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ABSTRACT

Tamsulosin is a highly selective a1-adrenoreceptor antagonist. It has been developed to treat signs and symptoms of benign prostatic hyperplasia.
Tamsulosin is absorbed quickly and completely in intestinal mucosa and is eliminated gradually after oral administration, which might generate
some side effects as postural hypotension in number of patients. Transdermal drug delivery systems were developed for prolonged tamsulosin
delivery in order to control its bioavailability and minimize its side effects. Hence, the present review aims to discuss thoroughly the various
transdermal drug delivery systems of tamsulosin investigated in recent years. This review also discusses the skin as a route of drug administration,
technologies in transdermal drug delivery along with different techniques used in the preparation of transdermal delivery systems of tamsulosin

and their effects on its release and permeation.
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INTRODUCTION

Tamsulosin is a selective al adrenoreceptor antagonist that is
commonly used to treat signs and symptoms of prostatic gland is
enlargement disorder. This condition is known as benign prostatic
hyperplasia. Mainly, it affects men. The enlarged gland presses and
compresses the urethra and ultimately the bladder might weaken
and fail to empty completely. The urinary retention and narrowing
of the urethra are responsible for symptoms related with benign
prostatic hyperplasia. Tamsulosin role is to relax smooth muscles of
the prostate and bladder thus, urine can flow easily. Therefore,
benign prostatic hyperplasia symptoms will be decreased [1].

Tamsulosin is a white to slightly yellowish crystalline powder that is
freely soluble in methanol, sparingly soluble in water, slightly
soluble in glacial acetic acid and in ethanol and practically insoluble
in ether [2]. Tamsulosin has an empirical formula of C20H29CIN20sS
and a molecular weight of 444.971 g/mol. Tamsulosin HCI has a
melting point of 226-228 °C [3].

The metabolism of tamsulosin is taken up by Cytochromes P450
liver enzymes. It is eliminated through urine (76%) and feces (21%).
The half-life of tamsulosin in the rate-controlled dosage form is
about 14-15 h in BPH patients [4]. The penetration of tamsulosin
after oral administration is rapid and the maximum levels are
reached within 1.0-1.8 h. In addition, tamsulosin HCl is highly bound
to plasma protein (98.9-99.1%) [5].

The absorption of tamsulosin is widely depend on food. Area under
the curve and maximum plasma concentration are lower in the fed
state compared to the fasting state. For that reason, it is suggested to
administer tamsulosin on empty stomach and at the same time
every day. Lack of patient compliance will result in a flocculation in
tamsulosin blood concentration, which would increase tamsulosin
side effects. tamsulosin side effects include sinus and nasal
congestion, hoarseness of voice, headache, dizziness, palpitation,
orthostatic hypotension and tachycardia. Enhancement and offering
more controlled tamsulosin plasma concentration will lead to an
increase its efficacy and decrease its side effects [6].

Tamsulosin is supplied as oral capsules under the trade name
Flomax® (strength 0.4 mg; Boehringer Ingelheim). Oral tamsulosin is
given in 0.4 mg/day or 0.8 mg/day doses half an hour after meal at
the same time once daily [7].

Tamsulosin (fig. 1) is 5-[(2 R)-2-[[2-(2-ethoxy phenoxy) ethyl]
amino] propyl]-2-methoxy benzene sulfonamide hydrochloride [8].
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Fig. 1: Structure of tamsulosin [9]

Diverse dosage forms of tamsulosin are available in order to avoid
the side effects associated with high peaks concentrations.

For this review article, the key phrases employed in the literature
search were ‘Tamsulosin’, ‘Tamsulosin dosage form’, ‘the skin’,
‘Transdermal drug delivery system’, ‘Technologies in Transdermal
Drug Delivery’ and ‘Transdermal drug delivery systems of
tamsulosin’ using ‘Google search engine’, ‘Pubmed’, ‘Science direct’,
‘Cross references’, ‘Google Scholar’, and ‘Scopus’. Since 1998 and by
initial peer-review of the articles some papers that contained the
stated keywords have been involved in this study.

