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As the present imvestigation is concerned mainly

with topical preparatiens, it appears appropriste o ge
through the historical developasnts of eintments and cresms.

Bistegy ¢

Ansient and universal as scsmetie arts and prestices
are Rnowa to be, the scisntific develepmeant of cosmetic
products and trestsents feor the hygienis care and enbelli-
shaent of the humen bedy was net initiated uantil late ia
the ninesteenth contuzy! and the grewth of the great isdustxy
that cemprises them all has besn entizrely is the tweatisth
century. The formulations and its epplicetion to the skia
for cosmetic and medical purpeses is as 0l4 as the history
of medicine itself, Varieus fats from saimal kingdom were
used as vehicles for the dermatological preparstions ia the
early Babylentan-Assyriaa’ Era about 3000-3000 8.C. The
exsnination of remains of sush preparstions found im the
exsavated toabs of Ngyptian Kings suppert the view that the
fats derived from almost every possidle sourve and mixtures
of these with thergpeutically asctive and inert materials
mwucm:.aﬂ,«aiuuz In sesond cemtury
AD. 150 Clawtius Galencs’, o Greek physiciss gave a fermuls
for an ocintment hase containing animal and vegetable fats
and oils namely elive oil, xeoss 0il and Dees wax. Galea
conceived the idea of incerporasting water into a molten



mixture of bees wax and olive oil. In the resulting
product, the emollient effect of the o0il was accelerated,
and a pleasant cooling eftect was obtained from the
svaporation of the water. The process of manufacture was
slow and laborious. The product was unstable and subject
to rancidity. This original formula with certain modifications,
has been incorporated in most of the text books all over the
world as cold cream, Honey, wax, gums and resins were also
employed. A greaseless ointment was included among the
formulae of Papyrus Eb‘t!.l this consisted of Hartshorn
blended with incense and floor and mixed with sweet ale,

Until the end of 18th century there was little change
in the preparation or evaluation of cintments but then the
sci;ntitic study began to reveal nmew substances, and this
stimulated the development of new ideas., In the beginning,
the ingredients offered by the nature were purified and
used or partly replaced by synthesis. It was in 1858 that
a radical change took place in ointment technology when
apothecary Schacht found that glycerin and starch if heated
in certain proportions at a particular temperature formed a
translucent jelly which he named a Plasma. This plasma was
recommended as an ointment and was included in continental
pharmacopoeias as Unguentum Glycerini and in English
Pharmacopoeia and U.S.P. as Glycerinum Amyli and Glyceritum
Amyli respectively. Lard was introduced as the chief



constituent in the first official ointment of U.S.P.

The addition of wax or spermaceti was permitted to give

it better consistancy. Later, Lard because of its instability
has largely been replaced by henzoinated lard, a product
possessing a pleasant odour, Paraffins were used by Miller

in 1873 and Lanolin in 1883, Since then stearic acid, wool
fat and wool alcohols were in use either singly or in

combinations as vehicles for topical toknulatxous.

In 1907, Unna,a great Pharmacist of his days introduced
a base consisting of 20% water. Numerous combinations of
hydrogenated, sulphated, sulphonated oils as well as stearic
acid, sodium stearate and glycerin had appeared after 1920.
Before 1948, with the exception of hydrous ointments, official
ointments were made with the fatty materials such as soft
paraffins, anhydrous wool fat or bees wax or combinations of
these substances. It was hardly appreciated that the
therapeutic usefulness of an ointment depends as much on the
xind of the base used as on the active medicament. A brief
history of modern developments of ointment bases was reviewed
by zopf ¢ .

In the past few decades considerable attention has
been given to the development and application of hydrophilic
ointments usually called as water-washable bases. Bases of
this type are often desired as they are nongreasy, pleasant

in appearance, non staining and easily washable with water,



For many years ointments were limited by definition
and through use to admixtures of fatty substances. But the
present concept of this type of preparation is much broader.
Today ointments and creams, in addition to such oleaginous
admixtures, include preparations of greater efficiency
possessing more or less the same general consistancy but
different formula and appearance. They may be entirely free
from oleaginous substances. I1n many instances, they are
emulsions of fatty or wax like materials with comparatively
high proportion of water. These emulsions may be of the
either type. water soluble substances are also widely used
for the preparation of ointment bases,

There are many contradictory definitions among the
ointments.

According to I.P. ointments are semisolid preparations
consisting of medicament or a mixture of medicaments dissolved

or dispersed in a suitable base.

According to UEP XX the term ointment is understood
to mean only a non-aquecus spreadable preparation and
according to USP XXI creams refer to a viscous liquid or
semisoclid emulsions of either the cil-in-water or water-in-oil
type. Whereas in German Pharmacopoeia the term ointment is
used for all spreadable preparations inéludinq creams and

agueous gels.
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Much confusion over the usage of a cream and an
cintment should be overcome, if a cream is defined as

on o/w émulsion and an ointment the oppositcs.

Belationships between Vehicle and Drug

The importance of the vehicle for the absorxption
process has been neglected till recently. One of the
few requirements demanded of the vehicle has been that
it acts as an inert medium and incorporates the drug in
the most homogenecus distribution possible. An ointment
base forms a major proportion of an ointment and hence
influences the action of medicament which constitutes
only a very minor proportion. Recent studies attach more
importance to the chemical and physical relationship bet-
ween the base and medicament incorporated in it than to
the penetration properties of the base itself. This idea
was initiated by Ssuerland® in 1912, when he suggested
that the influence of the ointment base varies according
to the substances which constitute the bases. It was
also suggested that the Oily bases delay the absorption
of fat-soluble substances such as phenols, mustard oil
and others. 8ince bases constitute more than 90 to 99%
in the final make up ©of an ointment, it is natural
that their physico-chemical properties have tremendous
influence on the rate of diffusion, penetration and
absorption of the drug and hence they should be given



full consideration in their selection for various drugs.

There is no single base which possesses all the
srequired characteristics of an ideal base even today, it is
often remarked that the pursuit of an ideal ointment base
is a pharmaceutical dxeam and is likely to remain so without
becoming a reality. In this connsction the observation made
by Wales and Reddish’ in 1929 thet no single base is wholly
satisfactory as a vehicle for all antiseptics holds true

even after four decades,

These days the term ointment has been used widely and
covers up various types of applications used externally. Its
mseaning is also with respect to the ective therapeutic agents
incorporated as vell as the types of bgses used in their
preparstion, However for centuries the terms ointment implied
emperical appliceation by innuction of medicamsnts contained
in fatty bases and vas concerned either with primery treatment
of superficiel skin discrdexrs or with the attespt to obtain
systemic absorption by penetration as high tissue concentration
of the drug at the site of infection for a shorter pericd of
time with less amount of drug is definitely advantageous
compared with systemic mode of administration of some drugs.
This has given a challenge to research pharmacists who have
to svolve, modify, alter and suggest such bases which meet

the nqulrohnnt of maximum absorption, minimum or no



irritation, non greasiness, water-washability, compatibility,
low or nil microbial contamination and good stability.

Channinga has stressed that the ultimate aim of efficient
ointment therapy will only be gained by intelligent choice of
the therapeutic end: There has been considerable efforts
made by pharmaceutical and medical professions to set up
specifications for bases for topical application. These
liastings cover requirements ranging from chemical inertness
t0o the cosmeti¢ niceties, However, one must not loose sight,
on the maln objective, that the primary and indispensable
quality of a vehicle or carrier is that, it asllows adequate
release, desired penetration and ultimately required
absorption of the drug. The lack of these gqualities nullifies

whatever other values the base may possess.

The comnonly usad tarms relesse, penetration and
absorption need a clear-cut definition in the first instance
because very cften they have been used without making any
distinction. ‘'Reslease' refers to the availability of a
medicament from a base at the surface. ‘Penetration'’ means
the entry of the drug inside the skin, whereas ‘absorption’
weans dxug concentration in the blood and is ready for the
systemic distribution, The term penetration and absorption
apply to both base and medicament or individually for each.
If the releazse of drug is more the psnetration and ultimately



absorption may be more.

Effective topical medication requires an uninterrupted
releases Of the medicament and for this purpose a knowledge
of the factors responsible for such release is required.
Each drug has peculiar properties of its own and they
become more proncounced when more than one drug is present
in a formulation. Also the components 0f the base may
offer similar considerations to be taken into account,

Thus the problem becomes more complex than it appears at
the first thought. BEven today, many formulations are based
on empirical experience. They are composed of a broad
range of compounds with such different chemical structures
as antioxidants, buffer systems, gmollients, emulsifiers,
matrix-builders, moisturisers, preservatives, solvents,
thickners and other additives whose precise function is
difficult to determine. The result has been a scarcely
comprehensible. Profusion of interactions within the
vehicle and at the same time, a physico-chemical environment
for the drug with an almost immeasurable distribution in
the various phases on the vehicle. However, the drugs
distribution in the vehicle is of supreme importance for
its release. This inevitably leads to a requirement for
combination products on the least possible complexity,
since the desired release of active ingredient can only

be attained via the determination of the inner structure



on the vehicle. The selection of the base to use in the
formulation of the creams depends upon the careful assessment

of a number of factors.

