CHAPTER 11

LITERATURE REVIEW

1. Zidovudine (AZT)

1.1 General properties of AZT (

Figure 1 ~— Chemieal structure of AZT
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Molecular formula C ¢ CmHl 3N504
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Appearance A white or brownish=powder, odorléss
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soluble in ethanol (BP 1998)
Ultraviolet absorption Absorption maximum at 266.5 in water (g 11,650)
Melting point : 120-122°C

Therapeutic category : Antiviral agent



1.2 Mechanism of action
AZT is a synthetic thymidine analog that exerts the activity against HI'V-
1, HIV-2 and human T-cell lymphotrophic virus (HTLV) ((McLeod and Hammer,
1996).

After entering the host cell, AZT is phosphorylated by thymidine kinase

to a monophosphate, that being , ed into diphosphase by thymidylate

kinase before become acti nucleoside diphosphate kinase

(Furman er al., 1986). everse transcriptase of HIV by

competing with thymi regeneration of HIV was

inhibited by AZT-5-trip L

¢ phosphorylation of AZT

may reduce levels o . These latter effects may

The pharmaceokinetic-paiameteis—ot-Ad=were: summarized in Table 1.
iy

Although orally administered AZ ab orbemfrom intestinal mucosa, it

loses conmdereﬂi poten€y=during its first 5&3 and then is ra 1dly eliminated from

u ﬂg hﬂﬂn mﬂlm ral administered AZT
| AT TELATINY NN Y

For other ccommon adverse effect of AZT, anorexia, fatigue, malaise,

the body with

myalgia, nausea, and insomnia are included. Anemia may develop as early as four

weeks treatment (Walker ef al., 1988).



Table 1 Pharmacokinetics parameter of AZT (MIMS Annual Thailand, 2002)

Parameter AZT
Oral bioavailability,% 60-70
Plasma #,/3 ¢jim, hours 1.1

Plasma protein binding, % 7 \U /) 34-38
‘ﬁ-.__j-;:_\ : . ‘?F

Clearance (Cl), mL/min/kg 27.1
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1.4 Therapeutic uses * :
: o

Volume of distributio 6 . 1.6
(Va), L/Kg \
. \\ |

12 elim, half-life of eliminati

AZT was the f--v (rOViT nt that was approved by FDA for
HIV infection treatment in - monotherapy or in combination
with other antiretr V' 7777777777777 l for preventing prenatal
transmission of virus im)regnant women with HIV infecmm and is recommended for
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Since it8/release in 1987, th°e effectlveness of AZT has been established in
numer(Q WQI&&@ ﬂﬂﬁm N"ﬁ qplg tﬂ H qta Hlth advanced
disease showed that AZT improved survival over 24 weeks (Fischl er al., 1987).
AZT plus other nucleoside reverse transcritase inhibitors provides greater clinical
benefits than AZT alone. AZT combined with lamivudine produced a 66% reduction

in disease progression.



Various dosage forms of AZT are manufactured. They are 300 mg tablet or
100 mg capsule. AZT is also in the dosage form of syrup that contain 50 mg AZT per
5 ml and in the dosage form of injection solution that contain 10 mg per ml (Drug

fact, 2001).

1.5 Administration

The recommen aﬂﬂ//@ adults is two 100 mg capsule or

-.-J

four teaspoonful (20 m round the clock. With the

to 100 mg every 4 hours.

For intravenous infusion, sed 1§ 1o 2 n sed over 1 hour six times

order delivery systems, would g’;ﬂmﬂ,’ 2dueing the high daily dose of AZT (5-

strong side effects, an%'npro v C (Ra@nti and Haar, 2001).

