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ABSTRACT

Alzheimer’s disease (AD) is the most common typieofentia, more than 100 years ago the alzheintissase
was first identified, but research into its rislcfars, causes, symptoms, and treatment has gainetentum only in
the last 30 years. The cholinesterase inhibitoreE[S) were the first anti-Alzheimer drugs approvsdthe Food
and Drug Administration (FDA), by inhibiting acetiiblinesterase these are capable of improving cleotjic
neurotransmission. Rivastigmine, galantamine, aodepezil these are the most common ChEIls usede&t tr
cognitive symptoms in mild to moderate AD. In pailtr, to treat AD patients worldwide the lattermasug has
been widely because it is significantly less hefoaio and superior tolerated than its predecesgsetta hydro
amino acridine. It also demonstrates high selestitowards acetylcholinesterase inhibition and hadong
duration of action. For the donepezil these areftirenulations available like sustained release @8), immediate
release (5 or 10 mg), and orally disintegrating 6 10 mg) tablets, all of which are proposed foaleroute
administration. Since the oral donepezil therapgssociated with adverse events in the gastroindssystem and
in fluctuations of plasma, an alternative routeamfministration, such as the transdermal one, hasnbecently
attempted. The goal of this paper is to provideimportant overview of AD therapy with donepezikusing
particularly on the advantages of the transdermaathe oral route of administration.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common typeafile dementia, affecting 30% of people oldent8a years
and nearly 6-8% of people over the age of 65 yda#§. In fact, it has been confirmed that the number exdpie
over 60 year®old affected by AD doubles every 5 years.1,2 Thmmon signs and symptoms of ARdclude
apathy, agitation, irritability, disinhibition, dedions, mood disturbances, aaderrant motor behavior, as well as
sleeping and eating abnormalities. Since this disery progress in different ways, it has becomeadiiffito make

a precise diagnosis [3PAD is associated with decreased levels of a nurbeerebral neurotransmitters suab
noradrenaline, somatostatin, serotonin, acetylobdlACh), and corticotrophin releasifartors, whereas the levels
of glutamate raise [4].

However, the cognitiveleficits seem to be mainly related to the degeimratf cholinergic neurons thatiginate
in the basal-forebrain-cholinergic system and imatr the hippocampus, neocortard other brain arefs]. Thus,
AD treatment entails the restoration dfolinergic pathway neurotransmitters through savapproaches such as
exploitation of ACh precursor's examples like choline or leaithby using nicotinic or muscarinic agonists
examples like arecoline, bethanacol, and milamgksewell as administering cholinesteradeibitors (ChEIs]6-
8]. ChEls, the first class of anti-AD druggere approved by the United States Food and Drugiiidtration
(FDA), decrease the hydrolysis of acetylcholingha synapticcleft by inhibiting cholinesterase. Thishibition
increases the ACh levels and therefore impravasgrotransmission [9]. Since AChE is found predamily in the
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brain, striated muscle, and erythrocytes, while BE@& mainly found in the periphery (skin, plasma, addiac
muscle), AD treatment strategies are mainly digttdevardsthe inhibition of AChH10, 11]. It is worth mentioning
that theseagents may not be effective in all patients becaudg 50% of AD patients have cholinergic deficits.
Indeed, 30% of Alpatients are also characterized by noradrenalifieitdg10].

In mild to moderate AD four ChEIls are commonly usetreat cognitivesymptoms:

Donepezil hydrochloride, Galantamine hydrobromiRejastigminetartrate tacrine hydrochloride. The structures
shown in figure 1.

The purpose of this paper is to provide an impartaerview of donepezil as an AD therapy, focugiagticularly

H OH

on the advantages of transdermal over the ora¢ rofubdministration.
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Figure 1: Structure of ChEls (Chalinesteraseinibitors)
DISCUSSION

Oral donepezil therapy

Immediate-release tablets:

In November 1996 donepezil immediate-release (#R)ets (5 or 10 mg) were approved for use in thefdsShe
treatment of dementia of the Alzheimer's tyji@]. Donepezil interacts with AChE via hydrogennds and is
demonstrated to be a non-competitive, reversilild, selective ChEI that produces long-lasting irtiohi of brain
AChE without markedly affecting peripheral AChEigity [13]. Due to properties such as low hepatotoxidiigh
selectivity towards AChE inhibition (IC50 AChE/ICRUChE = 6.7/7400 nM), and a duration of actiordt 90
h) that is sufficiently long enough to allow forraenient once-daily administration, to treat ADigats worldwide
donepezil has been regularly used [14]. The longrtbenefits and good safety profile of AChEIs sholan
extended post-marketing studies allowed for the@pp of donepezil for the treatment of the entilieical spectra
of the disease in 2007[15,16].

