CHAPTER II
REVIEW OF LITERATURE
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Transdermal rate #?r;; r ° deliver offers the following

potential advantages [Barry, 1985]
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2. '‘Qontinuity of drug admmlstratlon permlttmg the use of a
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3: Achievement of efficacy with lower total daily dosage of
drug by continuous drugs input and bypassing hepatic first-pass
elimination. |

4. Less chance of over or under dosing as the result of
prolonged preprogrammed delivery of drug at the required therapeutic rate.

5. Provision of a simplified therapeutic regimen, leading to

better patient compliance.
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6. Ability to easily terminate the medication as needed by

simply removing the drug delivery device from the skin surface.

Transdermal drug delivery systems (TDDS) were classified,

according to the technological basis of their approach, into the following

categories [Chien, 1987]; ?
1. Membrane . pé 10 Jled transdermal therapeutic
systems.
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2. Adhésive . “r"‘"* therapeutic systems.
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3. Matrix diffusion controlled transdermal therapeutic systems.
Nitro-Dur delivers nitroglycerin for the medication of angina

pectoris.

NTS delivers nitroglycerin for the medication of angina

pectoris.

4. Microreservoir dissolution controlled transdermal therapeutic

system.



Nitrodisc delivers nitroglycerin for the medication of angina

pectoris.

The basic composition of TDDS is shown in Figure 1. TDDS

consists of five compositions as [Parich, Babar, Palkogiannis, 1985];
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From the compositions of TDDS, it is considered that the

with the skin surface

®

important composition which affected the control release rate is either
drug reservoir or rate controlling polilmcric membrane. Therefore,
controlled release system can be divided into two systems. One is a
membrane permeation-controlled TDDS and other is monolithic-controlled

TDDS.
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For the membrane permeation-controlled TDDS, the drug
reservior is prepared by dispersing the drug homogeneously in a solid
polymer. The drug in reservior is migrated through a rate-controlling
membrane to the skin. The rate of drug release from this system is

followed :

— (dQ)/(dt)=7 Ze b N Sy

s dfug lconcentra nthe reservior
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release rate of drug by drug reservoir. It can be subdived to be drug

reservoir gradient-, matrix diffusion- and microreservoir dissolution-

controlled TDDS.

For the drug reservoir-controlled TDDS, the drug reservoir is

formulated by proportionally increasing the drug loading level to form a
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gradient of drug reservoir in order to compensate the increasing in
diffusional path of drug during the ralease time. the rate of drug release

can be express by :

(dQ)/(dt) = KaDaA(ha) / ha(t) ....................... (2)

where (dQ)/(dt)

K, 2 81 ﬁ partition coefficient

( ‘Nnt in the adhesive layer
D, / / \\\

A(ha) l ‘ hich is increasing
ha(t) \\ ess of diffusional path

In the case of ma )-controlled TDDS, drug reservoir

is formed by $0 ug in a hydrophillic or
™ c disc is mold with a

. |'|'
e rate of

lipophillic poly &ic

defined surface aremand thickness. g release from matrix
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/(dt) = [(AQ D ) / 2t ]”2 ................ 3)
whcre (dQ)/(dt) rate of drug release
A = initial drug loading dose
o = solbility of drug in polymer
Dp = diffusivity of drug in polymer

t = time
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The drug reservoir of microreservoir dissolution-controlled
TDDS is complicated formulated. The drug is suspended in an aqueous
solution of a water-soluble polymer. This suspend is dispersed
homogeneously in a lipophillic polymer by high shear mechanical force to

form thousands of microscopic drug reservoir. These microscopic drug are

ross-linking the polymer chains
in situ. Release of drug frem t follow either a partition or
matrix diffusion controlled=proce . uantity versus Time or

Quantity versus Timed® ei€a e is resdWeg [Chien, 1987].

