermal matrix type patches to sustain its release characteristics.
Polymeric composition of batch TP1 (PVP K30: Chitosan: 70:30) was found to be the best
choice for manufacturing transdermal patches of Losartan potassium among the formulations

studied™2.

Valsartan: Valsartan is a highly selective angiotensin II type 1 receptor blocker that has been
widely used for the treatment of hypertension. When administrated orally in humans, VS is
rapidly absorbed. It has a favorable logP(4.5) and mean halflife (7.5 h). Its Cmaxoccurs at 2 to 4
h, and it is then excreted into bile. The oral bioavailability of VS is 10-35%, which is mainly due
to poor absorption in the gastrointestinal tract. Additionally, food intake is known to reduce the
Cmax and AUC of VS by 50 and 40%, respectively. The transdermal administration of VS is a

possible solution to overcome these problems™.
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Ahad et al. (2014b), developed transdermal carbopol gel formulation bearing VS and 1,8-
cineole. The optimized formulation demonstrated highest transdermal flux, with an enhancement
ratio of 4.53 when compared to control gel formulation. Incorporation of 1,8-cineole and ethanol
in gel formulation enhance the permeation of VS significantly. Skin irritation study revealed that
the developed formulation was safe, less irritant and well tolerable formulation for transdermal
delivery and was successful in reverting the rat BP to normal values in experimental
hypertensive rats. Optimized a transdermal gel formulation of VS using the Box—Behnken design
containing iso-eucalyptol as permeation enhancer and evaluated for pharmacokinetic study. The
independent variables were carbopol 940, polyethylene glycol 400 and ethanol, while
transdermal flux, Tlag, and gel viscosity were the reported dependent variables. Overall, it was
accounted that iso-eucalyptol can be successfully used as a potential permeation enhancer for the

enhancement of skin permeation and bioavailability of lipophilic drug™.

Rizwan et al., investigated the feasibility of VS for transdermal delivery and examined the effect
of various terpenes, namely forskolin, 1,8-cineole, d-limonene, I-menthol and linalool on skin
permeation of VS. Authors exhibited that, no apparent skin irritation (erythema, edema) was
observed on treatment of skin with aforementioned terpenes. Authors concluded that 1,8-cineole

was found to be the most effective enhancer for diffusion of VS through rat skin®.

Olmesartan: Olmesartan is a selective AT 1subtype angiotensin II receptor antagonist. It exhibits
more than 12 500-fold greater affinity for the angiotensin II receptor type 1 than for the
angiotensin II receptor type 2, making it theoretically the second most potent agent >°. Oral OS
10—40 mg once daily is recommended for the treatment of adult patients with hypertension. It is
an effective and well-tolerated agent, with a long duration of action, and single daily dose may

be used to treat hypertension®’.

El-Dahmy et al (2023) aimed to develop oleogel formulations to decrease OLM side effects and
boost its therapeutic efficacy and bioavailability. OLM oleogel formulations were composed of
Tween 20, Aerosil 200, and lavender oil. The pharmacokinetic study showed that the optimized
oleogel increased OLM’s bioavailability by more than 4.5- and 2.5-folds compared to the
standard gel and the oral market tablet, respectively. These results confirmed the success of

oleogel formulations in the transdermal delivery of OLM™,
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Naga et al (2022) created matrix-type Olmesartan medoxomil transdermal patches utilizing the
solvent evaporation method and various polymer ratios, including HPMC 15 cps, HPMC 5 cps,
and Eudragit S 100. Plasticizers like glycerin, propylene glycol, and PEG 200 are used, along
with solvents like methanol and chloroform. According to FT-IR studies, pure drugs and
excipients are compatible with each other. The generated patches are assessed for their thickness,
weight variation, folding endurance, moisture content, drug content, surface pH, and in vitro
diffusion studies. Among all the formulations, F6 showed the best characteristic properties and in

vitro drug diffusion®.

Telmisartan: Telmisartan is used in the management of hypertension. TS bind to the angiotensin
IT type 1 (ATI) receptors with high affinity, causing inhibition of the action of angiotensin II on
vascular smooth muscle, ultimately leading to a reduction in arterial BP. It is used alone or in

combination with other classes of anti-hypertensives for the treatment of hypertension®.

Kandalkar A, et al (2021) developed Transdermal patches of Telmisartan and Telmisartan plus
various extract of Cinnamon bark to find out the bioenhancing effect of various extract of
Cinnamon bark. The transdermal patches were formulated using solvent casting technique with
the help of various polymers. Formulation no. F37 shows maximum bioenhancing action
compared to all other patches which contains Telmisartan along with the Ethanolic extract of the

. 61
Cinnamon bark”".

