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ABSTRACT

Transdermal applications of drugs present many ath@es in terms of absorption, however this is easily
obtained through the transdermal route. The prifeiparrier is the stratum corneum and one of thategies that
have been found to promote cutaneous drug penetrat through the use of absorption enhancers. Many
substances have been identified as absorption eehsnAlthough the list of substances that pronabtorption is
growing, in most cases, there is a direct corr@latbetween the effects of absorption enhancerstlagid skin
toxicity. The use of these substances dependddheien studies which focus on local and systeoxicity, as well

as action mechanisms.
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INTRODUCTION able to modify the function of this barrier are
known as absorption enhancers (Finnin and
The study of the passage of drugs through the skiMorgan, 1999).
offers a great challenge in the fields of pharmacyhis study presented a review of the research
and dermatology (Barr, 1962). Until the end of theelated to substances or physical methods that
last century, the skin was always referred in thenodified — temporarily and reversibly — the
scientific literature as an impermeable barrier t@tratum corneumbarrier, thus facilitating drug
almost all the substances, with the possibl@enetration.
exception of gases. However in last few years,
numerous studies have shown that this was nothistory and Prospects
true statement. Studies carried out in the 50tfhe idea of percutaneous absorption was raised in
century in reference to the penetration of watethe XVI Century B.C. (Finnin and Morgan, 1999).
through isolatedstratum corneuncleared up all In the period previous to 1877, evidence suggested
former doubts, and today the skin was considereftiee skin penetration of a large number of
an important route for the systemic administratiorsubstances, mainly gases and volatile substances.
of drugs, and thetratum corneunwas the main Between 1877 and 1900, Fleisher was able to
penetration barrier for the majority of theprove, through experiments and critical
substances (Costa et al., 1993). Agents that agyaluations, that the skin of humans and of some
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animals — those of the higher classes — wa$he skin has been considered a privileged site for
absolutely impermeable to all types of thethe drug administration, as it is a crossable barrier.
substances. However, in 1904,However, it presents a limiting factor for the
Schgwenkenbecher proved that the theory gbenetration of some substances. Once the corneous
absolute impermeability was no longer valid. Inlayer has been crossed, the molecules of the drug
1950, Malkinson and Ferguson performed the firspenetrate through the live tissues of the epidermis
successful  study concerning percutaneouand dermis, readily reaching the bloodstream. The
absorption in human beings, demonstrating thatorneous layer is resistant to diffusion, and does
the skin was permeable to topically administereaot allow substances to cross quickly, but forces
drugs (Barr, 1962). Idson (1975) demonstrated thahem to penetrate in such a way that polar
the epidermic barrier was the limiting factor formolecules pass through the water accumulated
the percutaneous absorption and that once the drugthin the stratum corneum and that apolar
passed through thestratum corneumof the molecules spread out and dissolve through
epidermis, its absorption was guaranteed. membrane lipids. Diffusion through thetratum
Currently, the study of percutaneous absorptiomorneumis a completely passive process, being
has been a priority in the pharmaceutical researdhat this functional barrier is the limiting factor
as it presentes an alternative route for druglLambert et al 1989; Costa et al., 1993).
administration, overcoming some of theThe epidermis is made up of a standard mosaic of
disadvantages of oral administration, such as tH#ids and proteins. Three routes of drug
hepatic first-pass effect, or other adverse effectgenetration through the skin are found in the
(Cordeiro et al., 1997; Finnin and Morgan, 1999jiterature. A transcellular route, which is

Idson, 1975; Kitagawa et al., 1998). responsible for drug penetration through cells of
the stratum corneumthe intercellular route refers
Cutaneous absorption to penetration between cells and, and anexial

Percutaneous absorption is the term that is mosbute, which envolves the penetration of drugs
often used in reference to the passage of drudkrough hair follicles, sweat glands, and sebaceous
through the skin, however many other terms mayglands. Hair follicles and sweat glad ducts are
be encountered throughout literature, whiclopen underneath the skin surface in the form of
include: sorption, persorption, permeation andisible pores, and it is believed that this presents
penetration. This being the case, the use of then avenue for the passage of drugs through the
terminology is not restricted to a singleskin (Barr, 1962). According to lllel et.g]1991),
designation (Barr, 1962). the skin appendages have been an important -
Rothman (1954) defined percutaneous absorptigmathway for absorption not only of water-soluble
as the passage of substances through the skin fraubstances, but also, for lipid-soluble substances.
one side to another, thus reaching the bloo®ercutaneous drug absorption depends on physico-
stream. According to Idson (1975), percutaneoushemical characteristics - which have the capacity
absorption is the passage of a substance through facilitating absorption - , as well as on the
the epidermis, dermis, blood capillaries, and/or lintondition of the skin. Table 1 presents factors that
channels to the blood stream. Blank (1960) stateidfluence percutaneous absorption.

that it wasn’'t necessary to have an exact definitiom general, biomembranes consist of a lipophilic
of absorption, but that it was important to knowmembrane with a hydrophilic portion. The
how molecules occupied the skins surface in &indamental equation which described passive
determined space and time, and where they wedsug transport through biomembranes is based on
after leaving the skins surface. According toFick’s first law:

Finnin and Morgan (1999), the advantages of

obtaining cutaneous penetration consisted in the J=P xCaq 1)
reduction in the risks of toxic effects or lack of

efficacy, the ability to avoid the hepatic first-pass .
effect, avoid gastric iritation and chemicalVN€ré J is the flow of the drug through the

degradation, provide a non-invasive alternative™eMpPrane (massf/areajtime), P is the permeability
efficient through the lipophilic membrane and

and also provide the convenience of a drug that™. h ) f the d b both
could be administered to unconscious patients. Is the concentration of the drug between bot
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sides of the membrane. The permeability
coefficient is defined as:

D= RxT 3)
_ Dxk @ 6 mxnxrxN
P= h where R is the molar gas constant, T is the

where D is the drug’s diffusion coefficient within absolute temperaturey 1S the viscosity .Of the
membrane, r is the radius of a spherical drug

the membrane, K is the partition coefficient of the . .
drug from the external environment towards th olecule1permeat|ng the membrane, and N is
membrane and h is the thickness of the membran@‘.\’ogadro S number.
Finally the diffusion coefficient can be estimated

by Stokes-Einstein equation:

Table 1- Factors that influence percutaneous absorpkom{n and Morgan, 1999).
Drug Potency (strength): The daily dose shouldi®#0mg
Molecular size: < 500 daltons.
Lipophilicity: log P01 a 3
Melting point: Should be < 200°C
Irritation: The drug should not irritate the skin
Imunogenicity: The drug should not stimulate imugital reactions on the skin

The equation demonstrates that in order for thphysical methods, wusually temporarily and
drug to be released across the membrane, it mugtversibly modify thestratum corneumbarrier,
present some aqueous solubilitysfChowever, at assisting in drug penetration. lontoforesis,
the same time, it must also possess lipophilicitelectroporation and ultrasound - physical methods
and suffer partition from the external aqueous, apart from diverse chemical absorption
environment to the lipophylic membrane (K). Byenhancers, are used to make this route viable as a
observing equation (3), it's possible to see thatirug administration alternative.

small molecules are able to permeate much more

easily than large molecules (Loftsson, 2002). Absorption Enhancers

The hydration of the skin is another factor thafThe stratum corneum barrier limits drug
influences the percutaneous absorption of drugpermeation through the skin. Only some of the
The greater the hydration, the higher and better trdrug molecules which present ideal physico-
absorption of substances, in particular polachemical properties are actually able to cross this
substances. Hydration is the result of the diffusiotvarrier. The presence of certain compounds can
of water from adjacent layers, or of anprovoke variations of flow through the skin due to
accumulation of water — after the application ofmodifications within cellular membrane structures,
some material and/or occlusive vehicle. Othewhich alter the diffusion coefficient, the aqueous
factors, such as the area and method, regionutaneous content and/or lower interfase oil-water
period of application, the age of the skin, and théensions. (Pershing et al.,, 1990; Kurihara-
use of vehicles which alter barrier function alsoBergstrom et al., 1990).

influence percutaneous absorption. (Ildson, 1975) Studies performed on cadaver skin conclude that
In a parallel manner, the presence of determinetthese substances, known as absorption enhancers —
compounds, which act with diverse mechanismsre auxillary in the permeation of drugs though the
can provide variations in flow, due to skin, in this way altering the pharmacodynamic
modifications in cellular membrane structuresand kinetic membrane limits (Barry and Bennet,
diffusion coefficient alterations, the partition 1987). The rupture of the highly organized lipid
coefficient of the stratum corneurfvehicle, structure of thestratum corneuminteraction with
influences cutaneous water content, and can alsatracellular proteins, promotion of distribution of
modify superficial tension. These substances amhe drug within the tissue in such a way as to
designated modifiers, accelerators, catalisors, areate a “reservatory effect”, promotion of the
simply, absorption promotors. Such substances dwrydration of thestratum corneunin order to form
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polar channels that facilitate the diffusion of drugsenhancing effect produced. This occurs when a
and the co-solvent action of tls&ratum corneurmn small transport effect is observed. Studies using
are some of the general action mechanismdifferential scanning calorimetry (DSC) suggest
presented by absorption enhancers. Finnin arttiat a liquidification ofstratum corneumlipids
Morgan (1999) highlight some important (Cooper, 1984).

properties for absorption enhancers; The should bEhe mechanism for the promotion of cutaneous
harmless (inactive pharmacologically speaking)permeation by the ethanol/water system can
non-toxic, non-alergenic, non-irritating; presentinvolve contributions from conformational
immediate effectiveness and be reversible (aftequeratine alterations thus increasing the
removal); be physically and chemically hydrophilic region dominion of polar headed lipid
compatable with commercially used systems groups, or lipid extraction. The permeability
smell and oilyness; and present low cost. coefficient of the salicylate ion through the
There are a variety of substances which have beepidermis increases with ethanol concentrations up
identified as absorption enhancers, such &a® 0.63 and decreases as low as 1.00 (Kurihara-
alcohols, azones and derivatives, non-polaBergstrom, 1990).