2. Transdern@ Mﬂﬁen@m %UW EI ,] ﬂ ‘j
AN TR U UTVIIN VR g o ens

through thtact skin (Kydonieus, 1987; Shah, 1992; Chien, 1992). It is designed to
deliver a specific drug through various skin layers and finally into the circulatory
system to exert a pharmacological action (Shah, 1992; Rolland, 1993). Transdermal

delivery systems present a number of advantages over classical drug delivery



systems administered via other routes (Chien, 1983; Kydonieus, 1987; Chien, 1992;

Rolland, 1993). These are

ease of self-administration
- good patient compliance

- avoidance of variation in gastro-intestinal absorption

- bypass of the hepatic fi bolism

a concentration of drugs

\\ N
f\\\

tion in certain clinical

- provision of sustai

emoving of the delivery

system

2.1 Fea hl,-; ect dr ‘mal delivery system

The crim‘ia for determining the feasibmy of drug as transdermal

delivery can bﬁ)ﬁﬁiq qm ﬁwgw Ef}fﬁaﬁ, 1987; 1989).
ARae ‘E'@H St Fbda) ¢

A drug subject to GI degradation or hepatic first pass
metabolism would be suitable for transdermal delivery. A drug with a half-life of 3 h
has been shown to reach steady-state levels rapidly and is a good candidate for

transdermal delivery (Guy and Hadgraft, 1989).



2.1.2 Physicochemical properties of the drug
The skin permeation of the drug delivered from the

transdermal device is presented in Figure 1, and can be described as follows:

Drug transport within the delivery system to the device-skin

surface interface.

The diffusion and pa . "~ the dr g are crucial properties of drug
permeation. The d , _w, the skin surface. The

diffusivity ~coefficient-o tion of the nature of the

polymer and the molecu}ar size of the d For skin permeation, the diffusivity

coefficient of ﬂguoﬂh’gem& n@ Wtﬂdllrﬁ ‘gnteractlon between
he drug mol ule and the tlssue as v@’ell as the dnﬁnolec arlﬁlzﬁigh should be
below a)ﬁ n A o

A drug which has a log P (log of octanol-water partition coefficient) of less
than —1 would mean that the drug is in the aqueous phase and permeate poorly
through the skin ; when log p equals to one or zero, it means that drug can diffuse
into the stratum corneum and then partition reasonably well into the underlying

tissue.
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throu h skin (Chieng1987a: 81-100, 1987b : 523-§52.).
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However, a drug with log P value more than two, would not reach its steady
plasma concentration since it deposits in the stratum corneum which behaves as a

drug reservoir (Chien, 1992).

3. Reports on AZT transdermal study
T were summarized in Table 2. Since
1989, AZT permeation th w chemical enhancers or physical
enhancers for evaluating ili \@T development.
AR

The use of chémi ce g following:

The reports on AZT trans

e

skin which should affect the __pm L of AZT after percutaneous applications,

derivative of AZT weie synth sed as@odrug of AZT. The skin

delivery characteristics l‘fAZT via controlled release of penetration enhancer was

studied (Seki et ﬂluﬂ gkw ﬁ m(ﬁsu EJW’]]ﬂind Juni, 1990; Seki et
" lgﬁ?W'I ANNIUNRIINAY

Many novel chemical enhancers such as t-anethol, carvacrol, thymol and
linolool were tried for enhancing the transdermal delivery of AZT by Karali et al
(1995).

Kim and Chien (1996) have investigated skin permeation of three drug

compounds, AZT, ddC, and ddI using hairless rat skin and a cosolvent system of
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ethanol/water or ethanol/tricapylin. They found that the skin permeability of

these drugs could be enhanced.