The suggested dosage for donepezil IR for the firsteeks 5 mg/day and thereafter 10 mg/d&y. Inactive
ingredients in 5 and 10 mg tablets are hydroxyprogsilulose, magnesium stearate lactose monohydrate
microcrystalline cellulose, and corn starch. THenfcoating contains talc, titanium dioxide, hyprdimse, and
polyethylene glycdl13]. The efficacy of donepezil was demonstratethtio 6 months, double-blind study and in a
placebo-controlled trial (the AD2000 study) [18}. & preliminary study, patients with mild to moder&D were
randomly treated with donepezil 5 mg/ day, 10 mg/aa placebo. Patients cognition and cliniciarabgl ratings)
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were significantly improved in patients treatedhahe drug compared with placebo, whereas no dpuaat was
noted on patient-related quality of life [19, 20].

In the latter study, 565 patients with mild to mae AD were enrolled; in both the presence ancerades of
cerebrovascular disease, donepezil has been shwimmptove cognition compared with placebo. In marar, the
ratio of “enhanced” patients (as judged by the icléms) across the presence of delusions, halltioims
aggression, and wandering at last observation echfiorward among patients receiving donepezil, eambed
between 59.6% and 65.6% [21]. For these reasomepaézil may be a useful treatment not only fortibbavioral
and psychological symptoms of dementia (BPSD) afsd for cognitive dysfunction.

Sustained-release tablets

The FDA approved in 2010 sustained-release (SHgteabontaining 23 mg of donepezil to give a higtiaity dose
in once while avoiding a sharp daily raise in peakcentration. Inactive ingredients in the 23 nigdes are ethyl
cellulose, magnesium stearate, hydroxyl propylubedle, lactose monohydrate, and methacrylic acfblgmer,
type C. The film coating is composed of ferric axidhypromellose 2910, PEG 8000, talc, and titandioxide.
These film coated tablets were compared with theketad formulation of 10 mg IR tablets in patiemigh
moderate to severe AD who were on a stable do$8 afg/day AriceptTM" for at least 3 months before screening
[22]. The 1500 enrolled patients received eithermidonepezil IR in combination with the placeblated to the
23 mg donepezil SR formulation, or 23 mg donep8&lin combination with the placebo correspondind@ang
of the donepezil IR formulation. The 23 mg donep&R ensured significant cognitive and global fimanhg
benefits, but safety and efficacy of long-term agistration are still under study [23, 24].

Orally disintegrating tablets:

Orally disintegrating tablet (ODT) is also availatike Aricept™, approved for use in the US in 2004. For patients
who have difficulties to swallowing tablets, th@rifulation is particularly helpful. Moreover, thabtets allow for
administration once in day. These tablets contaior 30 mg of donepezil hydrochloride, mannitol, ysrhy!
alcohol, carrageenan, and colloidal silicon dioxi@iee 10 mg tablets are also contain ferric oxigldldw) as a
coloring agent [25].

Adver se events associated with oral donepezil therapy:

The most frequent adverse events (AEs) of donepexzilvell as other ChEls, are cholinergic effeetated to the
gastrointestinal system like nausea, vomiting, dizdrhea, and sleep disturbances, the frequencysawerity of

which depends on the chosen dose [26,124s common adverse effects are vagotonia (egytaadia, syncope),
and central nervous system (eg, aggression, sletprlthnce) and para sympathetically mediated (arigary

incontinence) AEs [28].

Due to the large and frequent plasma fluctuatitims,incidence of AEs increases with oral adminigtra In fact,
when donepezil is administered orally, it is rapidbsorbed through the gastrointestinal wall tleahing its peak
plasma level (G.). The drug levels then decrease until the nexe desadmnisteref®]. In order to decrease both
the Gax level and the rate of Cmax achievement so astémwte the AEs, the alternative route of transderm
administration was attempted.

Transdermal route versusoral route

Compared to the parenteral and oral routes of adtration, transdermal drug delivery route has save
advantages, particularly in the elderly [29]. Indeathen a chronic neurological disorder is preshigt type of
administration is particularly helpful because,sthioute is allows for the circumvention of the patis
unwillingness (or inability) to swallow, and thetjgst can be treated with intravenous infusionsntmamuscular
injections. Moreover, it provides stable drug bldedels over an extended period of time and impsopatient
compliance, because sometimes a patient does bafgget to take his/her medication or take pilis further
administrations presently in the day [30].