Tamsulosin oral dosage form

Oral-controlled Absorption system (OCAS®) is an advanced matrix
drug delivery system for tamsulosin. OCAS® is constructed using gel-
enhancing and gel-forming agents, which promoted stable drug
release, independent of food or fluid intake and lower incidence of
some side effects [10].

Kumar et al. formulated and evaluated oral extended-released
pellets of tamsulosin utilizing a combination of Eudragit L-100® and
ethyl cellulose N-50 as coating substances. The pellets were
optimized and compared with the innovator product Flomax®
capsule. The pellets showed comparable dissolution rate to Flomax®
but their release was more controlled [11].

Wang et al. prepared and evaluated oral pellets of tamsulosin with a
sustained-release profile by using a two-layered membrane
technique. Eudragit®L30D55 and Eudragit® NE 30D were used as
coating material at different proportions and coating weight.
Sustained-release  tamsulosin pellets  were successfully
manufactured and good release was attained [12].

Transdermal drug delivery system

For many years, the skin has been used for administration of many
dermatological agents to treat skin diseases. In this case, the drug
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molecules are considered to penetrate through the skin to the target
tissue within the skin and make their effect before reaching the
blood circulation. The skin could also provide a site for
administration of drugs that are commonly used for systemic
purposes. Here, the topically applied drug would be absorbed
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through the skin to the blood circulation, which will then be
transported to the target tissue to perform its clinical action [13].

Transdermal drug delivery as a route of drug administration has
many advantages (table 1) [14].

Table 1: Advantages of transdermal drug delivery

Advantages of transdermal drug delivery [14]

Accessible and noninvasive
Avoids GI side effects

Protects drugs from the acidic media in the stomach and the enzymes that present in the intestines.

keeps the drugs safe from being metabolized by liver enzymes.
Easy to apply and remove.

Provides sustained drug-plasma profile over long duration without any possibility of dose dumping

Could be terminated, if necessary, simply by removing the delivery system.

Needs less frequent dosing so patient compliance will be enhanced

Nevertheless, because of the characteristic barrier function of the skin
and slow drugs transport through the skin, drug delivery through
transdermal route is restricted to potent drugs of low doses (less than
10-25 mg/day and if possible less than 5 mg/day) and drugs with low
molecular weight (less than 1000 Dalton and if possible less than 500
Dalton). Moreover, as a result of long application periods of
transdermal delivery systems, skin pores may be blocked, which could
lead to several problems and skin irritation [15].

The skin as a route of drug administration

The skin is the largest organ of the body; it approximately accounts
for 16% of body mass with a surface area of about 2 m2 It is
considered as a barrier between humans and their environment. It
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regulates the passageway of water, electrolytes and different
substances to the body and out of it. It saves the body from toxic
agents, micro-organisms and ultraviolet radiation and controls the
temperature of the body [16].

The skin (fig. 2) is composed of three layers; the epidermis, the
dermis and an underlying subcutaneous fatty layer. The epidermis is
an avascular, stratified, squamous epithelium layer that is
accountable for rigidity and integrity of the skin. The stratum
corneum comprises the outer layer of the epidermis, which is
composed of dead, flattened, dehydrated Kkeratinized cells. The
stratum corneum is composed of lipid, protein and water. It contains
20% water compared to 70% water in normal cells. It is actually the
layer responsible for the impermeability of the skin [16].

Fig. 2: Layers of the skin by Fore et al., 2006 [16]

Drug penetration through the skin is affected by many physiological
factors (as age, temperature, site of application, disease and race)
and physicochemical factors (as drug molecular size, partition
coefficient, solubility, concentration and degree of ionization) [17].

Drug transport through the skin is mainly a passive transport which
can be classified into either epidermal route (across the intact
stratum corneum layer, which is either transcellular or paracellular)
or transfollicular penetration (through the skin appendages) [18].