Table 2 Reported AZT transdermal studies using chemical enhancers

Year AZT Vehicle and Animal skin Reference
preparation enhancer
Invitro | Invivo
in donor
1989 solution rat Seki et al.
1990 solution rat Seki et al.
- Seki et al.
1991 solution, rat Seki et al.
1995 solution rat | Karaliet
ﬂﬁﬂv“i VIEJWS”W \’im‘
enhancer
AWIANT ifW‘W’l NUNAY
9 IPA/water, PG/water
1996 saturated ethanol/water, hairless - Kim and
solution ethanol/tricaprylin rat Chien
solution, IPM, simethicone, rat rat Jin et al.
suspension ethanol/IPM
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Table 2 (cont.) Reported AZT transdermal studies using chemical enhancers
Year AZT Vehicle and Animal skin Reference
preparation enhancer
Invitro | Invivo
in donor
2000 solution rat - Jin et al.
2003 saturated - Thomas and
solutio Ponchgnula
Table 3  Reported AZT g physical enhancers
(iontophoresis).
Animal skin Reference
In vivo
i lﬁ .j - Wearley
and Chien
) o/
18‘ a E] Oh et al.
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Thomas and Ponchagnula, (2003) observed the effects of various solvent
systems containing water, ethanol, propylene glycol, and their binary combination on
the ex vivo permeation of AZT across Spraque Dawley rat skin. It was concluded
that the lag times of AZT from this experiment were too long that did not appropriate
for developing AZT transdermal delivery system (20-50 h).

!/

The physical enhanee; d as follows:

Wearley a 90 - = ect of AZT iontophoresis on
the skin permeation. ed the effect of current, its
magnitude and pene ux of AZT across hairless

mouse skin (Table 3).

information. Hence, @s thiﬁse of chemical enhancer in

developing AZT transdefmal delivery system.

ﬂ‘uﬂ’mﬂﬂi‘WMﬂ‘i
) P"‘I‘W’Tﬁ“ﬁﬂim UAINYAY

An ideal determination of transdermal delivery potential of a compound in
human, an actual study in human is necessary. But with many limitations and other
associated problems, preclinical studies that involve either animal study in vivo or in

vitro studies using animal skins are substituted.
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4.1 In vitro percutaneous absorption studies.
Kligman (1983) stated that in vitro data are more credible than in vivo data
and that if differences do exist, the in vivo data are considered suspect. Percutaneous
absorption can be studied by the in vitro technique since a sheet of skin could be

excised without loss of its essential membrane qualities. This in vitro technique is

i ) tween a donor and a receptor phase of

ati ‘ g from the donor phase to the
.t —

the pe (flux) is determined either

a kind of diffusion cell.
receptor is followed cafe
from the depletion 1 in nor phase or from the
accumulating drug c

There have i ari i | ell designed for in vitro
measurement of skin pe ion,, The e cells he enerally been designed in one of
the following two types:
diffusion cells.

The side-bL sede_diffusion cells are nsefaim neating mechanisms of
permeation under conq;jlle ited _'ﬂpredicting skin permeation

in vivo. The vertical cell§ are more versatiléibecause a wide variety of experiment

condition can@ u EJg:an mo&lanxjsﬂ ﬂ ’taefelr:ljlation of formulation
e TS I NN A Y

An upright-type diffusion c‘ell was first designed tly Franz (Franz, 1975).
The Franz diffusion cell (Figure 3 ) is one of the most widely used systems for in
vitro skin permeation studies. It consists of a small upper (donor) compartment

which has a wide opening at the top exposed to the air without any temperature

control and a lower (receptor) compartment. The receptor solution in the inner
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chamber is kept at a desired temperature by circulating water in the outer jacket and
maintained at a constant hydrodynamic condition by a tiny magnetic bar rotating at a
specific stirring rate. A skin sample is also sandwiched between the donor and the
receptor compartments. The drug permeation through skin is followed by sampling

the receptor solution via an open sampling port at a scheduled time interval.

SAMPLING PORT

RECEPTOR COMPARTMENT
(cell body)

WATER JACKET

AULINENINYINS
SLERNr i ineh (AR
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4.2 SKkins used in the in vifro permeation studies

Human skin provides an excellent barrier between the external
environments and the body. The human skin may be subdivided into three mutually
dependent layers. The epidermis which is the outermost layer of the skin, the
underlying dermis and the subcutaneous fatty layer (hypodermis).