Nifedipine 1s not soluble in water as @e hydrophobic particle
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hydrophobic ‘Polymer accordu}g to the poor afﬁmty between the
hydroﬁw ﬁxﬂﬂl ﬂﬁnm%%’.‘@ew Bt’r.ll( a"halhydrophnhc
polyme have reasonably polyhydroxyl groups in their molecules which
could form hydrogen bonding with water molecules. When the drug has
been dispersed or entrapped into these polymers, the solubility of drug is
likely to be increased according to the surrounding water molecules
attached to these polymers. Therefore, more drugs are dissolved and likely

to diffuse through the polymers into the medium or the skin.
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. [Pillai, Babar

and Plakogiannis, 1988]
1. The physico-chemical properties of the polymer such as ;
molecular weight, glass-transition temperature, and chemical functionality

must be appropriate enough in allowmg the proper diffusion and release

gro@ not react chemically with

—d'

of the specific active agent

2. Polymer f
the active agent. /

3. e p ct must be non-toxic.
4. The ing the entire shelf-life.

red or fabricated into a

6. The cost should nc expensive as to make the

7. The polymer._ shou _} available.
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Figure 2 Structural Formula of Poloxamers
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The other names of poloxamers are Pluronic(R), Lutrol(R)
[BASF Waydotte, 1987a, 1987b], available grades of the poloxamers vary
from liquids through pastes to solid waxy flakes. The solution of
poloxamers can be sterilized by autoclaving. It is incompatible with

phenol, resorcinol, and betanaphthol in certain concentrations. It has low
toxicity and low potential t &n or sensitization. Poloxamers
can be used as a di sxfying agent, solubilizer,

thickening agent, gW“ ' ontrolling agent [BASF
Waydotte, 1987b, IM | ~

(Poloxamer 407) 1 that have molecular

8
weight of 12,500. Q;e polymer conswts by weight of approximately
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tasteless. It cahl be used as a thé:kencr for aqueous and a ueous/alcohohc
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[BASF Waydotte, 1987c¢].

Reverse thermal gelation is one of the characteristics of aqueous
solution of this compound, about 20-30% of poloxamer 407 gels are fluid
at refrigerator temperature (4-5°C), but are highly viscous gels at room

temperature and body temperature. The gelation at elevated temperatures is



reversible upon cooling. The gels consist of the large populations of
. micelles, forming an apparently viscous isotropic liquid crystal. The
aqueous, crystal clear, and colorless gels have potential as topical drug

delivery systems{Chen-Chow and Frank, 1981].

Pluronic F-127 gated as sustained release depot

&ﬂmt the linear relationships

cased. and the squared root of time

preparation for barbiturate;
between the amount of b
excisted [Kohri, 198# ks ¥ rom Pluronic F-127 gel
in the in vitro relez arrier had been studied.
The drug was rele extramicellar aqueous

channels of the gel @ , 1981].

ﬂumm N
’QW’]Mﬂ‘a"ﬁi

(81903
a%ﬂwaa

Figure 3 Structural Formula of Nifedipine.

Nifedipine, C{7H1gN2Og , is a yellow crystalline powder,
odourless and tasteless. Its melting point is between 171-175°C. It is

soluble in alcohol, acetone and chloroform. It must be stored in tight,
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light-resistant container at temperature of 15-25°C. It is a photo-
decomposition chemical. nifedipine is used for treatment and prophylaxis

of angina pectoris and hypertension [Reynolds, 1989].

The sustained release dosage forms of nifedipine had also been

developed. Nifedipine sustai ranules were prepared by using

was fo e release rate of the drug

n.l
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E \\ pral administration, the
pﬁ

N
\§~ hours [Kohri, 1987].

polymer " ethylcellulo

was decreased with ose. The release pattern of

the drug from ethy o study was first order

kinetics. Clinical
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plasma drug conce ] de e te
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Nasal absorption- g pin‘ﬁf gk ~was developed from
- / # )

polyethylene glycol 4 % nd car bopol 941. The gel preparation

0 "and 0.05% w/v carbopol 941

with a combination off50% /v PE

showed plasma drug concéntration {}' model in the range of 0.4-0.2

mcg./ml. and prol d_action of 6 hours [Mobrimoto, Tabata and’