compounds, wureia and cyclic derivatives,Pershing et al(1990) studied the influence of
pyrrolidones and derivatives, cyclodextrins,ethanol on the absorption of Bfestradiol on the
aprotic  solvents, surfactants, and everviable human epidermim vivo. An increase in
electrophoresis, electroporation and physicathe flow of estradiol was observed when saturated
ultrasound. While the list of substances that casstradiol solutions were used, reflecting the
be administered by the transdermic route continuesblubility increase of estradiol in ethanol and,
to grow, in most cases, there is a direct correlatiotherefore, resulting in an increase in the
between the promotors effect and its skin toxicityconcentration gradient across the skin. Kurihara-
In this way, the use of these substances depenBergstrom et al(1990) added that the ethanol-
therefore, on studies which focus on local andvater system could be useful in the absorption of
systemic toxicity, as well as action mechanismglrugs, as it was able to increase the cutaneous
(Asbill and Michiniak, 2000). According to Sasaki hydration with the understanding that either the
et al (1988), the physical properties anddiffusional protein volume could be increased or
percutaneous absorption behaviors of the enhancerembrane lipids could be extracted.

are always important factores which promote th¢ee et al (1997) investigatem vitro absorption of

occurrence of side effects. capsaicin analog (CA) through the skin of mice.
Ethanol, PEG 400, propylene glycol, and 2-
Alcohols and glycols hydroxypropylf-cyclodextrin were selected to

A variety of solvents have been identified asncrease the percutaneous solubility and absorption
‘absorption enhancers’. Ethanol, diethylene glycolof capsaicin analog. The absorption of capsaicin
propylene glycol, manitol, hexylene glycol, was higher in the presence of propylene glycol and
polyoxyethylene glycols, among others, have beesthanol than it was with water, 2-hydroxypropyl-
shown to increase the cutaneous permeation Btcydodextrin, or PEG 400. The enhancing effect
inumerous compounds. The extraction of lipidssf these solvents was attributed to the physical
with the formation of “pores” within thetratum  modification ofstratum corneuntipids, apart from
corneum thus increasing cutaneous hydration an@onformational and structural alterations of
solubility of the solute are general actionmembrane proteins. Nokhodchi et. a2002)
mechanisms which have been suggested to explaifestigated the influence of glycyrrhizin — in
the enhancing action of these substances (Pershiggferent concentrations — on the percutaneous
et al, 1990; Ho et gl 1994). The transport of apsorption of sodium diclofenac, in the form of a
nonpolar materials, such as salicylic acid, may bgydrophilic gel (carboxymethylcellulose sodium)
increased through the addition of small quantitiegnd an oil/water emulsion through the abdominal
of fatty acids or alcohols within the productsskin of mice. The results showed that the effect of
formulation. The addition of small quantities Ofg|ycyrrhizin on the flow of sodium diclofenac
alcohol produces a significant increase in the flowhrough the skin was dose-dependent; the
of salicylic acid through the skin, being that thenydrophilic gel form provided better permeation