The most important factors that influence the pathway of drug
transportation are its physicochemical properties and the type of
formulation. The partition coefficient (log k) of the drug is the main
property that governs the pathway that will be taken by the drug; it
is defined as a particular concentrations ratio of a solute between
two solvents. Hydrophilic drugs partition into the paracellular route,
whereas lipophilic drugs use the transcellular route to transverse
the stratum corneum [19].

Understanding the skin permeation kinetics is essential to the
successful transdermal system development. Kinetics of drug

penetration through the skin involves drug dissolution and release
from the formulation, drug sorption into the outermost layer of the
skin, diffusion of the drug through the stratum corneum and
consequent layers, and taking up of the drug into the local capillary
network and eventually the systemic circulation [20].

The skin is composed of multilayer tissue and the concentration
gradient in percutaneous penetration is developed through several
layers (barriers in series) and drug penetration occurs through
different channels (barriers in parallel). Therefore, a complex model
for drug penetration through the skin presents. However, drug
diffusion through the skin is simplified and the rate of permeation
across the skin (dQ/dt) could be obtained from the following equation:

d,
d—Q =P, C4.... (1)
t

Where Caq is the concentration of the penetrant in the donor
compartment and Ps is the overall permeability of the skin tissue to the
penetrant molecule, which could be defined by the following equation:

KSDSS
ho=2 )
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Where K;s is the partition coefficient of the penetrant molecule from
a transdermal system to the stratum corneum, Dss is the apparent
diffusivity for the steady state diffusion of the penetrant molecule
through the skin tissues and hs is the overall skin thickness [20].

The major considered challenge in transdermal drug delivery is
improving percutaneous drug penetration because of the role of the
skin as a barrier. Improving the penetrability through the stratum
corneum enables more control to transdermal drug delivery,
diminishes the intersubject differences and enlarges the number of
drugs that can be formulated for transdermal delivery. Different
physical, biochemical and chemical approaches are effectively
available to improve percutaneous penetration. Physical approach
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includes hydration of the stratum corneum, stripping of the stratum
corneum, application of heat, iontophoresis, sonophorosis,
electroporation, laser energy, microneedles and needless injections
[21].

Technologies in transdermal drug delivery

Different technologies (fig. 3) have been effectively developed to
design and formulate transdermal therapeutic patches, which are
able to control the rate of release and permeation of transdermal
delivered drugs. Reservoir systems, matrix diffusion, adhesive
dispersion and micro reservoir systems are the most commonly
used in the development of transdermal therapeutic systems [22].

Peripheral adhesive Microreservoir

design system

M Backing layer [l Drug reservoir
Rate controller [l Release liner
Adhesive layer [l Occlusive baseplate

Fig. 3: Representative designs of transdermal drug delivery systems by Kandavilli et al., 2002 [22]

The reservoir system, the drug is contained in a distinct
compartment which is made from a drug-impermeable laminate and
a releasing control polymeric membrane and it is usually present in
the form of gel or liquid (solution or suspension). The rate-limiting
polymeric membrane controls drug release from the device. An
adhesive layer may be added over the control membrane as a basal
surface for better skin contact. The main advantage of the reservoir
patch is that it affords a constant drug release rate (zero-order
kinetic). In addition, the drug in the reservoir system, over time or
during storage, tends to diffuse and equilibrates with the control
membrane, providing a priming dose or a burst release upon skin
application, which is advantageous for drugs having a long lag time
between application and the beginning of the therapeutic effect [23].
A major limitation of this patch system is the potential for drug
leakage from the liquid reservoir that could arise as a result of any
damage to the control membrane during storage or during
application. This will result in an uncontrolled drug release and drug
overdosing, leading to a potential toxicity [24].