Yadav, et al (2017) developed a polymer matrix diffusion controlled transdermal drug delivery
system containing drug Telmisartan with different ratio of hydrophilic (HPMC) and lipophilic
(EC, Eudragit RS 100) polymeric system by solvent casting technique. The invitro permeation
study performed by diffusion cells. The maximum invitro % drug release was observed up to 48

hrs with formulation F8 containing HPMC: EC: Eudragit RS 100 in (5:0:1) ratio®?.

Candesartan: Candesartan may be used alone or with other agents to treat hypertension. It is
administered orally as the prodrug, CS-cilexetil, which is rapidly converted to its active

metabolite during absorption in the gastrointestinal tract®.

Hira et al (2019) formulated and characterized the transdermal patch of Candesartan celexitil.
The objective is study was to increase the bioavailability of drug. In the present study,

transdermal patch of Candesartan celexitil were prepared by solvent casting technique employing
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HPMC cps 50 polymer and glycerin as plasticizer using mercury as substrate. Total thirteen
formulation (F1-F13) were prepared. It was concluded that the prepared formulation F13 (4%
w/v of oleic acid) showed highest cumulative percent drug release and increase the

bioavailability of the drug®.

Reddy, et al (2013) developed a suitable matrix type transdermal patch of Candesartan Cilexetil,
using blends of two different types of polymeric combinations viz. HPMC K100 and Eudragit
RL100 prepared formulations. Based on the observation, it was revealed that HPMCK100-
eudragit RL100 polymers are better suited for the development of Candesartan cilexetil

transdermal patches®.
POTASSIUM-CHANNEL OPENERS

Pinacidil: Pinacidil is a lipophilic drug used for the management of mild-to-moderate essential
hypertension and has fewer side effects. It is belonging to the class of potassium channel
openers. It acts by opening the potassium channels leading to hyperpolarization and peripheral
vasodilation. It possesses low oral bioavailability (57%) due to hepatic first-pass metabolism
after oral administration. It has a logP of 0.107 and has a short biological half-life of 1.6-2.9 h,
which makes frequent dosing necessary to maintain the drug within the therapeutic blood levels

for long periods. Hence, PD is an ideal drug candidate for transdermal drug delivery®®.

Krosuri, et al (2021) formulated and evaluated matrix type transdermal patches of pinacidil
monohydrate in order to improve patient compliance by sustaining its action and by avoiding its
gastrointestinal side effects. he developed transdermal films prolonged release for 24 hrs and

thus found useful to improve the patient compliance of Pinacidil monohydrate®”.
BETA - BLOCKERS

Carvedilol: Carvedilol is a Bl + B2 + a 1 adrenoceptor blocker; produces vasodilation due to al
blockade as as calcium channel blockade, and has antioxidant property. It has been used in
hypertension and is the B blocker especially employed as cardioprotective in congestive heart
failure (CHF). Oral bioavailability of carvedilol is 30%. It is primarily metabolized and has a
half-life of 6-8 hrs.
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Mo L et al (2022) optimized and evaluated transdermal patch of Carvedilol by the use of
different polymer and different permeation enhancers which help to release drug in controlled
action and thereby increase the bioavailability of the drug. The conclusion was, transdermal
patch of Carvedilol which contains Eudragit RS-100 polymer and Span 80 as penetration

enhancer produced sustained and continued drug release™.

Mo, et al (2021) optimize and evaluate transdermal patch of Carvedilol by the use of different
polymer and different permeation enhancers which help to release drug in controlled action and
thereby increase the bioavailability of the drug. The conclusion was, transdermal patch of
Carvedilol which contains Eudragit RS-100 polymer and Span 80 as penetration enhancer

produced sustained and continued drug release®.

Niharika Lal, et al (2018) prepared Transdermal patches containing Carvedilol by spreading
method by using a fixed concentration of various grades of acrylic polymer; drug and penetration
enhancers. The patches were evaluated for different physical parameters with Ex-
vivo permeation studies. Skin irritation studies are conducted by using Albino Rats. Ex-
vivo permeation across excised rat skin from these formulated carvedilol patches were found to
be sustained over 12 h and followed the zero-order model with Fickian diffusion mechanism.
The effect of permeation enhancers was in order: Span 80> farnesol >oleic acid. The skin

irritation test demonstrated absence of any sign of skin irritation”.