3 outermost layer of the epidermis, typically
%ely 10 mem thick when it is dry.
S —

This layer, which co ucwratinized cells embedded in a
lipid matrix, is esseM i he D MNans ous absorption of most drugs

The stratum corneum, which i

comprises 10 to 15 cell la

and other chemic Im, corneu n 1s the major rate limiting barrier to
molecular diffusio epidermis aetex, Budde, and Maibach, 1972). The

architecture of the ! “be modeled as a brick and mortar structure. In

the skin appendages+ he intact epidermis. However,

the appendages providg agimall fraction o&}surface area which is approximately 0.1%
of total skinﬂdue&d%’wi&}m §nw&n£il§1cant pathway for most
drug ermeat?(!n. This route maf be importantfor electrolytes~and for large polar
molec lﬁ

The appendages are also important in drug absorption just after application to the

skin and prior to the establishment of steady state diffusion (Scheuplein, 1967).
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The transepidermal route is the singular most important route of entry for
most drugs. Figure 4 illustrates two potential routes of drug permeation between the
cells (intercellular route) or through the protein filled cells and across lipid-rich
regions in tandem (transcellular route). Overall, at least for polar drugs, it is likely

that the transcellular route provides the main pathway during percutaneous

absorption. As penetrants bec , n-polar, the intercellular route probably
becomes more significant.’ ‘

Since tissue i passive process governed by
physicochemical la 01 \ hanism plays no part. Once
molecules pass the stra dly through the living tissues
of the epidermis and d he systemic circulation.
Several investi Iregear, 1966; Campbell et al.,

1976; Wester and Maiba d the permeability through

£
'

9
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Intercellular route Transcellular route

Intercellular| |
space| |

ide.  Minimal lipid  Keratin

Figure 4 Permeation'ro e stratum corneum.

common laboratory Bumal_sﬂ_(rabb' were more permeable than

f
the skin of man. The skins of pig and monkey are more identical permeability to
fa Y,

rman s i B AU WA T

xcept from the biologichl membranessmentioned, thefe have also been

synthe ﬁpfl ﬂqg ; mahlem ,Js’-d)ll gl! /J @clﬂs Silastic® sheet
which is frequently used.

Since there has been significant advances in the area of tissue culture, a

reliable model of human skin using this technique may be achievable. For example,

human keratinocyte cultures grown at the air-liquid interface have been found to
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develop substantial barrier properties to water diffusion (Mak et al., 1991). Also,
constructed human epidermis has been used to examine nitroglycerine and sucrose
permeability (Ponec et al., 1990).

Newborn pig skin was selected to be used in this study because pig skin is
more closely related to human skin than other laboratory animals (Bisset and Bride,
1983). Hawkins and Reifenrath g ' p ed that there was a good correlation
ste; \‘ & skin in vitro and that through
'--...‘

Ao

human skin in vivo.

Pigs and men bphylum vertebrata of the
phylum Chordata. 1 ) ¢ : S, | \ ien belong to the same class, the
mamalia, since they evel ofimy t1 ty (warm-bloodedness) to
control body temperature anc %Q‘:ﬁ@: v ith milk secreted by mammary

S IBalls” & \
Piaress i

# TR
Al s [+ 2

glands.

Pigs have a gestation period-of __' days and they are about 12 to 14

inches long at birth=Lhe fetal pigs studicd usuatly ra@e/from 10 to 14 inches in
& o birt ¢
length (Warran, 1974)5 m

Frandson (1986) ‘and. Warran (l97§und that the skin composition of pig
ski

e e Qe ) BT QLT e e i
e TR S DSV TN G e

appendages like human skin. However, the human and pig skins may have some
differences in tissue thickness, hair density, gland density, lipid composition,

metabolism etc.
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4.3 Factors influencing in vitro percutaneous absorption studies
Some important factors must be considered in an in vitro study
(Bronaugh and Collier, 1990) These factors are:
1. Maintenance of physiological temperature.