The main disadvantages of transdermal deliveryerdatiude potential skin irritation or skin sensition,
discomfort caused by adhesives, imperfect adhesiothe skin, and its high cost. Moreover, since sha is
resistant to drug penetration, only drugs that diorequire high blood concentrations can be adnaresl by means
of the transdermal route [31-34].

Human skin

e The human skin is planned to protect an organismm fthe outside environment and is effective asradrao
chemical transport.
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It is a complex multilayer organ with a total thidss of 2-3 mm, formed by panniculus adiposus, iderm
epidermis, and stratum corneum.

Panniculus Adiposus: The panniculus adiposasvariably thick fatty layer is located below therihis.
Dermis: The dermigs a layer of dense connective tissue that suppleetepidermis.

Epidermis: The epidermis (about 1Qdn thick) comprises a layer of epithelial cells asdtomposed of different
layers, the outermost being the stratum corneum.

Stratum corneum: The stratum corneum (15-2én thick) comprises highly dense and keratinizesltisand is the
skin’s main source of penetration and permeatisistancg35, 36].

The capability of a drug to penetrate the skin main issue for clinical relevance of transdernelivery systems.
Indeed, only approximately 1 mg of a drug is detdkeacross a 1 cm area of skin in 24 h@@irs 38].

» The rate of absorption and efficiency of a drugtiyh the skin depends on many physiochemical aslddical

factors.

* Lipophilic agents may pass rapidly across the wtnatorneum through the lipid-rich intercellular espawhereas
hydrophilic agents must dissolve and diffuse inutat bound water molecules [39].

» The molecular size of the agent is also an siganifidactor in determining the suitability for tralesmal delivery;
smaller molecules tend to be absorbed faster #naed ones, with very large molecules such asim¢6808 Da)
being too large to pass through the skin.

* It has been recommended that any compound withlacear weight above 500 Da is unlikely to be salgafor

transdermal delivery [40].

Transdermal Patches[41, 42].

The transdermal route of drug delivery becoming rtfest popular route. A transdermal patch or skittlpas a
medicated adhesive patch that is placed on thetskieliver a specific dose of medication througé skin and
directly into the bloodstream. Skin patch uses ecisph membrane to control the rate at which theidigdrug

contained in the reservoir within the patch carspghsough the skin and into the bloodstream. Soragsdimust be
combined with substances, such as alcohol becdeseohincreases their ability to penetrate the skiorder to be
used in a skin patch. Various drugs which are athteired through skin patches include scopolamiae r{fotion

sickness), nicotine (for quitting smoking), estradér menopause and to prevent osteoporosis afegropause),
nitroglycerin (for angina), lidocaine to relieveetpain of shingles and many more drugs. Transdedmgl delivery
system has been in existence for a long time.drptst, the most commonly applied systems weredtpiapplied
creams and ointments for dermatological disord€h® occurrence of systemic side-effects with soréhese
formulations is indicative of absorption througte tekin. A number of drugs have been applied toskia for

systemic treatment. Currently, transdermal patdresused in several therapeutic areas like painagenent,
smoking cessation, and treatment of heart disémsmone replacement and management of motion ssekne

a)Single layer drug in adhesive: In this type the adhesive layer contains the ditge adhesive layer not only
serves to adhere the various layers together asdlyfie of layer is responsible for the releastmg drug to the skin.
The adhesive layer is surrounded by a temporaey lmd a backing. A typical single layer drug ilhegive system
is depicted in the following figure 2.

Drug- in- Adhesive layer ¢ _ Backing layer

» Liner

Figure2: Singlelayer drugin adhesive

b)Multi -layer drug in adhesive: This type is also similar to the single layer utontains an immediate drug
release layer which is different from other laydrietr will be a controlled release along with théesive layer.
The adhesive layer is responsible for the releasindne drug. This patch also has a temporary Jiager and a
permanent backing. A typical Multi -layer drug idreesive system is depicted in the following fig8re

809



G. Ravi and N. Vishal Gupta J. Chem. Pharm. Res., 2015, 7(3):806-813

> Backing layer
Membran: = — Drug- in- Adhesive layer

<«

A

» Drug- in- Adhesive layer

Liner <

Figure 3: Multi - layer drugin adhesive

c)Vapour patch: In this type of patch the role of adhesive layet anly serves to adhere the various layers
together but also serves market, commonly usedeteasing of essential oils in decongestion. Vavriother types
of vapour patches are also available in the mankéth are used to improve the quality of sleep gettlices the
cigarette smoking conditions.