longer the lateral carbon chain, this being up to grough the skin than that of the emulsive form.
length of 14 carbon atoms, the greater is the
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Essencial oils, terpenes and derivatives
Surfactants The activity of three absorption enhancers — 1
The enhancer effect of surfactants on thenenthol, oleic acid, and lauricidine was examined
cutaneous penetration is minimal. The capacitysing diclofenac (DH) and sodium diclofenac
that these micelles have to include molecules th4DNa) as hydrophobic and hydrophilic drug
present low water solubility makes theirmodels, respectively, over a silicone membrane.
solubilization possible, and in this way, facilitatesOne of the ways to enhance the transdermal
the passage of substances through the membraoermeation of drugs is through a combination of
or intercellular spaces. The enhancer effect is onlgbsorption enhancers with co-solvents. The
observed when the micellar structure is broken, aynergistic effect of ethanol on the enhancing
if some bonding process with the surfactant igffect was evaluated. The use of ethanol at a 20%
interrupted. This transition depends on thestrength lowered the flow of DH, but significantly
concentration of the surfactant (Sarpotdar anthcreased the flow of DNa through the treated
Zatz, 1986). membrane when compared to the non-treated
The catalyzing activity of ionic surfactant dependmembrane, thus suggesting that the penetration of
fundamentally on the destruction of membranes dDH occurred via a lipidic route and DNa by
which they originate, being that they have armmembrane pores. The permeability of DNa
affinity for a-proteins (keratine), and when theydecreased with the addition of oleic acid and
form complexes, provoke reversible desnaturatiotauricidine. The promoter effect of 1-menthol on
and filament distension. The expansion of théhe permeability of DH and DNa was higher on the
membrane causes the formation of cavities the loggeated skin than on that which was not treated
of water bonding capacity, which results in thewith ethanol, suggesting that 1-menthol increased
conversion of a-keratine to B-keratine (ldson, drug permeation through both, the lipid pathways
1975). Sorpotdar and Zatz (1986) observed th@nd also through membrane proteins (Maitani et
absorption of two nonionic surfactants,al., 1996).
polysorbates 20 and 60. An increase in the flow ofhe permeability of benzoic acid derivatives on
lidocaine was observed for both the surfactants ithe pig skin treated with 1-menthol at 1% strength
the presence of propylene glycol. The enhancingnd ethanol at 15% strength was evaluated. The
effect of polysorbate varied based on theaddition of an enhancer increased the flow and
concentration of propylene glycol, thus indicatingpermeability — coefficient of benzoic acid
synergism between co-solvents and polysorbates_derivatives and diminished the dependence of the
Ogiso et al (1989) studied the absorption of permeability coefficient on the  partition
indomethacin using laurocapram A (azone) angoefficient. The enhancer effect of 1-menthol
sorbitan monooleate. Laurocapram and sorbitargepended on the concentration of ethanol. The
monooleate affected the diffusion of transcellulahighly organized structure of thetratum corneum
water due to a modification of the layersifatum lipid bilayer was altered by the enhancer, thus,
corneum structure, thus increasing thefavoring the permeation of hydrophilic benzoic
percutaneous absorption of the drug. Nokhodchi écid derivatives. (Kitagawa et al., 1998). Vaddi et
al. (2003) investigated the influence of surfactant@l. (2003) studied the activity of two terpenes
— in different concentrations — on the percutaneougresenting the same functional group (limonene
absorption of lorazepam through the abdominadxide and pinene oxide) on the cutaneous
skin of mice. Cationic surfactants presented &ermeation of haloperidol on human skin. The
greater toxicity than anionic and nonionicSynergistic effect of alcohols — ethanol and
surfactants, therefore, the enhancing effect obeydtfopylene glycol — on the promoting activity of
an inverse order. Nonionic surfactants presentei@rpenes was also evaluated. Limonene oxide
an insignificant enhancer effect; however, thepresented higher activity than pinene oxide for
presence of alcohols served a synergistic effect ddpth of the solvents used; however, the

the skin, thus making the use of these substanci&onene/ethanol system was significantly more
possible. effective.

Sulfoxides and analogues

Dimethyl-sulfoxide (DMSO), dimethyl-formamide
(DMF), dimethyl-acetamide (DMA) and decyl-
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methyl-sulfoxide (DCMS) were the principle the concentration of 1% was just as effective as 5
substances of this group. On a structural level, ar 10% concentrations; the presence of propylene
reversible configurational change was observed oglycol was fundamental in order to obtain the
the proteins with the substitution of waterenhancer effect. The absorption of metronidazole
molecules for DMSO. The swelling phenomenonn the first 20 h was increased 25 times in the
can induce the formation of channels within thepresence of 1% azone and remained effective on
matrix of thestratum corneumwhich favors the the skin after a few days, indicating that the
passage of various compounds, or diminishes thenhancer effect of azone on the skin continued for
diffusional resistance of thestratum corneum many days (Wotton et al., 1985).

(membrane weakening). The dermal inflammatiorDkamoto et al(1988) compared the enhancer
and heat produced by the interaction of the solvemffect of nine azacycloalkanone (5-, 6- or 7-
and water of thestratum corneumconducts a member) ring derivatives with alkyl or alkenyl
temperature increase and consequently thigerpene) groups on the lateral (side) chains with
increase ofstratum corneumpermeability. The 1-dodecylazacycloheptan-2-one (azone) on the
activity of DMSO is concentration-dependent. Apermeation of 6-mercaptopurine (6-M®) vivo.
positive response was observed with enhancé@retreatment of the skin with enhancers increased
concentrations exceeding 60%. Despite théhe permeation and accumulation of MP in the
excellent enhancer effect of these solvents, theskin. The structure-activity relationships of the
use is limited due to their odor and toxicity as wellhine azone derivatives allowed for the conclusion
as being highly irritating (Kurihara-Burgstrom etthat the length of the lateral (side) chain (C10-
al., 1986; Idson, 1975) C20) has an important effect on the enhancer
DCMS, the most potent promotor among aproti@ctivity, being that lateral (side) chains of the C10
solvents, shows reversible action and is consideramt C15 nature seem to be favorable; lateral (side)
a good absorption enhancer for hydrophilic anadhains with double bonds with in th&ans
ionized molecules (Santos and Bahia, 1995). position have little effect on the promotor activity,
The effect of two pyrrolidones (2-pyrrolidone andhowever these cause a less irritating effect than
N-methyl-2-pyrrolidone), an aprotic solvent those with saturated chains; the ring size (C5-C7)
(dimethylfomamide), propylene glycol, azone anchas little influence on the activity of azones; the
oleic acid were investigated concerning thenumber of carbonyls in the ring influenced the
cutaneous penetration of betamethasone 1&nhancer effect, being that compounds with an
benzoate. Dimethylsorbate, a non-promotingazocyclopentane monocarboxilated ring are more
solvent, was used as the solvent to evaluate tledfective than bicarboxilated rings. Pretreatment
choice of the co-solvent. The promotor effect ofof the skin with ethanol increased the penetration
DMF was evident, however, to a lesser degree faf 6-MP three times, when compared to non-
the pyrrolidones. Azone and oleic acid weretreated skin.