The matrix system, the drug is mixed with an inert polymer matrix
that controls its release from the system. The drug is homogenously
dispersed in the polymeric matrix. The matrix diffusion system also
contains an impermeable backing layer. Drug release occurs from
one side through the matrix into the skin. Matrix patches can be
applied to the skin directly or an adhesive layer may be added on the
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matrix for better skin contact. Drug release rates from matrix
patches encounters a slight drop over time as a result of continuous
increase in distance of the diffusion pathway as the drug is
progressively depleted from the patch. However, in a well-designed
matrix system, this decline is insignificant and a pseudo zero-order
or seemingly constant drug release rate can be achieved over the
designated period of use [25].

The Peripheral adhesive design, recently designed, simply
incorporates the drug in PSA polymeric layer. This design, which is a
matrix type in principle, resembles the simplest transdermal patch
design. The drug is entirely included in the adhesive polymer matrix
that plays an adhesion function and at the same time confines the
drug and controls its permeation rate. The patches produced are
thinner, lighter, more flexible, and thus are more convenient to wear
and provide better patient acceptability [26].

The micro reservoir system is a combination of the matrix and
reservoir systems [27].

Lipid-based systems (fig. 4) have an important role in bioavailability
enhancement of drugs through the transdermal route. Mainly due to
the lipophilic nature of the skin constituents. Nowadays, the
popularity and advance in lipid-based nano-drug delivery systems
were very great. Particularly, the vesicular delivery systems were
the most prominent for the transdermal route.

TRANSFEROSOMES
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Fig. 4: Some of the available lipid-based systems by Sguizzato et al. 2021 [28]
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Liposome was a major revolution. And later, other liposome-based
derivatives as niosomes, ethosomes, and nanotransfersomes, were
prepared by the modification on liposomes [28].

Liposomes were considered as an effective tool for transdermal drug
delivery of bioactive medications. Liposomes are safe and
biocompatible. They are formed from phospholipids and cholesterol.
Liposomes properties could be modified by altering the composition
of lipid. They offer numerous advantages for transdermal delivery
[29]. Nevertheless, liposomes have a major problem, which is the
accumulation in the stratum corneum. This drawback limits their
effectiveness as a transdermal delivery system. In order to overcome
this problem, a surfactant was added to the system to replace the
cholesterol. This new technology was named transfersomes.

Nanotransfersomes (fig. 5) get their advantages over liposomes
from their elasticity, ultra-deformability and flexibility of their
membranes. These characteristics help the nanotransfersomes to
improved their penetration through the skin layers. Sodium
deoxycholate, sodium cholate, Span, Tween, etc. are used as
surfactants [30].
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Fig. 5: The structure of transfersome by Pola et al., 2023 [30]
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In general, the design of all transdermal patches is described by a
multi-layered construction composed most frequently of the following
basic constituents: an impermeable backing layer, a preparation
formula containing the drug together with the excipients embedded
within a liquid or gel formula or within a polymeric matrix, an optional
rate controlling membrane, an optional adhesive layer for better skin
adhesion, and a protective release liner which is removed before
applying the patch on the skin [31].

Excipients for transdermal drug delivery systems

Transdermal patch delivery systems are basically composed of
polymer matrix or matrices, therapeutic agents, penetration
enhancers, and other excipients. The design and selection of these
additives are critical since they have clear impact on drug release,
elasticity, permeability, and stability of the transdermal delivery
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system. The selection of polymers and other additives should be
based on biocompatibility.

Polymers

Polymers are considered a backbone in the development of
transdermal patches. Polymer selection is important to meet the
specific aims that are intended from the development of the
transdermal drug delivery system. The chemical compatibility of the
polymers with other components of the transdermal system as
drugs, penetration enhancers and plasticizers, must be considered
when the polymers are selected. Polymers also play an important
role in providing consistent and effective drug release throughout
the delivery period. There is a huge diversity of polymers which are
commonly used in the development and formulation of transdermal
patches. They could be used as backing layers, matrix formers,
pressure-sensitive adhesives, rate-controlling layers and release
liners. Polymers used in transdermal drug delivery include
Ethylcellulose, hydroxypropyl methylcellulose, polyvinyl
pyrrolidone, Eudragit® and ethylene vinyl acetate (EVA) [33].