(a) The desired release rate of particular drug
substance from the base.
(b) The desirsbility for enhancement by the hase
on the percutanecus absorption of the arug.
(¢) The advisability of occlusion of moisture
from the skin by tha base.
(d) Minimum or no irritation due to base on the skin,
(e) Absence of sensitization,
(£) The short term and long term stability and
compatibility of the drug in the base.
(g) Cheap and made from freely available ingredients.
(h) Low or no microbial contamination.
(1) Extrusion from the tube and spreadability.
(1) Shine and cosmetic appeal.

although the topicel venicles themselves may not
penctrate the skin to any extent nor actually carry the
medicament through the epldermal barrier, it is known that
the therapeutic effectivenzss of the drug may vsry when it
is incorporated in different vehicles., The choice of a
right vehicle for a particular medicament depends on
physical and chemical properties of the medicament alone
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in the vehicle as well as on the nature and condition

of the skin being treated.

A good deal of information has been collected
during the last few decades while much more is still
needed in order to treat effectively the variocus skin
disorders encountered. The potential exists for
developing vehicles that will enable the drug to reach
the site of action rapidly and maintain a sufficient
concentration at the site for the required length of
time, The proper formulation of dermatological
preparations depends on a thorough understanding of

percutanecus absorption.

uteg of Percutane Absorption

wWhen the therapeutic target lies beneath the
stratum corneum, topical therapy becomes quite
complicated. Regardless of whether the involved
tissue is to be the viable epidermis and upper
dermis or whether a systemic response is sought,
delivery of the drug to the site of action in
sufficient amounts is often a constraining problem,
There are many potential topically useful drugs
which do not find their place in topical therapy due
£0 an inability to adequately penetrate the skin. The
phenomenon of diffusive penetration of the skin by drugs

and chemicals is known as percutaneous absorption. There
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are a nusber of pathophysioclegical states which can be
treated by concentrating drugs in the surface tissues
by percutanecus absorption. Most dermatoses result in
inflaxmed surface tissuss, and teopical steroidal and
nensteroidal anti-inflammatory drugs are effective in
controlling this symptom.

The process of percutansous absorption can be
described as follows. When a drug system is applied
tepically, the drug diffuses passively eut of its carrier
or vehicle and into the surface tissues of the skin,
specifically and most importantly the stratum cerneum and
the ssbum-filled pilosebacecus gland ducts. A net mass
movement continues through the full thickness of the stratum
corneum and ducts and into the viable epidermal and dermal
strata., A concentration gradient is thus established acress
the skin that ssssntially terminates at the outer reaches
of the skin's micreocirculation in the dermal layer. The
systemic circulation acts as a resexveir or "sink" for the
drug, and a near - gere concentration eof the drug is
maintained at the plane where the drug reaches the
capilleries and is diluted into the general system.

Once the drug cemes in the general circulation it
is diluted and distributed very rapidly and, given reasenable
rates of systemic metabolism and elimination, there is



generslly a0 appreciasile systemic bulldup. Thus
relatively high local epidersal concentrations of some
drugs may Do cbhtained by reascn of the fact that the
epidermis is without a dizect blood supply and the
concentration gradient from the cutar surface to the
micro=circulation cuts directly through the epidersal
stratum. However, if sasssive areas of the body are
covered with the topical therapsutic system ( > 10% of
the total body surface may bDe used a8 a crude zule of
thusb), then the samounts secwsulating systemically can
be significant, For instance, corticostercids have
produced serious systasie toxicities on occesion when
they have been applied over letge fractional srees of the
body. Also, if the skin is damaged v that the stratum
corosun is not functicnally intact, many chemicals can
gain systenic satrance at & considegably faster rete and
the potential asgain exists for systemic involvements,
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A flow diagram of the steps or events requisite
te psrcutaneocus absorption fellowing application of a
érug in & thin vehicle £4ilm is shown in Pig. 2.

The important kinetic processes of dissclution and
diffusion within the vehicle layer have been added to
processes already described to complete the drug delivery
picture. Each step in the diagram is potentially rate
limiting, depending cn the drug and how it interscts with

the vehicle and the nkin’.

sSome concept of the complexity of percutanecus
absorption may be gained by considering Fig. 2. This
diagram represents a simple idealisation of the drug
flux which may arise clinically following the common
treatment in which we apply a drug to the skin as a solid
suspension in a topical vehicle only permeation into the
body is considerxed, and not back-diffusion.

The medicament may undexge any or all of the
fouwinf events. The drug particles must first dissolve
so that molecules may diffuse within the vehicle to reach
the vehicle~stratum corneum interface. Interfacial
effects are not usually considered important, but for the
drug to move through the skin it must partition into the
stratum corneum and diffuse within this very impermeable
barrier. Some drug may bind at a so~called depot site;
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the remainder diffuses in the horny layer, meets a

sacond interfacial barrier, and partitions into the

visble spidermis. Whereas the initial partition process
may have favoured and increased flux (for example, when

a lipophilic drug is released to the skin from an aquecus
vehicle:/), the second partitioning will be unfavourable

as the viable epidermis provides a more hydrophilic

Milieu compared with the stratum corneum. Any substance
with a high affinity for the horny layer and a very low
water solubility may not be absorbed percutanecusly even
though it may have penetrated the barrier layer, particularly
when it is spplied in low concentrations. The thermodynamic
activity of the diffusant in the viable epidermis
immediately below the barrier may aspproach that in the
vehicle and in the top layer of the stratum corneum. The
rate determining step will not now be the penetration of
the barrier but rather the clearance rate from the barrier,
Metabolism may alter diffusion in the epidermis. The
epidermis~-to-dermis partition coefficient may uauilly

be assumed to be close to 1 and may be neglected, as both
tissues contain much water. Within the dermis, additional
depot regions and metabolic sites may intervene in the
progress of the drug to a blood capiliary, &ks partitioning
into the capillary wall, thence out into the blood, and

its subsegquent removal by the systemic circulation.



Very little is known about equilibratéon in the
subepidermal environment and the pharmacokinetiec factors
which eperate there., A fraction of the diffusant may
partition into the subcutanscus fat to form a tuxﬁhe:

depot.

Although the aforementioned sequence is alrsady too
complex for a full theoretical analysis togothir with a
practical investigation, the situstion is further
complicated. Such factors may be important as the
nonhomogeneity of the various tissues; the pressnce of
hair folicles, sweat glands, interstitial fluid, and
lymphatics; and the division of cells in the basal iay-r.
their transport through the stratum corneum, and their
surface loss. In addition, drugs permsate the skin under
dynamic conditions. Thus, the drug, the components of
the vehicle, and the disease may progressively modify the
skin barrier, as may the healing process. As components
of the wvehicle may diffuse into the skin, so physiolegical
materials, including sweat, sebum, and cellular debris,
may pass into the formulated product and change its
physicochemical characteristics. Emulsions may invert or
crack when rubbed into the skin, and volatile solvents

may evaporats into the ltﬂﬂlph.t‘lo. Rathnanll

defines
that percutanecus absorption is penetration of substances

from outside the skin to the inside and them to the blood

15



stream. Blankiz

suggests that it is of great importance
to know how molecules move into the skin from a unit area
of a cutanecus surface in unit time and where these

molecules go after leaving the skin surface.

Despite the voluminous literature available on this
tépic the basie mechanism which is largely responsible
for absorption is not fully understood. One group of
investigators is of the opinion that major route of
entry for drugs is directly through the intact epidermis
(txansepidermal routs) while the other group believes
that the absorption is mainly through appendages either
the pilosebacecus apparatus or spiral sweat glands.
There is evidence that all these avenues take part in
transfer of substances through the skin.

1.3.a. ZIzansepiderma] ¢bsorption !

mag111d3

epidermis is much more likely to be the main avenue of

states that the pathwvay through the

penetration for substances than are the subaceous glands
or sweat glands, simply because the epidermis presents a
surface area 100 to 1000 times greater than the other
two., Various anatomical sones of the skinr behave
differently with regards to transepidermal lblﬂtptidﬂ“.
The £4lm on the surface of skin is composed of sebum,

sweat and horny layer and has a complex chemical
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composition. This surface film is discontinuocus

and offers relatively little resistance to a penstrating
molecule. The horny layer which is 30 to 40 .m in
thickness is composed largely of keratin and sulphydril
containing proteins which absorb a large amount of

water and other polar compounds. It also contains
surface lipids which may spread along the channel walls
and absorb lipid soluble material. In other words the
horny layer may act as a sponge becoming a reservoir for
the penetrating agent and maintaining a maximum
concentration gradient just above the barrier thus
possibly hindering penetration. Blank and Gonldls
using an autoradio-technique have shown that ionie
surfactants are bound by horny layer and oftem do not
penetrate beyond the orifice of the hair follicle.