V. X

Morisaka, 1987]. m | 41]
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(PEG 4000) matnx was prepared for a sol d dispersion Uposxtory base
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carrier. In -vivo study using a rabbit as a model, the matrix supposxtory

enhanced the bioavailability of nifedipine and gave a sustained release
characteristic without causing an excessively high peak level in plasma
[Umeda et al., 1983]. The pharmacokinetics of rectal administration of this
matrix suppository to healthy volunteers follow a one compartment model

with first order kinetics [Umeda et al., 1985].
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Presently, the available nifedipine preparations in Thailand are
in form of soft gelatin capsules in the dosage of 5 and 10 mg. Under the
following names; Adalat, Apo-nifed, Avenol, Calcegard, Femanon,
Nelapine, Nifecard, Nificard, Nifelat, Servidipine and in the form of retard

tablets in the dosage of 10 to 20 mg. as Adalat, Calcegard, Coracten,

Femanon SR, Nifecard.

A surfa reduce the interfacial

tension between tw s .is due to the molecule

- containing two localj ydrophilic in nature and the

!
§
]

onents of pharmaceutical,
cosmetic, and food f _ and Florence, 1983]. The
hydrophobic portion of s «?: ts. : lly. consists of flexible alkyl or
aryl chains. The 1- | | based on the charge
carried by the hy ’l be anionic (e.g., sodium

dodecyl sulfate), cati ‘pmc (e.g., cctyltnmethyl ammonium bromide), or

e FHHARENE HEART
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and no -polar groups on the same molecule. It is the unique solution
properties of surfactants that result in their widespread use as emulsion
and suspension stabilizers, wetting agents, solubilizers, and detergents. In
biological systems the effect of surfactant is complex, particularly their
effect on cell membranes which can lead to alterations in permeability

patterns [Attwood and Florence, 1983].
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Benzalkonium Chloride

Benzalkonium  chloride, [CgH5CH,N(CH;),R]CI, cationic
quaternary ammonium compound, is a white or yellowish-white, thick gel

or gelatinous flakes with a mild aromatic odour. It has a very bitter taste.

It forms a clear molten mas 8 hygroscopic and affected by
light and air. It is very solu 31. and acetone but insoluble
in ether. A solution in wates-is : ikaline and foams strongly when

or creams for cleansi : solition is stable at room

temperature for prolox¥ed periods, and may be autoclaved without loss of

effectivenes sﬂllu ﬂ‘laowﬁ% GJ‘WK]:ﬂﬁactants, - nonionic

surfactants in high concentratwn some rubbcr mixes, some plastlcs cotton
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CH,
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Figure 4 Structural Formula of Benzalkonium Chloride.
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Brij 35
Brij is one of trade names of polyoxyethylene alkyl ether series,

e.g., Cetomacrogal, Collone, Crodex, Texafor, and Emiplan etc., the

nonionic surfactants. Its general formula is CH;3(CH,)x(O-CH,-CH,)yOH;

where (X+1) is the number of ear oms in the alkyl chain, and Y is

the number of ethylene oxide groups hydrophilic chain, typically

10-60. The products tend fo_be mix swof_polymers of slightly varying
moleculer weight, aan ed \ .

Of w/o or o/w emulsions;
W‘ water solubility; and
detergents, especially ye f‘ a . similar cosmetic cleaning
preparations. They are stable instron idic and alkaline conditions.
They can undergo autoox1d _.' y': L 810 esulting in the formation of
peroxides and a coi lual increase in acidity. Brij 13318 soluble in water,
ethanol, and propylefie, g ﬂ,l. [Reynolds, 1989;
Boylan et al., 1986].
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CH; - (CHy)x - (O - CHj - CHy)y - OH

Figure 5 Structural Formula of Brij series.



Chlorhexidine Diacetate

Chlorhexidine diacetate, C,,H;(CI,N(,2C,H40,, is white to
pale; odourless or almost odourless microcrystalline powder. It is soluble

in water and alcohol; very slightly soluble in glycerol and propylene

glycol. Chlorhexidine and .i stable at normal temperatures.