2. Provision for adequate mixing of receptor fluid.

\ molecule is temperature
dependent. The circulati i ke st be warmed.
\\
4.3.2 Provision for e mixing of receptor fluid
A sufﬁ E ! be controlled to prevent locally
drug concentrated **=“=——'-1'=——'~7"=="“T?' undary layers, thereby

minimizing diffusive ﬁista sysﬁns, this step can be readily

accomplishedﬁ using ‘some kind of autematic stirring device, e.g., a magnetic

g e uﬂ’mﬂﬂﬁ'ﬂﬂ’]ﬂ‘i
ammnim AN Y

4.3.3 Choice of receptor fluid
The selection of receptor fluid has become an important factor.
The receptor fluid is ideally isotonic saline buffered pH 7.4. Concentration of
penetrant that build up in the receptor phase should not exceed 5% of its

concentration in donor phase to maintain the situation of sink condition.
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4.3.4 Preparation of skin
The hair on animal skins must been carefully removed by
appropriate method. It was found that there was no permeation difference between
the frozen human skin that stored for over one year and the fresh skin (Harrison,

Berry, and Dugard., 1984). Franz (1975) also concluded that to freeze the skin up to

three months did not damage the erties of the excised skin. It has also

for storing frozen skin. This can

-J.

inhibit the formation of ic s which can distupt cell envelope (Cooper, 1985).

been recommended to use

iffere w\!. sady state rates between fresh

N

Pramod (1986) foun

and frozen rat skins.

4.4 The permeati Geess (James, 1995

\

ss 1s essentially a passive diffusion.

This is a phenomenon by wh; san 2s down a concentration gradient (or
. - = ﬁl" -
more accurately, a ‘:JV"TT‘TTW”T-"-*--G‘ molecular motion.
- ’.' i

In the situati(ﬁ 0 g the sﬁn, its diffusion is usually

considered as a unidireétienal process, i1.€.,/the concentration gradient is directed

only into the %Mﬂﬁmﬂm gﬁﬂﬂlfil;gpic medium may be
NI IR

oc _9’C
i R )
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where C is the concentration of the diffusing substance in the donor solution at time
t, x is a position normal to the effective area of diffusion for one-dimensional
diffusive process, and D is the diffusion coefficient in membrane.

With skin permeation studies in vitro, investigators often use a membrane
clamped between two compartments, one containing a drug formulation (the donor)

and the other containing a rece

providing sink condition (essentially

zero concentration). Afte teady state diffusion across the

—

membrane prevails. Und ditions €g ay be simplified to eqn.2:

......................... )
where M is the cumulati ermeant that passes per unit area through the
membrane in time t, Co i G-concen f diffusant in the first layer of the

membrane at the skin su phase and h is the membrane

o
difficult tﬂxeasure Co. However, the

concentration ﬁcﬁxg ﬁ ﬁ ﬂ.wxsswyﬁ.ﬁwbme Cq , may be

easily determinéd. Also, Cp and Cq4 are related as shown by eqn. 3

avmmn‘im UANINYAY

T P — 3)

-

thickness. y

In most dlfmsm\ experiments,

where K is the partition coefficient of the diffusant between the membrane

and the bathing solution. Substitution of eqn..3 into eqn. 2 yields eqn.4:
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dd _DKC, e, 4
dt h

This is the classic and most important equation used in skin permeation
studies. A graph of M, the cumulative amount of drug crossing a unit area of skin

against time yields a profile of drug penetrating the membrane (Figure 5). An

approximately 2.7 ti

diffusion coefficient

Thus, in theory, D ‘be obta ed measuring L, providing the membrane

thickness, h, is kn?

several disadvantages/as the exact .t"“ corneum is difficult to
| . il
measure and may var)’uith penetratlon enhancer treatment. The measured thickness

of membrane ﬁe!uoﬁl(}rtm ﬂm Wmmusmn and the value

obtained for D &Itherefore an appatent one. Adﬂxonally, lag tlm;s obtained from
permeatin [Apehipbi dshhirbdn i end 19 oF bacied MG hnd include
compone:t arising from penetrant-horny layer binding.