The barrier sone was demonstrated by n-inx‘ who reported
that it was located between horny layer and granular
layer underlying it and that it was an electronegatively
charged barrier which repelled anions and attracted
cations and held them for further penetration. Rathuan"
reported that the barrier layer checked the transfer
across the skin. Blank‘a showed graphically that a
barrier of water transfer in skin, is a layer, a few
microns thick at the base of the stratum corneum, He

used the plastic tape stripping method of ﬁolf19 and



Pincuuzo

found that the diffusion of water through the skin

to remove the horny. layer gradually. He

remained low until the base of the horny layer had
been stripped away, theresfter the permeability to
water raise sharply.

In 1951, 8aaka1131 reported that aftexr the horny

layer had been stripped off ulth taps the eatire barrier
could be removed on the tape in a single stripping
subsequently be rsmcved the barrier laysr by dipping

the tape in petrcleum ether. The barrier layer is 10
thick and presents the zenetration of molecules having

moleculaxr weight greater than 300-30022

¢« Yot the
diameter 0f the pores in intracellular spaces in the
barrisr is greater than the largest penetrating molecules,
Thus the restraining force must be molecular interaction
between penetrant and pore contents. If the substance
has high slectrostatic charge eg. ions, the interaction
is 80 great that no penetraticn occurs. If the
substance has water/lipid partition coefficient of about
i s 10, it has the highest permeability, the barrier
must be then having polar and non polar groups in the
pore contents. Blank et al i have confirmed that
penetration occurad through transepidermal route, A
similar observation was made by Scott and Kulzz‘ for

hydrocortiscne.



It appears that the ratio of the solubllities
in water and in lipids as originally ;ﬂ-ecated by
"Meyer and Overtone is actually important for the
absorption of substances through the skin. Rothnan17
has shown that lipid scluble substances penetrate the
skin more readily than polar substances; those soluble
in both lipid and water penetrate most rapidly of all.
Trehern?? exclusively has reported that the permeability
of the skin is directly proporticnal to ether/water

partition coefficient of these drugs.

Hair follicles and sweat gland ducts open on the
surface of the skin in the form of visible pores which
are beslieved to be avenues for the passage of medicaments
through the skin. It has been stated that the hair
follicles are the major avenues for percutaneocus

absorption.,

1.3.0 (i) [Eilesebsceous spparagus ¢

There are many workers whose studies have shown
the prominant role of the pilossbacecus apparatus in
percutaneous absorption. This concept takes into
consideration the solubility of the drug in sebum. In
the upper portion of the follicular canal the hair shaft



does not adhere to the follicular walls and therefors

a space is formed which is with horny scals and hair,
The interspace is contimucus with the duct of the
sebacecus glands. The ssbum from this duct sventually
empties into the uumm“. Therefore, any medicement
possessing solublility in sebum may penstrate this space
and reach inside of tha sebacecus glands whose mexbrane
is more permesble than epidermal barrier. Similarly

the wall of follicular sheath is less resistant to
penetration than surface epidermis. From the sebacecus
glands and hair follicles, medicament may penetrate
downwaxrd into the cornsum and from there iste the blood
thus bypassing the barrisr. Medicaments may also move
upwards from the sebacecus glands into the epidermis
but without penetrating the barrier layer. This pathway

of absorption was demonstrated by mku“ and others.

1.3.0 (2) Swest ductp

There nmhcatmonyuumrmmn
ducts serve as an avenus for parcutansous nbnrpgxm.
re1n’® reported that he observed the staining of the
pores ©of sweat duct like those of follicles, whan he
introduced dyes into the human skin by slestrophoresis.
Ichinashi?? postulated that this pore pattern indicated

sbeosrption of the dye through the sweat duct., Abrm”

20



confirmed the above result and found the develepment
of the sweat pore pattern dependent on electrical .
charges of the skin. However, many authors are septical

of ﬁ\ila’ .

1.4

There are many fastors which influence the rate of
percutanscus absorption.

1.4.a Skin condition

It has been realised for many years that the herny
layer (stratum corneum) is the main barrier against
penetration and permsatiaon of substances of various
origin, including drugs such as those in dermatological

and cosmetic use,

The definition of intact and damaged skin in regard
to the problems of absoxption is therefore inextricably
linked with the structure and condition of the hormy
layer and these are closely dependent not only on
sxogenous factors such as sweat and sebum ptod\wubn
and the microcirculation of the skin itself. If the
barrier is destroyed by trauma as in cuts, chapping,
reptured blisters of ecsema, all substances pass freelly
into the am-’“.

21
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Baker ot al.’! had demonstrated that the
disintegration of the horny layer caused by Dimethyl
Sulfoxide or Salicylic Acid is due te reduced alhesion
among the horny cells, wvhereas that seen after high
concentrations of urea is dues to the splitting of
keratin caused by the incorporation of urea of hyatog.a
receptors.

A somevhat surprising result was obtained by
Sinha ot “.”. They applied diflerasone discetate
cream tO rats at depilated sites and at depilated sites
which had been sbrated to produce hyperemia. No marked
differences in the excretion of the topical steroid were
observed between rats with unabraded and with abraded
skin. In the monkey, a significant result was the
prolonged retention of the steroid or its metadolites
in the superficial cell layers of the epidermis of
animals wtth abraded skin. The investigators concluded
that sueh retention is related to the skim damage.

Blank gt g?’ had demonstratad that there was a
utrn:inj inerease in penetration of sarrin following a
superficial scratch extsnding just barely through the
barrier. 8imilar data were obtained from trauma by
adhesive tape stripping and puncturing wound,



(34,235) . observed upto 90% penetration

Seme workers
of applied dose of radiocactive hydrocortisone through
stripped skin, while the intact spidermis absorbs only

2% or less.

The Ap vitre percutanecus absorption of topically
applied hydrocortisone increases in the experimental
epidermal hyperproliferation of mice deficient is essential
fatty aeida“. A similar increase occurs in sbnormal
hairleas mouse epidermis produced by UV light irrediation,
topical Vitamin A acid, or topical 10% acetic acid in
mtonc”. They cencluded that a combination of abnormal

cell membrane phospholipids and sbnormal stratum cerneum
increase skin permeability.

The evidencs for psrmeability increases which may
arise fyom UV, infra-red (IR), and ionizing radiatien,
a8 well as mild thermal burns; was reviewed by Malkinson
although some of the claims are uaconfirmed.

is
.

Many sclvents markedly alter the permesbility of the
skin barrier, often opening up the complex, dense structure

of stratum Ccorneus. (39,42)

shelmire!? pointed out that ether vehicles of
topical preducts assume more importance when the stratum
corneum was intact and differences in drug penetration
attributable to the vehicle ware more pronounced on



abraded or deseased skin, there might be a large increase
in both the rate and the extent of absorption of drug from

vehicle.

Blank and Scheuplein®$ pointed out that a mixture
of a nom~polar and a polar solvent such as chloroform
and methancl remeves the lipid fraction of the stratum
corneum, forming artificial shunts in the membrane through

which melecules pass more easily.

A useful physical technique for assessing water
permesbility determines the slectrical impedance of the
skin, Some aliphatic asids, bases, the neutral compounds,
inclwding dimethylsulfoxide, dimethylformamide, markedly
change the impedance of excised human skim. The
corresponding increases in vater permeability arise from
a combination of mechanisms, including the relaxation ef
binding forces betwesn skin elements, ths dissolution of
components, and the hydration and subsequent swelling of

the skin to form additional channels for pomaucu“.