Pisipati Aparna, et al (2013) developed and optimized carvedilol transdermal delivery system.
F19 yielded release profile nearer to the theoretical predictions with R 2 of 0.9888 and followed
Higuchi ki netics. Thus a diffusion-mediated carvedilol matrix patch was successfully

developed”" .

Metoprolol: It is a prototype of cardio-selective (1) blockers; is incompletely absorbed (oral
bioavailability 35%), has short elimination half life of 2-3 hrs and undergoes extensive first pass

metabolism.

Chauhan, et al (2019) formulated, developed and evaluated metoprolol tartrate transdermal
patches using various synthetic and natural penetration enhancers. . It can be concluded that
naturally occurring volatile oils i.e., terpenes appear acceptable permeation enhancer and shows

the best permeation across skin as indicated by high percutaneous enhancement ability’>.
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Malipeddi et al (2017) developed matrix-type transdermal drug delivery system (TDDS) of
metoprolol tartrate using polyvinyl pyrrolidone (PVP) and polyvinyl alcohol (PVA). The
transdermal films were evaluated. The transdermal films showed good stability in the 180-day
stability study. It can be concluded that the TDDS of MPT can help in bypassing the first-pass
effect and will provide patient improved compliance, without sacrificing the therapeutic

advantages of the drugs”.

Anisree, et al (2012) formulated different matrix-type transdermal films containing Metoprolol
tartrate with an objective to study the effect of polymers on the release characters. The fabricated
films were evaluated for various parameters. Invitro permeation studies were carried out to
identify the ideal film. The formulation having the polymeric combination of Ethyl cellulose and
Hydroxy propyl methyl cellulose (1.5: 3.5) met all the evaluation parameters and selected as

ideal formulation’?.

Atenolol: Atenolol is relatively a selective f1blocker having low lipid solubility. It is completely
absorbed orally, but first pass metabolism is not significant. It is one of the most commonly used

B blockers for hypertension and angina.

P Eswaramma et al (2010) developed matrix type transdermal films of atenolol Formulated
films were evaluated physically. In-vitro permeation studies of formulations were performed by
using Franz diffusion cells. The results followed the release profile of Atenolol followed mixed
zero-order and first-order kinetics in different formulation. These results indicate that the
formulation containing the F4 [CAP : PVP (6:1)] has shown optimum release in concentration

independent manner”".

Propranolol: Propranolol is a  blocker which is used in management of hypertension. Due to

short biological half-life of 3.9 hrs it necessitates for controlled delivery.

Guru Sharan et al 2010) prepared Propranolol hydrochloride loaded patches using solvent
casting and evaporation technique and checked the effect of various permeation enhancers on
formulated patches. They concluded that, formulations are non irritable to the skin tissue and it

. 6
can be safer for therapeutic use’®.
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Labetolol: Labetolol is o and [ non-selective blocker of adrenergic receptors. It binds
competitively with these receptors and inhibits proliferation of cardiovascular symptoms e.g.
hypertension. It also undergoes extensive hepatic first pass metabolism (60-75%) leading to poor

bioavailability on oral administration.

Mittal A. et al (2009) developed and evaluated matrix type transdermal films containing new
polymeric combinations (Eudragit E PO/Eudragit RL 100 & Plasdone S 630) as polymers and
Labetalol Hydrochloride (LBHCI) as a model drug by film casting technique. The optimized
formulation was found to be stable at ambient storage conditions and holds promise for improved

bioavailability and better management of hypertension on long term basis’”.

CONCLUSION

TDDS are topically administration of medicaments through the skin for systemic effects at a
predetermined and controlled rate in the form of transdermal patches. Transdermal drug delivery
of antihypertensive drugs is able to provide optimum amount of drug to control the disease
condition along with minimum side effects. This review on different antihypertensive drugs
showed that, by delivering drug through this route improves bioavailability a well as patient
compliance. This can also lead to cost effectiveness of healthcare treatment for the long term

management of hypertension.

But the main limitation is that, the drug should possess certain specific physicochemical
properties which should be suited to permeate through the skin, therefore all antihypertensive
drugs cannot be given by this route. Transdermal drug delivery market is growing and there is a
prospect of higher growth in this market over the next several years. Transdermal delivery of

antihypertensive drugs is expected to have a profound impact on patient care.

Amongst the approaches used, chemical penetration enhancers have been intensively
investigated over the years. Extensive research during the past two decades has revealed
considerable information on several classes of chemical penetration enhancers. Efforts have been
directed at identifying safe and effective enhancers from both natural products and synthetic
chemicals. There have been noteworthy research attempts made globally to examine the

percutaneous permeation and to develop TTS of various antihypertenstion drugs.
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