effective when associated with propylene glycolStudies using five different azone derivatives for
and were not when associated with DMI, thughe cutaneous permeation of Mitomycin C (MMC)
showing the importance of the correct choice of ahowed that the size of the azacyclic right (C5-C7)

co-solvent (Bennet et al., 1985). had little influence on azone activity; however, the
change in size of the hydrophobic lateral (side)
Azone and derivatives chain resulted in a variation in the activity of these

The enhancer effect of Hodecylazacycloheptan- compounds. Compounds with a shorter lateral
2-one (azone) on various drugs through théside) chain were shown to be more effective than
stratum corneumhas been described by manylonger lateral (side) chains (Okamoto et al., 1987).
authors. In general, lipid fluidization and alterationLambert et al (1989) concluded that the main
of biomembrane protein configuration have beemction mechanism of azones consists in the
described as possible action mechanisms. THtuidification of the stratum corneunthrough the
choice of a vehicle is one of the factors thatowering of the lipid transition temperature {§T
interfere in the enhancers activity on cutaneouwhile the queratine of thestratum corneum
permeation (Okamoto et al., 1988). The ability olseemed to be altered in the presence of azones.
azone (1-dodecylazacycloheptan-2-one) tdhe effect of the vehicle on the enhancing action
increase percutaneous liberation of metronidazolef azone and derivatives on percutaneous
was investigated on human skimvitro. Azone in  absorption of acyclovir was studied. Four solvents
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- propylene glycol (PG), ethanol (ET), isopropanokestosterone, indomethacin, and fluorouracil, but
(IPA) and isopropyl myristate (IPM) were used aghis was not the case for benzoic acid and
the vehicles. The combination of a hydrophilicmethotrexate. Dodecylamine only increased
vehicle with a hydrophobic promotor favored thediffusion of fluorouracil. Isopropyl myristate,
promotor effect, with the exception of the IPMtoluene and propylene glycol were used as
vehicle where such sinergism was not observeddjuvant. The enhancer effect depended on the
This fact could be attributed to the solubility drug, the adjuvant, and the vehicle (Aungst et al.,
parameter of the vehicle and the enhancer, sind®90). Golden et al (1987) showed the
the polarity of the IPM and of the enhancers wereffectiveness of fatty acids as absorption

similar (Okamoto et al., 1990). enhancers by usingis and trans isomers of
octadecenoic acid. Studies utilizing infrared (IR)
Acids and fatty alcohols spectrometry and differential scanning calorimetry

The fatty acids and their esters are consideredSC) showed an increase in lipid fluidification
authentic absorption enhancers. Ongpipattanakalfter stratum corneuntreatment with monoenoic
et al. (1991) studied the enhancer effect of oleicis acids, resulting in an enhancer effect for the
acid on polar molecules and concluded that fattflow of salicylic acid.

acids promoted the fluidization ofstratum Yu et al (1988) determined the effects of vehicles
corneum lipids by lowering the lipid transition on the absorption of nicardipine compounds (free
temperature (J). The utilization of binary base), nicardipine hydrocloride, ketorolac acid
mixtures of fatty acids/alcohols with propylene(free base) and ketorolac tromethamine. The
glycol presented an accentuated increaseenhhancer effects of propylene glycol, trimethylene
synergistic effect. The length and ramification, aglycol, ethanol, azone, Tween 20, water, and long-
well as the degree of saturation of lateral (sideghain fatty acids were investigated. Trimethylene
chains of fatty alcohols/acids influences theglycol and Tween 20 presented minimal effects,
enhancer effect of these substances. Short chaiagone and ethanol promoted moderate absorption,
and insaturations show a greater increase in thehile long-chain fatty acids in combination with
flow of salicylic acid when compared to long andpropylene glycol were very effective in the
saturated chains (Cooper, 1984). permeation of the tested compounds. A higher
The flow of naloxone penetration on human skirflow was observed for lipophylic compounds
was determined using various vehicles in thavhen compared to their salts.

presence of absorption enhancers. Some of theB&yan et al (1996) tested the permeation of
agents have a potencial effect on the absorption afietaproterenol sulfate, a bronchodilator with low
naloxone, while others have little or no effect. Theabsorption via the gastrointestinal route. Systems
maximum flow increase was observed using fattgontaining capric acid, lauric acid, or myristic
acids or fatty alcohols/propylene glycol. Foracid, showed different degrees of potency in the
saturated fatty acids or alcohols, the best enhancieicrease of cutaneous penetration. Capric acid
effect was obtained for compounds with 12(C,q) was less effective than lauric acid
carbons on the lateral (side) chain; for compoundgC,,)/myristic acid (G in the cutaneous
containing an 18 carbon lateral (side) chain — oleipermeation of metaproterenol through the skin.
acid and oleic alcohol — the best effect wa¥uramoto et al (1996) analyzed the flow of
observed for saturated chains when compared todomethacin on snake and human skin. Fatty
corresponding  saturated  chains.  Variouslcohols were used as absorption enhancers. The
mechanisms have been proposed: Increase in drfigw of indomethacin diminished with the increase
solubility on the skin; the action of the solvent onof the number of carbon atoms. The influence of
lipids, and even, conformational alterations orsix promoters (azone, DMSO, N-methyl-2-
protein membrane desnaturations (Aungst et alpirrolidone, lecithin, laurylether polyoxyethylene
1986). and N-N-dimethyl-m-toluamide) were compared.
The enhancer effect of caprylic acid, lauric acidThe flow of indomethacin increased with the
dodecanoic acid and dodecylamine on theaddition of azone, N-methyl-2-pyrrolidone and N-
cutaneous permeation of naloxone, testosteronbl-dimethyl-M-toluamide.