Halkin:on“

testosterone and pyribensamine was more in psoriatiec
plaques than at normal skin sites and drug concentrations
in digsessed skins can be higher than in normal skin sites
sdjacent t0 the lesion.

observed that the penstration of
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It hag been shown experimentally that the
percutansous absorption of a drug comimg in contact with
the skin was significantly reduced in old aqa". This
might be due in part to the atropic changes on the
pilosebaceous apparatus through which such substances

have been absorbed,

It is a clinical fact that sensitisation resction
to contactants are less commonly encountered in patients.
c:-.r" do:cribid that the presence of cholesterol in
skin fats had the effect of permitting the surface of the
skin to be readily moistened with water and taking water

more easily.
Skin gge ¢

The relation between a patient'’s age and the
permeadbility of his or her skin to drugs has rarely been
investigated. Fetal and infant skin appesrs more permeable
than adult akia". Percutanecus sbsorption of topical
steroids occurs more rapidly in normal or inflammed site
on infants than comparable areas in adults, as judged
by reports of cushingoid side effects consequent to
topical steroid trcatmnnt.(“'so) The significant
dermal atropic and gross epidermal changes in the elderly

(52-53)

delay absorption influence. It is usually assumed

that the skins of the fetus, the young, and the elderly



are more permeable than adult tum,‘.’o' 53)

Rumum“. in a balanced treatment, | reviewed

percutanecus absorption in childyen, particularly for
allergens and irritants, boric acid and berates, phenol,
salicylic aeid, mercury, hexachlerephene, lindane (gamma
bensene hexachleoride), and tepical stegeids.

l1.4.c Regional Skip Siteg ¢

There are relatively few studies done on the
variations in abserption from one side to another. In
different normal individuals, there ars wider variations
in the absorxptioa rats of a givemn sudbstance through the
same skin site>>. One may predict that variatiens ia
cutanecus permeability will depend on the thickness of
the stratum corneum, its nature, and to s degree over~

emphasiged in soms publications - the density of skin

sppendages. Many reports conflict, with varisble epidermal

cell counts and histochemistry 367%® | ecimation of
horny layer thickmess provides values of 8,9, 9.4, 10,9
and 12.9 um for shdoman, back, thigh and flexor forearm,
respectively. On an average, 19 cells each 0,55 um

The inferior barrier nature of palmar and plantar
callus is also indicated in the way in which weakly
basig sclukions, and even water, will eventually dissolve

thick give stratum corneum an overall thickness of 10.4 .nufg
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1250 and parathion will penetrate u". Thesse

observations bring into question much of the earlier
work on skis permeability which attempted to make
gensral obsexvations frm axperiments performed on horny
peds. Regional variations in water permsability are net
nearly as large as they would be if the stratum corneum
were equal in thicknass over all the body. As the
thickness of the horny layer increases, so diffusivity
increases 30 as to provide the skin with a relatively
uniform steady state permeability.

Turning to materials other than water, Smith gf ﬂ?‘
tmi that compunds such as salicyliec aeid, hydrogea
sulfide gas, and Lidocaine base penetrate the scrotum
more readily than the akdomen scrotal and postauricular
skin are the most permeable to tributyl phuphnu‘a .
Yeldmann and W‘3 using radiocactive hydmmhoae
and amalysing its urine exeretion, showed that the
scrotum absorbs the greatsst total amount, with
absorption decreasing in the following oxder 1 forehead,
scalp, back, forearms, palms and plantar surface of the
foot arch. Kormal valvar skin {labia majors ) sbsorbs
hydrocortiscns to a greater sxtent than dees forearm

Ikil“.

Among the most interesting bicpharmaceutical
spplications of such studies is the selection of a



suitable regional site to use as a wvindow for systemic
therspy. Because of its relatively high permeability
and its ease of access, the Transiderm, Transderm, or
Transdermal Therapsutic Systems (TTS) employ the
postauricular skin as the site of application to insert

drugs percutanecusly intce the blood stxuu”.

Horhota and ruu“ investigated the percutanecus
absorption of nitroglycerin through the shaved abdomen
and back of the rat by measuring plasma concentrations
after topical administration. Abdeminal abserption was
significant, whersas adhesive tape had to be used te
strip the dorsal site bafore plasms concentration of
nitreglycerin eould be detscted. Site dependance for

absorption of nitroglycerin has been reported in mnnn.‘ Y

but not in the rhesus mkoy“.

l.4.d Species diffeyences @

Human and animals display wide differences in
physical characteristics. These physical and structural
differences obviously affect the penetration pathways

and penetration resigtancs of nkin”.

Freguently, laborstory animals such as nﬁ*‘ + mice
and rabbits are used tc assess percutanecus absorptiom,
but their skins have more hair follicles than human
skip and they lack sweat glands. %o apply experimental



Samples to such animals, often the hair must £irst be
clipped and the skin shaved. It is often assumed that
such shaving damages the stratum corneum and artificially
increases penetration. Thus, when vasoconstrictors are
applied to the shaved human forearm, the sites immediately
blanche; a time delay intervenes for the unshaved limh,
However, testosterone penetration through the shaved and
unshaved forearm of the rhesus monkey shows no significant

difference’°.

Some workers corrslated a number of publications
in an attempt tO obtain a perspective as to how percutanecus
absorption in several animal models compares with
penetration in hunnn:(‘a'71).

Wester and naihachve compared percutansous absorption

in the rhesus monkey and in man. In both the species,

the order of increasing absorption is hydrocortisone,
testosterone, and benzoic acid. Aamong different species

like rat, rabbit, miniature swine, man and rhesus monkey,
absorption of testostercne in the rhesus monkey is clossest

to that in man. Por the guinea pig, absorption of hydrocortiso=-
ne and benzoic acid is similar to man, but testosterons is

absorbed t0 a greater nxtont’z.

The percutaneous absorptiom and disposition of a

new topical corticosteroid, diflorasone diacetate, were
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studied in the rat, cynomogus monkey, and man after a
single cutaneous application of a 0.05% steroid cream
and showed wide variation of percutaneous absorption in

above npocin”.

Benzoic acid, progesterone, and testosterone
pshetrate less readily into the skin of the maxican

hairless dog than into human ukia”.

In soms investigations, mouse ‘skin proved to be
the most permeable, much more s© than human skin.
However, 8tenghton” reported that, in vitro, human
and hairless mouss skin behaved similarly toward: some

steroids,

Stolar st ,ﬁ"’ used rabbits to study the absorption
of sodium salicylate from hydrophilic ointment,

Chowhan and Pritchard'® concluded that rabbit and

rat skin are not comparable with human skin. They also
emphasized that the rat is not a good in vive model for

m” .

Desgroseilliers st ﬁ?. studied the topical
steroid absorption in pigs.

Sweeney st “?9 studied the affect of dimethylsulfoxide
on water passage in hairless mice,
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The black skin is harder and more resistant to
toxic chemicals, partly because it has greater density
and more cell layers than caucasian nkin.o. Fair-skinned
people of celtic ancestry (Irish, Welsh, or Scottish)
sunburn easily, and their skins are hyperirritable to
a variety of toxic chemicals such as Croton oil,
kerosens, alkalies and sodium lauryl sulphate, compared

with dark complexioned Caucasoids from the Mediterranean

:tqionax.

Circulatory affect s

Theoretically, changes in the peripheral circulation,
or blood flow through the dermis, could effect
percutanecus absorption. Thus, an increased blood flow
could reduce the time for which a penetrant remains in
the dermis and also raise the concentration gradient
across the skim. For example, the penetration of
tributyl phosphate in perfused dog skin preparations

depends to some extent on the perfusate flow rctcaz.

Zn clinically hyperemic skin, any consequent
increase in absorption almost always arises from a

disease process damaging the skin barrieras.

Topical application of 6-methyl prednisolone to
stripped skin sites slows the absorption of (1‘3)



testosterone applied aubuqn-auy“.

Some workers conclude that if the biouvoihbiliiy
of a topical steroid is low, the blood flow may remainm
unaltered or may decrease) but if the steroid is applied
at high concentrations or under conditions which promote

percutanecus absorption, blood flow will iunmu.

1.4.f Skin netabolism

When the pharmaceutical industry develops a new
systemically active drug, s full biepharmaceutical
investigation considers in detail the pharmacokinetics
.ot the compound, including its absorption, distribution,
metabolism, and excretion., However, in the past, for
a topical drug, what happens to it after it penstrates
the stratum corneum barrier has received much less
attention than the fundamentals of percutanecus process
itself. In particular, this has been the situation with
respect to the metabolism of drugs by the skin,.

Several investigators have studied androgen
metabolism in whole human skin and in plucked hair
toluclosms-“’ °

Little is known about the biotransformation of
‘highly potent fluorinated corticostereids in the skin,
However, esterases in the skin of rats and guinea pigs



rapidly hydrolyse diflucortolone valerate, whereas
in vitre tests with human skin reveal a very slow

degradation rate for this autoid”.

Schaefer®® stated that there is little skinm

metabolism of topically applied anti-inflammatory
steroids at theraspeutic concentrations. hongeqw”
concluded that normal skin contributes to the overall
metabolism of estrogems, but the tissue is not the

major site of metabolism despite its mass and blood
fiow. Ando gt al>’ proposed an in yitye medel for
determining the simultaneous transport and metabolism
of the antiviral agent Vidarabine.