d)Reservoir system: In this system the drug reservoir is embedded baiviee two layers; an impervious backing
layer and a rate controlling membrane. The drugasgds only through the rate controlling membrarégtwcan be
micro porous or non porous. In the drug reservompartment, the drug can be in the form of a sofiti
suspension, gel or dispersed in a solid polymeriratypoallergenic adhesive polymer can be appisdouter
surface polymeric membrane which is compatible witlng. A typical Reservoir system is depicted ia thllowing
figure 4.

> Backing layer
A > Drug

»Adhesive layer

Membrans

Liner<«—

Figure 4: Reservoir system
€)Matrix system
i. Drug-in-adhesive system: In this type the drug reservoir is formed by diseg the drug in an adhesive polymer
and then spreading the medicated adhesive polygneolbent casting or melting on an impervious bagKayer.
On top of the reservoir, unmediated adhesive potyiayers are applied for protection purpose. A Dnoggrix in
adhesive system is depicted in the following fighre

> Backing layer
Adhesive layer ¢ < o=  _— , Dryg

Liner «——

Figure5: Drug matrix in adhesive system

ii. Matrix-dispersion system: In this type the drug is dispersed homogenousb litydrophilic or lipophilic polymer
matrix. This drug containing polymer disk is fixed to an occlusive base plate in a compartmenicated from a
drug impermeable backing layer. Instead of applyiregadhesive on the face of the drug reservads,spread along
with the circumference to form a strip of adhesive.

f) Micro reservoir system: In this type the drug delivery system is a combaradf reservoir and matrix-dispersion
system. The drug reservoir is formed by first susiggg the drug in an agueous solution of waterldelpolymer
and then dispersing the solution homogeneously ilip@philic polymer to form thousands of unreaclegbl
microscopic spheres of drug reservoirs. This thelynamically unstable dispersion is stabilized glyicky
immediately cross-linking the polymer in situ byngscross linking agents.

The various components of transdermal patchesiscassed in Table 1.
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Table 1: Various components of Transdermal Patch

Component Function

Protects the patch from the outer environmentmigermeable to the transdermal patch componentspanitles the
1 Backing patch with its flexibility. It is made of elastonse(polyolefin oils, polyester, polyethylene, polyyiidene chloride ang
polyurethane) and is preferably nonbreathable @ujrey aluminum foil)

Controls the release of the drug. It is made ofinahtor synthetic polymer or synthetic elastomersd its thickness

2 Membrane ranges from about 2 mm to about 7 mm.

It binds the components of the patch together awe pgatch to the skin. It is composed by siliconghber,
3 Adhesive polyvinylacetate, or polyisobutylene, dependingtba skin—adhesion properties desired. It may conpgrmeation
enhancers (solvents, surfactants or miscellandeersicals) to promote skin permeability by alteritsgstructure.

4 Liner Protects the patch during storage and édepleoff before use.

Transder mal donepezil ther apy

As a small and lipophilic molecule, donepezil (Mal&ar weight: 379.5, Log P value: 3.08 — 4.11)assidered to
be physicochemically well-suited for transdermdiveey [42-44]. Valia KH and Ramaraju VS proposed two type
of transdermal delivery systems of donepezil: grig matrix-in-adhesive and ii) A drug reservohaithesive.

The first reservoir-type patch is comprised of akirgg film, a drug reservoir, a delivery rate-cafling membrane,
and an adhesive layer that contacts the skin. Tier dype comprises a backing film, an adhesiverdapmprising
a matrix type adhesive and a protective liner. asond embodiment reduces the lag time, duringtwttie
donepezil would otherwise migrate from the drugeresir into and through the adhesive layer, and tlesults in a
faster influx of the drug into the patient’s blostleam upon application to the patient’s skin.

In contrast to the tablets that contain donepeairdichloride, the transdermal form of the drugsedias free base
in order to obtain the desired delivery rates. Amatter of fact, the hydrophilic donepezil hydranide has low
skin permeability and, although penetration enhencan be used in order to favor drug penetraiiois not
suitable for transdermal delivery. The patchesveeldonepezil through normal skin contact into flagéent’s blood
stream in the range of about Quf/cnt/ hour to about 2Qug/cnf/hour or from about 3ug/cnf/hour to about 13
ng/cnf/hour. The dosage is controlled by the active serfaf the patch that comes in contact with the skam it
can be adjusted by prescribing a patch with a tangesmaller active surface area. Dose size arguéecy should
be determined by a trained medical professionaldemknd on many factors, including patient weigtt disease
severity.