Heating to 150°C wi yielding trace amount of

parachloroaniline. A uti of ch exidine salts may slowly

\ should be stored in
ght and controlled temperatures

\ puld not be used. It is
incompatible with soapf dnd- other 1 materials. As a precaution
against inati -with onas pecies resistant  to

chlorhexidine, stéck e ed by inclusion of at

Figure 6 Structural Formula of Chlorhexidine Diacetate.
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Dioctyl Sodium Sulfosuccinate

Dioctyl sodium sulfosuccinate, the nonproprietary name in USP
is Docusate sodium, C,oH;,NaO,S, is a white or almost white, plastic

solid, hygroscopic waxy masses or flakes. It has bitter taste and a

characteristic octanol-like odour: At/rg temperature, It is stable in acid

solution, but hydrolyzes sl aline solutions above pH 10.

in capsule and direct

compression table ¢ . O wetting and dissolution. It is

used as a fecal sofgeni i anagement of constipation. It is

I om
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Figure 7 Structural Formula of Dioctyl Sodium Sulfosuccinate.
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Sodium Lauryl Sulfate

Sodium lauryl sulfate is a mixture of sodium alkyl sulfates,
consisting mainly of sodium dodecyl sulfate, C,,H,50.S0,.ONa. It is a

white or pale yellow powder or crystals with a slight characteristic, soapy,

bitter taste and a faint od ” soluble in alcohol, practically

insoluble in chlorofor oleum. Its 1 in 10 water

solution gives an opales ynolds, 1989].

It is an a detergent and wetting

agent, effective in s and in hard water. It is

Gram-negative organism8. J is ) ble’ with some alkaloidal salts,
cationic materials and aci d._be !"{' It precipitates with lead and

potassium salts [Attwood and Florences; 1983, Boy lah et al.1986].
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Figure 8 Structural Formula of Sodium Lauryl Sulfate.
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Tween 80

Tween 80, polyoxyethylene 20 sorbitan monooleate, is a mixture
of partial oleic ester of sorbitol and its mono- and di-anhydrides with
approximately 20 moles of ethylene oxide for each mole of sorbitol and
its anhydrides. It is a hy # ic surfactant which is used as
emulsifying agents for the &y le oil-in-water emulsions in

es and other products. It is

pharmaceutical produc

also used as emulsi as been used to promote

increased absorpti tions [Reynolds, 1989].

brownish-yellow oily liquid

with a faint characteristi At cible with water, alcohol, ethyl
| n liquid paraffin and fixed
oils. It may increase the abgo oluble substances. It is stable
to electrolytes well as to ".-.'.1.::_'. ......... ;.i'ﬁ;,i e8. Precipitation and/or

discoloration occu T W « es, especially with phenols,

tannins, tars or tar- I}e compounds. It is well tolerated, practically non-

e FHEIREN THEINT
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CH(OC;H,),0H

— T~
H(XoclHl)v (OCI Ha),OH

Figure 9 Structural Formula of Tween Series.
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Diffus; Cell

The aim of in vitro experimentation in transdermal delivery is to
understand and/or predict the delivery and penetration of a molecule from

the skin surface into the body via the skin of a living animal. The ultimate

, mental design that will predict,
““; the human body in vivo.

F ..-J

.r Mto control. The diffusion

goal is to produce, in vi
exactly, the penetrati
Theoretically, the i |
cells may be design

improvement [Bro

- compartment, as with , 1s_e8sential in order to avoid = -

changes in amblnt condmons Typlcally, fusion experiments are

conducted ﬂ ﬂmwﬁ ﬂ w ﬂ ﬂ]!ﬂd? temperatures. The

whole of th@l receptor compartment should be controlled utilizing of a

“°“Q‘Wg“]ﬂ“@’ﬁ‘§‘m‘?mﬁ}’%ﬂi‘iﬁ &9

The recommendations of diffusion cell design are as follow
"[Gummer et al. 1987];

1. All materials should be assessed for their ability to absorb or
adsorb the test penetrant.

2. Donor compartment.

2.1 Easy access to deliver the penetrant to the skin.



2.2 Stirred where possible.
2.3 Control of evaporation for volatile vehicles and
penetrants.

3. Membrane.

3.1 Study of penetration kinetics on human skin should be

used.