Plasticizers

Plasticizers are used in transdermal delivery systems to improve
the characteristic and the appearance of the polymeric film, affect
the glass transition temperature of the polymer, avoid film
fracture and increase film flexibility. Plasticizers could be also
used to control the rate of drug release which could be optimized
by the selection of the plasticizer and its appropriate
concentration in the formulation [34].

The action of the plasticizers came from its role in causing a
reduction in the cohesive intermolecular force along the polymer
chainsso resulting in different changes in the polymer properties
such as enhancing elongation property of the polymer, reduction in
tensile strength, increase the flexibility, and reduction in transition
temperature of polymer [35].

Plasticizers used in polymeric delivery systems include triacetin,
propylene glycol and polyethylene glycol, dibutyl phthalate and
triethyl citrate [35].

Penetration enhancers

Penetration enhancers used in drug delivery should be nontoxic,
compatible with other ingredients in formulation and suitable for the
intended use. They should be stable, available and relatively inexpensive
and provide immediate and reversible action. Examples of chemical
penetration enhancers include azone (1-dodecylazacycloheptan-2-one
or laurocapram), sulphoxides and similar chemicals, alcohols, fatty
alcohols, glycols, essential oils, and terpenoids [36].

Other excipients

Various solvents such as methanol, chloroform, isopropanol, acetone and
dichloromethane are usually used to prepare drug matrix or reservoir.
Thickening agents, viscosity stabilizers, buffers, pH regulators, anti-
oxidants, and preservatives may also be added as required [37].

Table 2: Summary of transdermal delivery system studies of tamsulosin

Study title Preparation Polymers used Duration of Reference
technique tamsulosin delivery

Transdermal drug delivery system for the Reservoir system  silicones, polyisobutylene, block co- 6d [39]

administration of tamsulosin and related polymers of polystyrene and

compositions and methods of use. polybutadiene/polyisoprene).

Tamsulosin-containing transdermal patch. Drug-in-adhesive  (meth)acrylic acid ester copolymer 2d [40]
patch

Transdermal administration of tamsulosin. Drug-in-adhesive  polyisobutylene adhesive and 7d [41]
patch hydrophobic synthetic rubber

adhesive.

Design and evaluation of transdermal delivery Matrix system EVA, Eudragit RS and Eudragit RL 4d [42]

system containing tamsulosin hydrochloride.

Formulation and Evaluation of Eudragit® RL Matrix system EVA and Eudragit RL 14 d [38]

Polymeric Double Layer Films
for Prolonged-Release Transdermal Delivery
of Tamsulosin Hydrochloride.
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Transdermal delivery systems of tamsulosin

Tamsulosin is considered as a good candidate for transdermal drug
delivery; it has moderate lipophilicity so it can bypass the lipophilic
SC and diffuse down through the hydrophilic layers of the skin to
finally reach the systemic circulation, it has an intermediate
molecular weight that is considered desirable for skin delivery, it’s
low daily dose, its’ long half-life, and long term therapy that makes it
more convenient to take the drug by the transdermal route that
reduces the number of the desired doses, and so increasing the
patient compliance [38].

Different Transdermal delivery systems of tamsulosin (table 2) have
been developed and evaluated.

Reservoir system

Ma et al. prepared tamsulosin-containing patches to be applied to the
skin or mucosal tissue. Transdermal patches were prepared for
controlled delivery of tamsulosin, which would provide a non-invasive
method of administration, controlled dosage of the drug and improved
patient compliance. Each patch was composed of a backing layer and a
reservoir layer with at least one polymeric material, which contains the
drug particles and a skin penetration enhancer. They also establish a
low-temperature technique for preparation a transdermal drug delivery
system composed of volatile enhancer materials [39].