benzoic acid, indomethacin, fluorouracil andThe enhancer effect of 12 fatty acid esters of
methotrexate was evaluatéd vitro. Some fatty medium and chains on the penetration of
acids increased the diffusion of naloxoneketoprofen and indomethacin was studied.
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Ketoprofen had almost the same partitiorLippold and Hackemdiller (1990) studied the
coefficients of indomethacin (log P octanol/wateNatural Moisturizing Factor — sodium lactate (Na-
0 3); however, its molecular weight and meltingLac) sodium pyroglutaminate (Na-PCA), and urea,
point were lower and their/its solubility was sorbitol, N-hydroxyethyl lactamide (OH-Lac) and
higher. The solubility of ketoprofen was higher forpropylene glycol on the percutaneous absorption
the medium chain esters. A linear relation wa®f nicotinate esters. The effect was evaluated by
observed between the solubility of ketoprofen anthe amount of time necessary for erythematic
indomethacin in esters and their permeatiomnduction (rubor and increase of skin temperature).

through the skin (Fuji et al., 2000). All of the substances were non-effective in drug
permeation, with the exception of propylene
Urea and derivatives glycol, thus supporting the hypothesis that these

Urea is one of the constituents of what is known asubstances competed for the queratine water of the
the Natural Moisturizing Factor. The enhanceicorneocytes, reducing hydrophilic and lipophylic
effect of urea is attributed to an increase ofirug penetration.

cutaneus moisture (Santos and Bahia, 1995). Urea

and 3 analogues — 1-dodecyluré@aDU), 1,3- Pyrrolidones

didodecylurea (DDDU) and 1,3-diphenylureaThe promoter effect of the derivative substitutes of

(DPU) -, dissolved in 3 solvents; pyrrolidone was studied - 1-metil-2-pyrrolidone
dimethylisosorbide (DMI), light liquid paraffin, (I),  1-hexyl-2-pyrrolidone (lI),  1-lauryl-2-
and propylene glycol (PG), were tested agyrrolidone (1, 1-methyl-4-carboxy-2-

absorption promoters of a model drug — 59yrrolidone (Iv) e 1-hexyl-4-carboxy-2
fluorouracil (5-FU). Urea and such vehicles werepyrrolidone (V), 1-lauryl-4-carboxy-2-pyrrolidone
not effective in the permeation of 5-FU through(V1), 1-methyl-4-methoxycarboxy-2-pyrrolidone
the human skin. DMI and liquid paraffin did not (VII),  1-hexyl-4-methoxycarboxy-2-pyrrolidone
alter the enhancer activity of urea analoguegVIll) e 1-lauryl-4-methoxycarboxy-2-pyrrolidone
However, an elevated enhancer effect wafiX) — was studied concerning the absorption of
observed for these compounds when associatéthenol Red (Phenolsulfonphthalein) — this being a
with propylene glycol. The results indicated thatmodel of a non-absorbant drug. The compounds
the choice of a vehicle clearly had an impact omstudied presented varied degrees of lipophilicity
the enhancer effect of the evaluated substanceaccording to the nature of their functional group.
Various mechanisms are proposed for thdhe substituted derivatives 1-hexyl and 1-lauryl
enhancer effect: rupture of the organized lipicshowed a higher enhancer effect when compared
structure between corneocytes; interaction withwith 1-methyl substituted derivatives. On the other
cellular proteins, and alterations of the partitiorhand, the addition of the 4-carboxy or 4-
coefficient (Log P) (Williams and Barry, 1989).  methylcarboxy group for a 1-alkyll-2-pyrrolidone
Naito and Tsai (1981) studied the effect of urea odiminished the promoter effect (Sasaki et al.,
the percutaneous absorption of indomethacin. Ah988). The combination of substituted pyrrolidone
accentuated increase in absorption was observeélgrivatives - 1-methyl-2-pyrrolidone (MP) and 1-
for 0.5% urea concentrations; however, dauryl-2-pirrolidone (LP) was more effective that
significant diminishing was observed whenthe isolated use of these compounds. (Sasaki et al.,
concentrations of 2.5 and 5% urea were added990a). The enhancer effect of the pyrrolidones on
Unsatured cyclic ureas were synthesized with thphenolsulfonphtalein was dose-dependent, low
objective of increasing the ability of theseconcentrations of these substances promoted a
substances as absorption enhancers. Thekmger action time (Sasaki et 4090b).
compounds are biodegradable, being degraded Bye effect of various concentrations of 1-methyl
esterases (Wong et al., 1988). The enhancer effeg}, 1-hexyl (Il) and 1-lauryl-2 pyrrolidone (l1I) on
of urea prodrugs (cyclic ureas) on the absorptiothe penetration of phenolsulfonphthalein was
of indomethacin was investigated. Azone was useexamined. The enhancer effect of substitutive
as a standard promoter for comparison. Threderivatives of pyrrolidone - 1-methyl-2-
studied compounds presented an equal or bettpyrrolidone (I), 1-hexyl-2-pyrrolidone (II), 1-
enhancing effect as that of azone (Wong et allauryl-2-pirrolidone (lll) — was dose-dependent.
1989). The lag-time decreased with the increase in
promoter concentration. The promoter effect of Il
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was reversible, while a longer time was necessamastor oil (HCO-60). The results showed that HP-
in order to remove compound Il from the skinB-CD increased the solubility of methylparaben in