The permeation rate of the donepezil from patchesegulated in such a way that blood-plasma levbtained in
the patient are comparable to the FDA approveddfasma levels obtained by oral administratiorickes of
donepezil are applied for a period of 1 to 7 dagpending on the severity of the disease and ttienp'a ability to
remember to remove depleted patches and apply nes o

Eisai Co, Ltd, the maker of Aricépt in Japan, is currently focusing on clinical deyefent programs for
Aricept™, the major innovations being transdermal patcliecéd to people with Alzheimer's disease. Phase |
clinical trials of a once-a-week transdermal pdtmimulation of donepezil (which includes a bioeqience study
comparing the currently marketed formulation of eljpezil to the transdermal formulation) were coneddh 2009
by Teikoku Pharma USA, Inc (San Jose, ¢#5)]. This study was designed to assess skintioitaskin tolerability,
and adhesion of the 350 mg donepezil transderntah@y/stem on the skin of elderly subjects withh&iamer’'s
disease who have been on an established, welhtettoral dose of Aricept 10 mg, for a period of at least 2
monthg45]. The total application time for the donepédrinsdermal patch system is 21 days, which wasileaéx

by dividing the dosage into three 7-day applicatitm three separate areas of the body (upper bapler middle
arm, and side of torso).

A Phase | clinical trial of the donepezil singlesdgpatch formulation was conducted in 2010 by EZaiLtd, to
compare the pharmacokinetics of the donepezil péigie A, B, C, D, E) with a single dose of dondp&zmg
tablet§46]. In addition, Eisai Co, Ltd, conducted a Phhstudy in 2011 to evaluate the safety and tolétalof
donepezil 16 mg tape when applied repeatedly foddys. The treatment was intended to be admindstere
periods, Period 1 and Period 2. In Period 1, thegsdonepezil tablets were administered in a sidgke. In Period
2, the tape containing 16 mg of donepezil (whichre&sponds to the 5 mg donepezil tablet) was appligicout
interruption for 17 days. A washout period of a&de8 days was followed between Periods 1 andghsttreatment
examination was performed at least 21 days aftetast removal of the tape in Period 2 [47]. Thauls have not
yet been published.

In February 2010, Eisai Co, Ltd, concluded liceasd option agreements with Teikoku Pharma USA diggrthe
development and marketing of a donepezil patch didation.
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In September 2010, the US FDA agreed to reviewN#n Drug Application (NDA) of a weekly transdernmtch
formulation (a once-weekly administration formubeuj of Aricept™ [48]. This NDA was submitted to the FDA for
approval of the treatment for mild, moderate, aedese stages of Alzheimer’'s disease. The new fatiou, if
approved, would be marketed by Eisai US, a subisidiiEisai Inc, and co-promoted with Pfizer Inc.

In April 2011, the FDA declined approval for tharisdermal patch formulation of Eisai's Alzheimersatment
Aricept™. Even if Teikoku Pharma USA decided to withdrawe DA on April 17, 2012, Eisai and Teikoku
Seiyaku continued to move forward with the develeptrof a once daily Aricepf transdermal system (Phase I)
for the Japanese market based on the exclusiveskcagreement between the two companies concedajpan
research, development, and marketing rif#8$

CONCLUSION

Transdermal drug delivery is helpful for topicaldalocal action of the drug. At present, the firgtion for the

treatment of Alzheimer’s disease focuses on dergabe cholinergic deficiency in the central narsosystem
(CNS) with ChEls like rivastigmine, galantaminecrine and donepezil, which compensates for thecigeity of

Ach in the CNS. Donepezil is a non competitive amible and selective inhibitor of brain AchE. Undegulatory

review the donepezil is available in 5 and 10 mgvemtional immediate release tablets, 23 mg ofagustl release
formulation, and in a latest dry syrup formulation.

After the oral administration of donepezil, the Bugriations were associated in plasma levels wigjular gasto
intestinal symptoms including nausea, vomiting rifi@ea, constipation, anorexia, abdominal pain andoeinal
distention. For the patients who have difficultssgallowing solids or liquids, a transdermal drugj\viey may offer
great advantages over conventional delivery metbb6@hEl.
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