It is axiomatic and irrefutable that the rate of
percutanecus delivery of any dm, substance whose
absorption is rate limited by its passage across the
stratum corneum is directly proportional to the
thermodynamic activity (the escaping tendency) of the
diffusible species in the formulation.

4 had reported that the important factor

1

Higuchi
in permeation is distribution coefficient, Rotlauu’

had also emphasised the importance of the distribution
coefficient of the drug between its vehicle and membrane

and between menbrane and its recspter solution om
permeability.

33
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it depends chiefly on molecular interaction
between the membrane and penetrating mclecule, A
substance may snter the membrane when the partition
coefficient (membrane/vehicle)} is high. It cannot
easily leave the membrane when partition coefficient
(recepter solution membrane) is low in complex structure
such as skin, vhere membrane may be nonpolar and receptoer
tissue fluid polarx, substance whose partition coefficient
between polar and non poler is 1.00 will have the highest
penetration rate., Thus permeability is more if there is |
some, if not too much, affinity between molecule and
membrane. Under these conditions the membrane will
attract penetrating meolecule but not se strongly that
it falls to releass it on the other side. It is
recognised that vehicles which lower affinity (poer
solvent pover) will normally produce faster penetration.

wagmr” has also supported this theory,

1.4.n Bffect Of moisturg @

There are, infact, two opposite views on the
influence of moisture on percutanecus absorption.
Based on the enhbspt that skin is relatively impermeadle
to water, one school assumes that moisture on the
outside has little to do with promotion of ub»rpuoaz
On the other hand since it has been long standing



clinical experience that water-tight covering of. the
skin surface does influence perxcutanecus absorption,
many imvestigators believe that moisture is the most
important factor in promoting the passage of medicament

through the skin,

a.ushaw93 and Cullnabincg‘ reported that more

severs lesicns develop on human skin if pustard and
nitrogen gases wers applied to wetted skin. It was
interpreted that, this might be because of moisture
which played an important rols in promoting skin
penetration, and this might be responsible for Seyear
iesion. Laug st 3;25 demonstrated that increased
moisture promoted transfollicular absorption.

Leslie 'Rohutsg6

macerstion of horny layer and provided a condition

reported that moisture caused

ptaﬁeting the retention of substances in contact with
the skin. According to Higuchi, the transfer properties
of the several layers of the skin were probably strongly
influenced by the presence of water. VWurster and
cxzmotgv studied the absorption of the three salicylate
esters and reported that their absorption was produced
by increased molsture conditioning. 7They concluded
that percutasnecus abscrption involved a diffusional
process ie. a sponianecus movemsnt of a substance from

high concentration to an area of low concentration in

35
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the tissue fluids,

penl ot 31°% %% gtudied the influence of

hydration on n-alkanol permeation through rat skin mﬁ
compared the results with hairless and swiss mice.

They also studied the influence of stripping and
scalding on hydration and alteration of the permeability
of hairless mouse skin teo water and n~alkanols.

‘Hydration of the epidermis has been shown to increase

the percutanecus absorption of nicotinic uzuma and

salicylie aetd‘o.

Fritsch and Stoughton'i92¢302) 1o ed the dual
importance of teamperature and humidity on the penetration
of excised skin.

yurther evidence of the importance of hydratiom can
be found in imvestigations employing occlusive plastic
films in steroid therapy. Here the prevention of water.
loss from the stratum corneum and the subsequent
increased water concentration in the skin layer asppareatly
enhance the penetration of the sterosas'103-107)

shelmire’®® nad also emphasized the importance of

hydraticn of stratum corneum vhile discussing the
penetration of the skin by a medicament., Hydration
might physically alter the skin tissues and also result
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in changes both in the diffusion cosfficient and
activity co-efficlent of the penetrating medicaments,
thereby increasing passage through the skin.

It follows that ointment containing water l'lildle
for hydration of the keratin layer, such as o/w emulsion
bases are likely to increase percutansous penetration
of certain drugs conversely the bases which 40 not
maintain hydration of skin surface would decrease
percutaneous absorption. He also suggested that the
mechanism of hydration was t0 increase the size of the
pores.

9 suggested that there is no physical

Hiqnch13
alteration of the tissue due to hydration, but at high
water activities there are also changes in both the
diffusion coefficient and activity coefficients of the

penetrating agent.

One would expect the rate of penetration of water
soluble drugs to be faster through hydrated than through

normal stratum eornnunlog.

The hydrated stratum corneum is one of the almost
vater impermeable biclogical membranes found in nature,
although it is slightly more efficient before extensive
hydration and presumably ;g_z;ggilo.



A two phase series model for the permeability
behavior of the fully hydrated stratum corneum shared
resonable correlation between experimental permeability

coefficients and partition coctuennuln.

It has been suggested that steroids such as
pregnenolone and estrogens benefit aging skin by
hydrating it. Thus, pregnenclons acetate reduces the
degree of wrinkling im older skian:. Barry and
woodfora'l3

biocavailability of hydrocortisone in six commercial

assessed the vasoconstrictor activity and

cream formulations. They used a single application
technique in which the creams were applied for only
G under occlusion. Results for the twe preparations
which contained Ursa-Calmurid HC and Alphaderm -
suggested that under such conditions the Urea did not
preferentially promote the skin penetration of
hydrocortisone. Two possible reasons for this result
were the short application time and the possible
svamping effect of occlusion which would rapidly

saturats all stratum corneum sites with water,

Laden and Spitzer'* identified the main humectant
in the water soluble extract from skin as sodium
pyrrolidone carboxilate. Middleton and Reberts'l®
found that a cream containing 5% sodium pyrrolidons.
CarbOxilate increased by some 13X the water holding



capacity of the isoclated stratum corneum of the footpads
of Guinea pigs. 1In a consumer trial which assessed skin
dryness and flakiness, this cream was more effective
than the control product.

Rieger and D«-‘t" claimed that humectants in the

skin increase the transepidermal water less ig yitro,
which may be undesirable ip yive. |

Several rsports suggested that a commercial cream
 containing 10% urea (Calmurid) is valuable in the
management of ichthyosis. This disease is characterised
by very rough skin which presents a dry, cracked appearance
resembling fish scales'!17118)

1.4.1 Effect of fempersture

Relatively little attention has been paid to the
effects of temperature on psrcutanscus sbsorption.

Blank and Scheuplein’®? cbservea 1ittle alteratien
of the permesbility of the barrier from exposurs for
several hours to temperatures as high as Ge‘c. However,
Allenby gt 31'1% showed that the stratum cornewm wndergoes
irreversible structural changes when heated sbove M‘c.

The dual effects of both temperature and humidity
were shown clearly by Stoughton and !ritwhw’, who
demonstrated considerable increass in the percutanscus



absorption of aspirin and corticosteroids as the
temperature rose and especially, as humidity increased.

in yive work with occlusion{103:108) Loy o14nicar
stuuu“ have correlated the roles of temperaturs and

Mckensie and swu'mn1°3 showed that the minimum
effective concentration of certain stercids was reduced
by a factor of 100 when the site of application was
occluded,

‘1.4.3 Effect of vehicle ¢

It has been thought by majority of workers in this
field that the functions of the vehicle im percutanecus
absorption is to faecilitate contact betweea the medicament
and absorbing cells. Absorption #s best from vehicles
which spread easily over the skim surface, readily mix
with the sebum and ultimately bring the medicament into
contact with the absorption ¢ells. It was believed in
the past that the primary factor influencing penstration
through the skin was vehidle itself. Thus the subdivision
of the ointment bases into spidermatic, endodermatic and

didermatie type becames pOpulunn.

However, it generally becams apparent that the
thermodynamic activity and the diffusion coefficient
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and many other factors decide the absorption of the
sedicament than the base itself. It is believed that
the vehicle itself is not eapable of promoting the
abserption of non-absorbable drugs dispersed in it but

rather modify the degree of penetration of absorbable

A i .

Organic solvents such as ether, chloroferm, bensens
and acetons penstrate the skin with ease and enhance the
absorption of drug to such an extent that texic sffects
can occurlza. The results obtained from Patch t.nt"”
and apalysis of blood and urine ?® afver tepical application
of ointment vehicles containing salicylic acid indicated
difference in absorption from varicus smulsion type of

128

bases. Strakasch's chservations are sot in accopdance

with this.

Bourget?®® and Ximura!??, while studying fatty bases
reported that salicylic acid was rapidly absorbed, and
the smeunt absorbed was depeadent on the type of vehicle,
The greatest adsorption occured from lard and lanolin
while petroleum was observed to be the lesast effective.
The salieylic acid was shsorbed more from ¢/w type than
w/0 type of vases’?®, Tiere 1s no doudt that a continued
0il phase would tend to reduce absorption, while a

continued aquecus phase would be miscible with the
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secretion of the denuded and cexing surfaces of the

abraded skin and theredy promote relsase of medicement}?®,
Peck, ot a1}3? reported that water miscible emulsion

bases were found to be best for pyribenzamine hydrochleride.