Drug-in-adhesive patch

Kawahara et al. prepared transdermal patches for tamsulosin base.
Each patch was composed of a backing layer and an adhesive layer.
The adhesive layer was composed of either acrylic or rubber
adhesive, different ratios of tamsulosin (1-20% by mass),
polyoxyethylene alkyl ether as solubility enhancer, as needed, and
propylene glycol fatty acid ester as penetration enhancer. The roles
of additives on the preparation were examined. Different cross-
linkers were also added into the adhesive layer to improve the
consistency of the acrylic adhesive. The release of tamsulosin from
the adhesive layer was extended for a long period so that a
continuous administration could be achieved [40].

Transdermal drug-in-adhesive patches for the delivery of tamsulosin
were also prepared by Singh et al. The patches contained the drug, at
least 40% polyisobutylene or rubber adhesive, an aprotic solvent in
which tamsulosin could be dissolved in and a permeation enhancer.
The drug in adhesive transdermal patches provided a controlled
release of tamsulosin [41].

Matrix system

Assaf et al. prepared, designed and optimized a transdermal delivery
system of a matrix type for the controlled release of tamsulosin. It
was prepared by solution casting method, using of EVA as a backing
layer and Eudragit RL medicated layers with 30% weight per
polymer weight of triethyl citrate as a plasticizer and a 1:1 mixture
of propylene glycol monocaprylate and coco-caprylate/caprate as
penetration enhancers.

The prepared patch showed good adhesiveness and the desired in
vitro drug permeation, which could afford the daily needed dose of
tamsulosin for about 4 d [42].

However, an extended sustained tamsulosin delivery was achieved
successfully over 1 to 2 w by using a double-layer matrix patch
strategy. Transdermal patches of tamsulosin were prepared using one
or two eudragit RL medicated layers. Assaf et al. demonstrated that the
increase in the incorporated concentration of drug resulted in a rapid
drug release rate; a linear relationship was achieved over the studied
concentration range. Double patches exhibited a more prolonged
release duration with improved sustainability than single-layer
patches. The transdermal double-layer patches, which composed of
20% of a 1:1 mixture of propylene glycol monocaprylate and coco-
caprylate/caprate per layer of the patch, revealed an ability to sustain
tamsulosin delivery for two weeks and highest utilization of the
incorporated drug compared to other prepared patches [38].

Nanotransfersomes

Almehmady et. al aimed to improve the bioavailability and
permeability of tamsulosin by preparing it as nanotransfersomes. The
optimum nanotransfersomes formulation was composed of 0.4664 mg
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of tamsulosin, 59.30 mg lipoid S100 and 5896 mg of sodium
deoxycholate. This formula has good percentage of drug entrapment
and appeared uniform and spherical in The Transmission Electron
Microscope image. Moreover, the bioavailability enhancement was
well significant compared with the marketed tablet. Generally, the
nanotransfersomes have demonstrated as an effective transdermal
delivery system for tamsulosin [43].

CONCLUSION

Transdermal drug delivery system is a valuable technology for drug
delivery with numerous advantages over other routes of delivery.
Transdermal patches can bypass digestive system enzymes and
avoid first-pass metabolism and it can afford controlled dosing of
drugs over a prolonged period of time. Nowadays, they are
frequently used to deliver medications for different indications as
hormone replacement therapy, chronic pain and motion sickness.

Tamsulosin is an approved drug for the management of benign
prostatic  hyperplasia signs and symptoms. However, the
pharmacokinetics of oral tamsulosin formulations suffer from an
extensive food effect. As well as, some patients may have postural
hypotension after administration of tamsulosin, like other
oy antagonist’s drugs. Because of that there is a need for improving a
transdermal drug delivery system of tamsulosin, which can offer an
effective and convenient means of drug administration, control the
delivery of tamsulosin and avoid high peak concentrations. All of this
permits further development and research to optimize the efficacy
and safety of this delivery system.
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