(Sasakiet al, 1990a). water, diminished the permeability of
methylparaben on the skin by 66%, and promoted
Cyclodextrins the conversion of methylparaben to its less toxic

These are cyclic oligosaccharides formed by ahetabolite, p-hydroxybenzoic acid (p-HBA). The
least 6 glucose units, being that the most wekffects of HPB-CD were higher than those of
known area-cyclodextrin (6 units)B-cyclodextrin  HCO-60. In a parallel fashion, the percutaneous
(7 units) andy-cyclodextrin (8 units), which are absorption of HMB-CD was extremely low
obtained from starch by the action of the(Tanaka et al., 1995).
cyclodextrine-glycosil-transferase (CGTase)The effect of 2- hydroxypropy-cyclodextrin
enzyme (Clarke et al., 1988). The cyclodextrinHP3-CD) on the permeation of liarozole was
ring, with an elevated number of glucoseeyaluated and compared with 2,6-dimetRyGD
molecules, becomes very flexible, and is able tgp|MEB) as well as a formulation containing 40%
accommodate_ mole_cules in its interior. These argropylene glycol and 10% oleic acid (PG/AO). A
known as inclusion complexes. There ar&ma|l enhancer effect on the percutaneous
numerous ~ studies concerning the effects Ofanetration of liarozole was observed for B#P-
cyclodextrins on the topical bioavailability of the cp 5t 2094 concentration, while a decrease in
drugs. The addition of cyclodextrins in nermeation was observed for DIMEB in the same
transdermal products has been used to increase Qfgitions. The PG/AO system increased the flow
decrease the absorption of many C€OMPOUNGSk |iarozole in the skin 1.7 times (Vollner et al,
within the skin; reduce or prevent irritation; reducelggg). Arima et al. (1996) studied the enhancing
or eliminate odor; control the release Ofeffects of heptakis (2,6-di-O-methy}-CD (DM-
fragrances; stabilize emulsions and suspensioné_,CD) and 2- hydroxypropiB-cyclodextrin (HP-
among other applications (Loftsson, ZOOO;B_CD) on the percutaneous absorption of 4-
Loftsson and Masson, 2001). biphenylyacetic acid (BPAA) - a nonsteroidal anti-

Cyclodextrins are relatively large molecules Wh'ChmfIammatory drug -, in hydrophilic cintment and

present considerable difficulty when permeating . : .
the skin. However, the enhancer effect has beepMPare with enhancing effect ﬁfcycloglextrm
observed for cyclodextrins, thus it has beedP-CD)- All B-CD’s that were analyzed increased

suggested that the irritating effect on the skin lead§'€ reléase of BPAA. The results suggested that
to the extraction otratum corneurtipids, thus theB-CD promoter effect could be a result of the
favoring the permeation of substances (Loftssofficrease in solubility of BPAA.

and Masson, 2001). lervolino et &000) studied _ _

the increase in permeation of ibuprofen in dontophoresis, electroporation and ultrasound.
saturated solution using a silicone membranéd/ltrasound  (phonophoresis)  involves  the
Hydroxypropyl  methylcellulose (HPMC)  and @PPplication of an ultrasound source over a surface
hydroxypropyl8-cyclodextrin (CD) were used to pre_vlously treated Wlth the drug dispersed in a
establish a saturated solution. Best physicdPPical pharmaceutical form. The ultra-sonic
stability was observed when propylene glycol wa§n€"9y perturbs lipid packing in the intercellular
used, when the variation of the flow of ibuprofenSPaces of thestratum corneumby way of
was proportional to the concentration of thecaptivation and heating effects, thus, accelerating
vehicle. HPMC and CD were both effective inth€ penetration of the drug into the tissue (Barry,
increasing the flow of ibuprofen and acted b 001). . ) )

different mechanisms. While HPMC acted by arjontophoresis is the electric delivery of the
inhibitation of crystal grown, CD affected the charged molecules into the tissue — it consists in
super saturation by increasing drug solubility. ~ the Ppassage of ~a small direct current