Poulsen st 21 °° studied the effect of tepical venicle
composition off the in yitre releass of fluecinolone
acetonide and its acetate ester prepared in Carbopol 934
resin gel, where he used isopropyl myristate as a barrier

for release.

Cheng~dev Yu &% ,ﬁn studied the effect of propylene-

glycol on subgutanecus abserption of a bensimidasole
hydrechleride,

Cole gt ;;’fn studied the vehicle sffects in

percutaneocus abserptien. They studied ip viige the influencs
of solvent power and micrescepic viscosity of vehicls oa
beanccain relsase from suspension hydrogels.

imrstcrus and luqnehi“‘ reported that if the drug .

is only partially soluble in the vehicle, release from
the vehicle may be less than maximal, possibly compromising
bio-availability.

Burdick et g‘?” studied and reported that commerxcial
products if diluted or modified, adversely affect
bicavailability from carefully designed system,



Shahi and zatxld® srudied the effect of formulation

factors on penetration of hydrocortisone through mocuse
skin.

Asker at g?” studied the effect of formulation

and processing techniques on release of salicylic acid
from ointments. He reported a wide variatiom in release
of salicylic ascid in different formulatiom.

ostrenga st 31}3° studied the relationship between
tepical vehicle composition, skin permeability, and
clinieal efficacy.

Conflicting reports concerming the importance of the
vehicle in percutanecus absorption may be related to the
fact that many absorptien studies are carried out in
animals whose skin permeability differs considerably from

that of m1 3,.

1e6.x Effect of pif ¢

The rate of absorption of acidic or basic drugs
is pH dependent.Higuehi’! demonstrated that the rate of
absozption of histemine would be 10 times greatsr from
a base buffered at pH 7.5 than from a base at pH $.5.
w::"“ had suggested that ointments shouldd be
compounded with a pH range of spproximately 5.3 to 5.6
141

to coincide the acid pH of the skin. Bhatia and Barter



have zseported that maximum local anassthetic sctivisy
ointaent base was betwesa 6 and 7. The activity
decreased with varied pii, this view vas alse swstantiated
by the work of Roques

143
L

™e amount of drug pervutanetusly sbsorbed per
unit surface area per time interval increeses as the
gonceatration of the dxug in the vehicle is facressed,
Also, more drug is abecrbed per time interval at s
constant drug congsntration if the drug is applied to o
larges surface ares. liowever, with & fev compounds,
ingreasing concentrations produce significen: desrease
in ebsorption rates as in the case of phesol’®? wua

hydrogen sulfide gas’®,

Higuchi develeped s relationship to indicste that
this hetd s definite effect on relesass pattern. Accerding
t0 him the drug conceatration in the base, the diffusion
ovefficient of drug molecule and sclubility of the drug
1% the base are the important fectors. Skoy aad
weniberg ¢® showed o definite incresse in the absorption
of various compounds with imcressing concemtraties in
guinss pig.
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Bottari ot 2114® seudied the influence of drwg
concentration of Ap yitre release of salicylic acid
from ointment bases.

!rognr“" showed that the permeability constant

of thioglycollic acid is dependent on concentration and
probably on time of contact.

The pesitive penetrative effects of increased
concentrations of the steroids like betamethasone,

hydrocortisons and cortisone have been dmultrnm‘f“‘”m

One of the anamolies in the action of dimethyl
sulfoxide on skin penetration is low concentrations
are virtually without effect, as the concentratioa is
increased, thers is rapid enhancement of percutavacus
pmtnticn“o. A direct relationship was sbtained
between the concentration of dimethylsulfeoxide and the

rate of penetration of potassium methyl suuauln.

l.4.m Effect of purfactants

Surfactants offer possibilities of impreving tepical
vehicles and promoting s wmore through diffusion of a
nedicanent from the vehicle, thus influencing therspeutic
performance 132:133) | g substances are swperior
vehicles because of their ability te lower interfacial
tension and premote more diffusion of drugs. They provide
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ointments washable with water alone allewing easy removal
from the injured tissues. They act as medicated cleansing
agents, Dodd, Hartsannand Ward'®? pave studied the
surface~active agents for their suitability as major

components in compeunding hydrophilic eointment bun.v

Mt‘s‘ has suggested that the mode of action of

surfattants is due to their capability to emulsify the
sebym. and thus increase absorption. mm"’ studied
wetting agents and found that fats alone penetrated chiefly
arcund the hair follicle to a depth just below the skim;
while fats in combinations with wetting agents penetrated

to the base of hair follicles rapidly and soea psastrated
to a depth just bslow the skin surface but spread through
fatty tissues. Howse gt “ﬁ“‘ als® reported that
cleaginous bases exhibited less releass of drug while
emulsion bases indicated a better release, Duuung“s
observed more release of asmoniated mercury from paraffin
bases by the addition of wetting sgents. This was confirmed
by Laug 2% Al > who reported that eiatments containing
surfactants exhibited more absorption of mercury by skin,
The mercury sbsorption was more from base containing

sodiwm lauryl sulphate. Sharma'®’ nad also cbserved that
surface-active agents enhanced the cepacity of the petroleum
type base to release antibiotics. In case of tetracyclines.
tweens, polyglycol laurate and glyceryl morosterate had



snchanced release of the antibiotic: the release of
hamycin was comparatively better f£rom bases mtu.ain'
anionic surfactants.

stark ot 21 %® while studying the influence of
nature of surfactants present in oiatment bases, on the
release of various substances, reported that ionic and
nonionic surfactants, substantislly influenced it and
the nomionic surfactants increased it to a greater extent.
Similarly Vimson and Choman'>? found that the nomtenie
surfactants had promoted a greater release of iodine than
did the fonics and especially cationics but same was net
trus £for mercury, However many investigators are of the
epinion that nonionic surfactants have little effect in
promoting skin penetration, It has been claimed that
nonionie surfactants have less initiating effect.

On the other hand, several anionic surfactants have
recaived a widespread use in pharmaceutical preducts,
A few anienic and cationie surfectants have been studied
in formulation ¢f hydrxophilic ecintment bases. It was
reported that sodium lauryl sulphate and dodecyl bensene
sulphonate released maximum amount of amickel sulphate.
Barker and Dekay'®® had also shown that hydrophilic
eintments containing anienic surfactants like sodium
lauryl sulphate showed a greater release of medicament
than those containing nonionic surfactants. Amongst

17



anionics, the laurate ions are reported to have the
greatest psnstration and gresater effect on the pchotration
of other solute. Soaps of different fatty niil- have
this property of varying degrees. The cencentration of
surfactants have also been found to have 1n£1u$eo on

the release of the druq(“s' 162) .

One of the factors that has made the surfactants to
influence the release of drug is its affinity for water
and vhen a bass containing surfactants comes in centact
with the aqueocus medium, the surfactants diffuse out of
the base into the medium followed by the active drug,.
Another factor may be that the surfactants bring out
emulsification of base and agqueous flow in the area,
resulting in a watery ointment which is mere miscible
with the surroundings and theredby exposing greater
surface area of the ointment and allowing effective

diffusion®?,

P.unu“z studied the release of tetracycline

from carbohydrate gels associated with nen-ionie
surfactants. The influence of Tweens and Spans on the
rheological properties of vaseline and on the releass

of tetracycline hydrechloride was studied. The release
of tetracycline was found to be imfluenced by the presence
of surfactants which in turn was HLB dependent,
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Dermatitic effect of noa~ionic surfactants was
studied by Mese1)®? nen-tonic surfactants were applied
to the rabbit skin to determine the physiolegical
properties and irritative potential of some selected
surfactants. The metabolic measursments indicated a
two, three and four £fold iacrease in the oxygea
consumption of the inflgmmed, tresated skin sample,
depending on the length of the treatment and the type
02 the agent used.

1e80il® 1100 studied the dermatitic effect of

non~ionic surfactants which caused changes in phospholipid
and deoxyribonucleic acid content of the rabbit epidermis.
He oencluded that after spplication of nom-iemic
surfactants in wvhite petyrolatum, there was an increass

in the phosphorus and myzmxm acid content of

the blood.