3.2 For veh deviceé e studies other barriers may
be used.
3.3 The= arbplel should comtain both stratum corneum
and viable epidernﬁ |

3.4 A @o tion kinetics should be

used prior to the test Molecdle to. As3¢5s bartier, unction.
i #ld-l
3.5 Whege applicable) b iable of the epidermis

. ,r""'; gt
(b o 4

4. Receptor compartmen

E2i 00

must be assessed.

4.1 Either flow-through or static. . /.
4.2 'fo., :
II T

Sufficient volume to maintain

ﬂjéﬁiﬁﬁﬂ“ﬁwmﬂﬁ%w
AN IR .

penetrant.

i¥

finite sink condmons

5.3 Capable of maintaining epidermal viability where
necessary.

5.4 Must be contained once collected.
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Usually, the system of diffusion study consists of the following
compositions;

1. Skin or membrane as a barrier of the drug diffusion,

2. Diffusion cell with two compartments; donor and receptor

3. Water circulating system for controlling the temperature of

ring homogeneity of drug

iydrodynamics, the mixing

efficiency, and the controlled temperature which were required in the

qumtitatiqeﬁlﬁlﬁmﬁ ﬁﬂﬁﬂﬂ ‘j
‘;] ‘W wﬁqﬂ‘ﬂ W w{ﬁ ﬂ .mﬂ‘:ﬂKcshary-Chien

diffdsion cell [Keshary and Chien, 1984]. It was indicated as the fulfill
diffusion cell commonly used until now. It could achieve and maintain
the temperature on the membrane and in the receptor solution. Solution
mixing efficiency was substantially improved, so the drug distribution and
concentration could be homogenized within a duration four times shorter

than that in the Franz diffusion cell. A 3-fold reduction in the thickness of
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the hydrodynamic boundary layer reduced the mass transfer rate profile on

the skin permeation.

In this study, Keshary-Chien diffusion cell was modified and

selected to be used. Modification was done to solve the problems. First,

the volume of sample nee ; M drug analysis was much greater

than the volume drawn. . ﬁ n cell. The Keshary-Chien

. nly css%l. per sampling while the
ThHan

the diameter and the height of

diffusion cell could pro
volume needed sho
the receptor com e former Keshary-Chien
diffusion cell.

Secondly, sampling port, the way to
pipette the sample was ir bubbles often entered into
the receptor compartment.  duri The sampling port was
modified to be ;- night at the end of the recepte _)‘ mpartmcnt The other
external feature' ! cell were still retained.
This modified dlffuswn cell in this study was shown in Figure 10.

ﬂumwﬂmwmm

yhithetic membrane model have been proposed to be used in
BT W 3 HAGE pvoee
membfane is the synthetic membrane consisted of polyvmylldene
difluoride [Millipore, 1987]. It is low protein binding and compatible with
many chemicals with the exception of concentrated ketones, amines, and
esters. Usually, its utility is a membrane filter for HPLC sample,
antibiotic, virus, sterilizing filtration for insulin, DNA solution, etc. In
this study, Durapore is selected to be used as a support for gel matrix in

in vitro release study. The reasons are, it is designed to provide the
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Figure 10 “Schematic Illustratlon of the Modxfied lefusmn Cell

’Q‘WW&NﬂiﬂJ UAIAINYA Y



24

maximum purity and strength, and compatible with most of the organic
reagent. It contains the uniform pore size of 0.45 micron. It is not soluble
in dissolution medium used in this study. The other benefit of Durapore is

that it can be fitted to the diffusion cell with 4 cm diameter.

the release profile of drug from

t
ﬂility of drug in the receptor

edivmnediffusion cell must essentially

It is important to.
the preparation is not

medium. Therefore,

co- solvent can bé ' { -\.’ of the drug. The

intravenous prepamhon of nifedipine was re rted that it could be

o~ mwmmm;;: sz
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However, neither of them could not dissolve 50 mg of
nifedipine completely. From the preliminary trials, it was found that-the
cosolvent of polyethylene glycol 400 and ethanol in the ratio of 1:1 could
dissolved 50 mg of nifedipine in the volume of 4.5 ml. Therefore, this co-

solvent was used in this study as a medium in diffusion cell.
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