The permeability coefficient of a diffusant through a membrane, Kp, may be

defined by eqn.6: (Michael and Kenneth, 1998)
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The rate of change of cumuls nass ! hat passes per unit area through
the membrane, dM/dt, is te -- ed-the San! (J) and may be evaluated from
the steady state portionsof theddrug permeatic \‘-' ure 5).

Thus, if the donor ftral on’ he flux ‘\' permeation are known, the
permeability coefficient ¢ nin | e \-\ bility coefficient is widely

used to characterize the pe

drug per unit skin area per Acentrati

AULINENINYINT
AN TUAMINYAE
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5. Technologies for transdermal delivery system (TDS) development
Technologies developed to provide rate control over the release of drug and
their subsequent permeation across the skin can be classified into the following 5

basic approaches:

5.1 Pressure-sensitive adhési ) matrix devices

The PSA ca ositior E&ce or the back of the device and
r——

shows a common type grldrug/ves H s the'adhesive. The rate of drug
release is defined by
used for drug-in-solut

cspectively, like a matrix

device. Monolitic PSAs, for exar _, { e Franc ““ And Nitro-Dur I1®".

5.2 Membrane system i,:_‘:_fl;ﬁ',{,_f..

In "-,k AiC-itic ysiciiis, i {a g reservoir is totally
encapsulated in a sha@w co om @irug impermeable metallic

plastic laminate and a rﬁtﬂcontrollinﬁ?eric membrane. Figure 6b shows a
a -

cross-section f;}upﬂl gvn ﬂh mfﬂ i:g ﬂr:;rane can be ecither a
micro qrwa] mﬂdﬁs mwaﬂ (ﬁ/‘}tﬂeﬁvinyl acetate

copolymér). Surface of the polymeric is coated with a thin layer of a drug-

compatible, hypoallergenic, PSA polymer. The rate of drug release from this TDS
can be tailored by varying the composition of drug reservoir formulation, the
permeability coefficient and/or the thickness of the rate-controlling membrane.

Several TDS have been successfully developed from this technology and best
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examplified by Transderm-Scop®, Transderm-Nitro®, Estraderm®, and Catapres®,-

TTS.

5.3 Adhesive membrane system

An adhesive layer can be used instead of polymeric membrane or rate
control in reservoir devices. Figt ' a typical type of adhesive diffusion-
controlled system that a layerof non n \&-controllmg adhesive polymer of
‘ ve diffusion-controlled drug
delivery system. Th glease ' nw\\\-\:\ Fick’s law. Drug release

it® sy - ers is controlled by different
diffusivities of the layers OV \
M.; %

sules  prepared by polymer and

polymeric membraiye V pes of 1 \*- such as hollow fibers,
i

porous polymer she the %11 of a capsule. Micro

encapsulation uﬁcﬁ iﬁwilc ﬁ%s in this system, and
several hydroﬁ hy rl‘lom ers are available for this purpose. A

G LGN U L - ae

TDS. A'tross-section of this type TDS is shown in Figure 6d. This technology has
been utilized in the development of Nitrodisc®. Release of a drug from micro

reservoir-type TDS can follow either a partition-control or a matrix diffusion-control.
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5.5 Nonadhesive polymeric matrices
The simplest and least expensive way to control the release of a drug is
to disperse it through an inert polymeric matrix. This type of TDS is examplified by
the Nitro-Dur®, a cross section of which is shown in Figure 6e. The adhesive

polymer is usually applied around the circumference to form an adhesive rim around

the medicated disc.