Peterson’®® studied the emulsifying effects of seme

of the non-ionic surfactants on 3 non-aguecus immiscible
system. Ko relation betweea HLE values and emulsifying
capacity, method of mixing or smulsion type was spparent,
The chemical nature ¢f the surfectant appeared to have
an effect on the method of mixing and emulsion type.
Only stearate ester category of the surfactants induced
emulsification when the suzfactant was added to the



olive 0il., In sddition only stearate ester surfactants
induced eiycorinnia-oil emulsification. Several non
ionic surfactants were found to be important in preducing
emulsions of glycerin and olive oil. Emulsification was
spparent at lower concentration of oil but not at the
50% level. '

Gibaldi gt 211%% studied the mechanisa of the effect
of surfactants on the drug abserption.

Mesei and Ryan'9? studied the effect of surfactants

on the epidermal permeability in rabbits, The rate of
water desorption of untreated and surfactant tresated
rabbit skin was investigated by these authors. 7The
compeunds applied were Petrolatum USP alone, (Controel)
and petrolatum containing 10% polyserbate 80 or 10%
sorbitan trioleate.

sradshav“‘ worked on the effect of non ionie

surfactant on the bactexicidal activity of cetylpyridianium
chlexide. 7The interactioa of cetylpyridiniwm chleride
with a non-ienic surfactant was examined, ie. the effect
of surfactant on the biolegical activity of bactericide
was predicted. Determination of the degree of reduction
of biclogical activity shoved good agreement with the
precdicted results over a concentration range of 10-100
ppm of the bactericide,
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Withington and Collett = studied the transfer of

salicylic acid across a cellophane menbrane “? )n;t.qal;u{

o i
R~ m»-”” ‘;.‘,‘s

solution of polysorbate 20 and polysorbate 80, A

Kundu et g!” studied the affect of surfactants en
the release cf nitrefurasone from polyethylene glycol

base (hydreus).

shen gt 2117 studied the effect of nea-teaic
surfactants on the percutanecus -b:exf»ttn of salicylie
acid and sodiwm salicylate in the presence of dimethyl
sulfexide,

Meriaux gt g!‘” studied the drug release from a
lipophilic éintment base as influenced dy chain lenth
of added surfactant.

Effect of dimethy) sulfexids (DMSQ)

Btelser and Collaizsil’? studied the influence of

DMSO on the percutaneous absorption of salycyliec acid

and salicylate eintments. The shject of research vas

to detearmine whether DMSCO, would alter the precutanecus
absorption pattern of salicylic ascid and sodium salicylate
when incorporated inte hydreophilie patrolatum USP and

s polyoxyethylene (20) stearyl ether (PEG) gel system.

whiitworth and suph-ncoa“‘ studied the effect of

three liquid additives on the diffusion of atropine from



varicus ointment bases. It was found that the diffusion
was significantly enhanced by the presence of liquids but
the sffect of these liquids depended on the type of base
used.

scott and vxnccnt"s worked on the effect of DMSC on

the release of antiseptics from the ointment bases. The
effect of different concentrations of DMSO on the rslease
of phenol, hexachlorophene and mexzbromine from five
varieties of Hydrophilic Petrolatum USP and Hydrophilic
Ointment USP was investigated.

Ansel ot ,_l}“

antimicrobial agent,

studied the effect of DM3O as an

Snsader ot ’f.'”

the acticn of DMSO on percutanecus absorptien.

proposed a possible mechanism for

Cramer and Catun‘

studied the effect of DMSO and
trimethyl phosphite oxide on percutanecus absorption of

corticosteroids in rat.

Mesei and . ﬂxan“’ studied the effect of surfactant

on epidermal perrmeability in rabbits. They demonstrated

that anon-ionic surfactants which are used in pharmaceutical

formulation medify the dissolution or emulsification of
active ingredients and change the viscosity of ointments

and hence absorption process.
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all ous fact ]

Several other factors which may also influence the
percutaneous absorption of medicaments are the site of
application, the length of time such application remains
in contact with the skin, the amount of rubbing and
temperature of the skin. Blank et 81 7% and Marsu111}®
showed that excised scrotal skin was more permeable
than abdominal skin to salicylic acid, hydrogen sulphite
and water vapours. Maikiusoa”i showed that the rate of
penetration of a drug decreased with time as the tiaiins
became saturated with the drug.

llnckulm and nckma showed that, in general, the
longer period of induction, the greater is the amount

of drug absorbed,
c icatio t

Ointment bases are classified in many ways. However
the following classification has been accepted universally
by all pharmacists and dermatologists. According to this
classification ointment bases are classified into
hydrocarbons, fats and fixed oils, silicones, absorption
bases, smulsifying bases, and water-soluble bases.

Hydrocarbon bases

These usually consists of soft paraffin (vaseline,



petroleum jelly or patrolatum) or a mixture of seft
paraffin with hard paraffin to produce a suitable
consistancy. Paraffins are used extensively and have
been found to be very good so far as protective action
is concotnodi”. These bases are neither prone te
decomposition nor do they get oxidised. The majer
sdvantage of these bases is that they do not get rancid
and further their inertness have made them more popular,.
They are used as occlusive, smollients, protectives or
protective coverings for the skin on sccount of these

useful properties, paraffins have still remained efficial
in pharmacopoeias.

On the other hand, the hydrephebic properties of
paraffins have rendered them to be somevhat umpopular,
An antagonism exists betwsen the ¢ily phase constitusd
by the paraffing and the water phass which is represented
by the agusous exudation of the skin., It is known that
the release of medicement from these bases is very limited,
Petrolatum is known to inhibit sntiseptic action of drugs
incorporated in it.

Noedferd and urtyx“ showed that white soft

paraffin produced s response in the skin blanching test
used to assess topical steroid activity,

Hard paraffin and microcrystalline waxes are
chemically similar to white soft paraffinm but contain
no fluid components.



Mu"“ reviewed the history of soft paraffin
sinee the first patent relating o this material appesred
in 1873,

The preoperties of the various paraffins vary
considerably between different batches and grades of
petrolatum, and this complaxity can lead teo difficulties
with quality contrel.

The effect of diluting petrelatum with liguid
paraffin was considered by Barry and sz“‘.

Some ka‘crix” investigated the change in
rheologieal paramsters on diluticn of white seft paraffin
with oil or wax, lanolin, complex emulsifiers, simple
surfasctants, emulsified water, and other ingredients.

Hydrocarbon bases nay contain ingredients additional
to petrolatum; for instance, Paraffin Ointment BP is a
blend of white beeswax, hard paraffin, cetostsaryl
aleohol, and soft paraffin, Osckerite is a mingsl wax
consisting mainly of c” te Cgy saturated hydrocarbons
Ceresin is a mixturs of ozekerite and paraffin wax
(hard paraffin).

The Plastibases provide a series of hydrocarbon
vehicles in whieh the manufacturing process incorporate
polyethylene into mineral oil at high tgmperature,
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followed by rapid coeling. Foster st 31 %% suggested
that more drug released from above vehicle compared to
petrolatum system.

1,50 Fats and fixed eil baseg

These bases which include lard, vegstable and mineral
fats have been in use since Greecc-Roman times,

lLard, the purified internal fat of abdomen of the
hog, and lard containing vehicles are now only of histeorical
interest since we rarely use them in morderndcrmatelegical
therapy. Castor 011199 hydrogenated castor oil, palm
xernel 0113%° hydrogenated palm kernel oil, which can
take up some water and phosphated or hydrogenated oils
have been used as ointment}?? pages. But all these oils
turn rancid and hence cannot be used over long periods
of time, Other oils include peanut, sesame, olive,
cotton seed, almond, archis, maize and persic oila.

In conclusion it can be said that though the fatty
bases played an important role in eintment therapy asd
enjoyed a reputatiom in past, they need to bs replaced
by other basses because of number of drawbacks encountered
in their use.

1.5.c Silicenss *

192

8ilicones are synthetic phlymers and are widely

used in similar preparations. They are chemically and



physiologically nort”s. However they are comsidered

objectionsble im the treatment of wounds. Because the
agqueous discharge provides a barrier which prevents the
medication from reaching the diseased tissues, and at
the same time, the greasy bases do not allow the agueous
fluid to come out,

Creams, lotions and ointments containimg 10 to 30%
of a dimethicone prevents rash and bedsores and protect
the skin against the trauma associated with colostomy

discharge or ucenuuucon‘.

1.5.4 Absoxrption bageg s

The term absorption used iam this context does not
refer to the absorption of the bases by the skiam but to
the hydrophiliC or water absorbing property possessed
by the bases. In general they are anhydrous vehicles
composed of hydrocarbon base and g substance that is
miscible with the hydrocarbon but also carries polar
groups and therefore fumctions as a w/o emulsifier,
Higher fatty alcohols, lanclin and glycol stearats are
found to be of considerable interest as comstituents of
these bnu“s e It is claimed that commercial absorption
bases usually contain 5 to 10% of cholesterol in
hydrocarbon bases. Due to the presence of cholesterol,

lard and petrolatum can be used as absorption bases and



have been found te release more amount of druqs““’“”.
It is reported that the hydrophilic properties of
peraffins gan De inecreased by the addition of 1%
ehununl”'.