- _ (approximately 0.5 mA/cf) by an electrode

I;(j Ozzl)l:tkr)ill:zmg (?_lo;(;]ct:laDl) of ZtodrO)s;%zﬁ%; holding the drug in contact with the skin. A
methylparaben and diminish the Cutaneouground—electrode pla_ced _anywhere on the body
absorption was evaluated and compared with th ompletes the electric circuit. The transport of
charged molecules is driven primarily by electric

nonionic surfactant hydrogenated pOIyOXyethylenerepulsion of the motriz electrode. Neutral polar
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molecules may also be released by a flow ohour while electroporation was done through the
connective water induced by a current (eletroapplication of 150V-300ms pulses. The efficiency
osmosis). Considerable interest has been shovafi square-wave pulses (SW) and exponentially
concerning the possibility of transdermic releaselecaying pulses (ED) to promote transdermal
of peptides and proteins, as well as many othgrermeation of fentanyl were compardd. vitro
drugs. The density of the current per unit of aresstudies showed the same permeation profile for
although low, penetrates the follicular pathwayboth of the physical methods that were used.
(low resistance route), thus able to damage thidowever, preliminaryin vivo studies suggested
growing skin, apart from the possible irreversiblehat electroporation drastically reduced the lag
modifications in the skin itself. time necessary to produce a therapeutic effect
The transdermal iontophoretic delivery ofwhen compared to the passive drug diffusian4
hydrocortisone in an aqueous solution, wherh) or iontophoresis. Both of the pulses — ED and
added to 2-hydropropys-cyclodextrin (HPB- SW — were efficient in the cutaneous permeation
CD), was investigated and compared with theof fentanyl. However, the quantity of fentanyl
formulations containing chemical enhancer. HPtransported was higher due to ED pulses than to
B-CD at 9% concentration increased theSW pulses. The electroporation phenomenon
transdermal iontophoretic release ofthrough the skin should occur in two stages: The
hydrocortisone (1%). However, low flow valuesfirst stage is dependent on voltage and consists in
were observed when insufficient quantities of HPthe creation of a permeable structure. The second
B-CD (3%), or excess amounts (15%) were usedtage involves maintenance or expansion of this
The flow values observed in the iontophoresis-HPstructure or expansion of the structure and/or
B-CD system were higher than those observed ifilectrophoretic movement of molecules, thésng

the passive permeation of hydrocortisone in a norf stage which was dependent on the duration and
aqueous vehicle such as propylene glycol added fimber of pulses. ED pulses seem to be more
oleic acid (Chang and Banga, 1998). efficient in maintaining or expanding the
In the last 10 years, a physical method known a@ermeable structure and/or electrophoretic the
electroporation or electropermeabilization haglrug movement. The results obtained showed that
been widely used in biotechnology for thethe transdermic release of fentanyl by
permeation of m0|ecu|es’ presenting higl’ﬁlectroporation could be a promising tool for
molecular weights through biological cells (ex.0btaining a fast analgesic effect of the drug by a
plasmids). The electroporation, contrary tonon-parenteral route. Electric pulses can strongly
iontophoresis, uses the application of high{romote the transdermal release of drugs. Factors
voltages pulses (Vanbever et . al 1996). such as voltage, duration, and number of pulses
Electroporation involves the creation of aqueous#hfluence transdermal drug permeation.

pores in the lipid bilayers through the application

of short electric pulses (micro-to millisecond) of

approximately 100 to 1000 V/cm. A flow increaseCONCLUSIONS

of up to 10 thousand times has been obtained for

the charged molecules. Electroporation can bé&he transdermic route presents many advantages
combined with iontophoresis to improve drugfor the drug absorption. There are a variety of
permeation (Barry, 2001). substances that have been identified as absorption
Fentanyl is a potent opioid used in analgesia angnhancers, which temporarily diminish the
anesthesia, being available in the form of a sterilénpermeability of the skin. While the list of
injectable 1V solution. Fentanyl is a lipophylic percutaneous absorption enhancers continues to
base (pK-=8.9; Log Rcywater at pr 7.4~ 717) and has a grow, in the majority of cases, there is a
molecular weight of 336 Da. Great interest hasorrelation between the enhancer effect and skin
been observed in the transdermal iontophoretitoxicity. According to Okamoto et al. (1988) the
transport of fentanyl. The potential of electricterm absorption enhancer should be reserved to
methods — electroporation and iontophoresis — fggubstances that significantly increase drug
the transdermal release of fentanyl was comparg@enetration without severe damage to the skin. The
by Vanbever et al (1996). lontophoresis was use of these substances, therefore, depends on
performed using pulses of 0.17 mAfciior one
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studies which focus on local and systemic toxicityBennet , S.L.; Barry, B.W. and Woodford, R. (1985),

as well as action mechanisms. Optimization of bioavailability of topical steroids
non-occluded penetration enhancers under
thermodynamic controlJ. Pharm. Pharmacal 37,
298-304.
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