Five Technologi co‘ 1d develop-for drugs, which their log K not

\\\\& perty of drug, the required

exceed 3. In selecti

therapeutic dose an e all considered. AZT is the

G p. cq5e
hydrophilic drug th#®r ff‘*’ ’\\
J-is \
large a1 f AZT can be leaded in.
g \
ftﬂ"ﬁ “.-‘J #

2T

e possible TDS of AZT

would be membrane syste

¥
ﬂummmwmm
amaxﬂmmum'mmaﬂ

X

Y
U
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Impermeable

/ backing

\Adheslve matrix

reservoir containing
drug

Drug reservolr

Drug-impermeable
metallic plastic laminate

Rate-controlling
'%3 —¢——polymeric membrane

AN

Adheslve layer

Drug reservolr layer

Rate-controlling
adheslve membrane

‘Adheslve foam pad
{flexible polyurethane)

Adheslve rim

" Microscopic drug reservolrs

Polymer matrix

)etlusive baseplate
inum foil disc)

dhesive rim

—~

ARIAN TN INAE

Figure 6 Cross-section views of transdermal delivery system

(a) PSA matrix device; (b) membrane-moderated TDS; (c) adhesive-controlled TDS; (d)
microreservoir-type TDS; (e) matrix dispersion-type TDS (Sugibayashi and Morimoto, 1994)
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6. Enhancers currently studies

Human skin is a multilayered organ, which is complex in structure and
function. The outermost layer of epidermis is the stratum corneum, which is highly
impermeable.

Chemicals that promote the penetration of a topically applied drug are

commonly referred to as accelerate ion promoters or penetration enhancers.

&

An approach to increase t
The enhancers incorpw
inert, nonirritating, an/

revert to its normal i ri

orate the penetration enhancer.
J

idemontoxic, pharmacologically

983 addition, the tissue should

removal of the chemical.
The ability of the en

that this task be acco ithout sKiftirritatiol ensitization. The goal is to

nﬁation through the skin: the

There are threeEa 'wa

polar, nonpolar, and polag/mnpolar parthwa&s, The enhancers act by altering one of

these pathwa)ﬂ u &Ly’}owltg;ln?]‘tﬁ Wagp%nyjs to cause protein
U

confonﬁtiwl 'g]lha e@r ﬁl\;ﬁptﬁ\iW(ﬁn ?IT ﬂt@iva igidity of the

lipid structure an uidize the crystalline pathway that substantially increase the

percutaneous absorption should be altered. Some enhancer, binary vehicles, act on

both polar and nonpolar pathways by altering the multilaminate pathway (Potts,

1989).
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Chemicals for enhancing the skin permeability are summarized in Table 4

(Sinha and Maninder, 2000).

Table 4 Enhancers in transdermal delivery system

Type of enhancer

enhancers

terpenes, terpenoid, essential oils

pyrrolidones

fatty acids and esters

sulfoxide and similar compe

alcohol, glycols, glyce: 1;-

ﬂ‘lJﬂ\’J‘VIﬂ'ﬂ

0
AN
#

-memthol, eucalyptus, cineole,

T

wyrrolidone (NMP),

v"'?'*n e, N-dodecyl-2-pyrrolidone,

L

i ‘k caproic acid, caprylic acid,

c1d, lauric acid, myristic acid,

‘v‘w

hyl sulfoxide (DM SO),
acetamide (DM A), decylmethyl

YEMS)

clin (TCP), l-nonanol,

qctyl alcohol, lauryl alcohol, medium

dhloberol] 9

Mlscel

- lipid synthesis inhibitors

- cyclodextrin complexs

- phq:Whplda q ﬂ i m u Mhosphatmcglme @rlvatlves

5-(tetradecyloxy)2-furancarboxylic acid,

fluvastatin, cholesterol sulfate

f-cyclodextrin
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