Absorption bases such as woel alcohols ointment
and simple ointment deposit a greasy film on ths skin
in a similar manner to that of a hydrocarbdon base, but
they swppress less the tfansepidezrmal water )&u”’.
Cetyl alcohol is found to ipcresse the water holding
property of petrolatum. ufuchuuzog discussed these
bases and claimed that the absorbing properties of
'xmm ars due to its econtent of alceheol, MNydrephilic
Petrolatwm USP, Woel Alcohel Ointment I,P, are the
exanples of this categery. According to mzm

some individuals are sensitive to lanolin,

Absorption bases generally have a high index of
compatibility towards the majority of medicaments

used topically. As a class they are relatively heat-stable

and car be used im hydrous or amhydrous conditions. These

bases, however, possess the undesiradble preperty of
gt&uimn. but are more readily removable from the skin
than the ol.igmut bases.

1.5.¢ BEmulsion Dagep @

These essentially anhydrous bases contain o/w



emulsifying agents which meke them miscible with
water and s® washable or “"self-emulsifying”.

rutmzoz; pointed out that except the cream
eointments and exulsions, other ointments are contraindicated
in seute inflammatery coaditions due to their ‘heating
quality’., Mumford’®’ while discussing the role of
smulsified base in dermatelegy observed that the
application of petrolatum er lantlin or a amixture of
these sffered an objectionable barrier for ths aguecus
discharge of the skin, In erder to overcome this
difficulty, smulsion bases can be used as they are
oil-soluble as well as water-soluble. It is observed
that antiseptic substances exhibited better results
when incorporated in esulsion bases rather them whan
combined with greasy bases. Another appealing advantage
of the emulsified ointment base is that they do net
stain th) clothings. Besides being leass conspicucus
when applied on the skin they can be easily removed by
washing with water. These emulsified ointments do not
interfere with the physielegical processes of the skia
and sare found to be cosmetically more acceptable to the

xnn:zo‘ prepared w/o type of emulsion ointment
base for incorporating mercuric nitrate. It was found
that this preparation was three times more effectiwve in
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| smulsion base than the base given in N, P, VI, with same
percentage of drug similar observations are reported by
other votk.uns. Appaxently, the most logical approach
te formulating a stable ointment is to use an ©o/w type

of emulsion base which is easy tc formulate. Often,

the preparation incorporates the emuisifying agents inm
the form of a wax, a granular material which a formulater
can more easily handle snd weigh, and which ene can alse
use separately to produce s semiselid emulsion. Depending
on the ionie mature of the surface~active pertion of the
water-soluble emulsifying agent, one can classify
emulsifying bases inte thrae types - anionie, zationtie,
or ronioniac.

A recurrent feature ¢of these bases is that they
contain a mixture of emulsifiers of the oppesite type,
The w/e emulsifier is cstostearyl aloohol; it combines
with the o/w emulsifier which may be ionic or nonionic,
Among the two typss of emulsion bases it is peported
that o/w type ¢f bases promote percutansous abserptioa
of drug due to either presence of surface~sctive agents,
which may help te bring the medicement into more intimate
contact with the skim or the miscibility of bases with

agquesus skin mrcﬂm“so

Such bases produse ointments of cesmetic appsarance,
easy to apply, simple t0 remove and hence bring about a



desirable psychological effect on the patient emsuring
better cempliance resulting in more efficacious therapy.

1.5.2 W 'l : !

Water-washable bases consitute a growp of »0
called greaseless ointment bases which centain ingredients
either water-soluble or water-washable., There are
relatively a few materials that possess the physical
preperty of water solubility and still maintain the
characteristics that make them desirasble as semisolid
vehicles for dermal application of medicinal substances,

Carbowaxes are polyethylene glyecol derivatives
having a molecular weight from 200 to above thousand,
They are water-soluble, nom velatile, unctuous compounds
and this feature MM with their chemical inertness
and ability to form an emollient base made them idsally
suited for cutanecus therapy. These compounds neither
deterierate on standing nor do they suppert meuld growth,
It has been shown that carbowaxes are not more irritating
than lanelin and petrolstum when applied to the skin?®6,
smyth gt 31°°7 have reported that acute oral and dermal
texicity and the irritating pewer of carbowax are very
low. Bensoic acid, salicylic acid and phenol are found
te exert a solubilising effect and further te interact

with ointment bases containing the high molecular weight
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carbowaxes, Although la yitro studies have showa that
medicaments diffuse readily from carbowax bases Yo,

It is also cbserved that little percutaneous absorptioa
occurs from them. Clarx39? has imdicated that
sulphathiazole is found to be more dAiffused from cubova;
which is an excellent base for the sulpha drugs Oa account
of its high penetrating power.

Pectin which is a purified carbohydrate obtained
from the inner rinds of citrus fruits, has been used

a® an ingredient of cointmeant bases. lwmno

suggested
the use of pectin as a vehicle for tannic acid and

sulphsdiasine preparations.

Carbopol 934 has been reported for use as a vehicle
for éomtologxcd preparations. The thickeaing efficiency
of Carbopol 934 caam be employed in the preparatioa of
suwch pharmaceuticals as creams, ointments, lotions,

suspensions and mhimzn. The toxicity of Carbepol

is reported to be megligible.

Glyceryl momnostsarate has beea widely wused ia
cosmetics and ointment bases. The glyceryl moae-
stearates serves as a good emulsifying mn”‘z. Sodium
carboxymethylcellulose (CMC) a gramular substance cam be
used alone or im combinmation as a base for oimtments.

It is commercially available with different degree of

substitution and im varicus viscosity quduzu.



Tragacanth is also used alone or in combination

as a base for topical vchiclclzla.

Bentonite has been used as an ingredient for tepical

preparstions and has been found to be effective for wide
range of druq-n‘. Darlington and Gut.hns reported that
- pH of bentonite may be adjusted by using buffers and
An yvitre activity of asmoniated mercury was enhanced in
these bases. Bentonite bases containing antibacterial
drugs demonstrate greater antimicrobial activity than
certain other bases,

2. RESEARCH EWVISMGED

Ointments including creams, are the second largest
selling formulation of the pharmaceutical industry.
Ointment should be compatible with the skin, stable,
permanent, smooth and pliable, nom irritating, non
sensitizing, inert and able readily to release its
incorporated medication. Since there is no single
ointment base which possess all these characteristics,

a huge amount of work has been and is being done on this

dosage form.

The consistancy of a topically spplied semisolid
product plays a very significant role in its performance,
Thexrs are s0 many semisolid preparations availaﬁh in
the world as well as in India. Row, India is a big



country where so much fluctuations in the climatie
conditions like temperature differences, and humidity
changes occur during the year. EKven during a day there
is let of fluctuation in the temperature and humidity

at different regions of India. Ultimate aim of the
formulator should be to give a product to the patient

in the same condition at the time of manufacturing, It
is coamon agn's experience in India thct during the time
of use of topical preparations there are 50 many physical
problems alsoeiuxnd'uith the preparations, like pourasble
liquid instead of semisclid mass coming out from tube,
separation of phase ebserved, sometimes hard mass coming
out from tube which is very difficult to spread on the
skin, sometimes air along with the preparations coming
out, sometimes pungeat odour or change in colour observed
stec. To overcome these problems iyst‘uatkfhcoloqleal

and stability studies at different conditions on creams
and ointment are required which are helpful for a

number of things like:

1) as an aid to the fundamsntal understanding of the
nature of the system,

2) quality control of raw materials, final produets
and manufacturing processes, such as mixing, pumping,
£filling etec.
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3) to study the effect of changes in the formulastion,
storage time;,; temperature etc on a product,

4) to assess a product with regard to its usage; and

$) to assess the cspacity to suspend sclids or
immiscible liquids.

Corticosteroids preparations are widely used in
dermatology and during the last quarter of century they
have revolutionised the treatment of many inflammatory
skin diseases like lucalized neurodermatitis, pruritus
ani, sllergic, irritsnt contact dermatitis, inflammatory
phu‘ of xerosis and psoriasis ete. Research departments
of pharmacentical companies continus te develop more
potent steroids in different bases for topical application
and it has been demonstrated that different formulations
containing the same drug in the same concentration orx
different drugs in the sams vehicle give wide varistions
in the cutaneous availability or wide variations in the
complete blanching profile, Four drugs selected for the
present investigation are Triameinolcone Acetonide,
Betamethasons Valersie .o Fluocinolone Acetonide and
Halcinonide.

In sbove corticosteroids f£first three are well
established and the last one is relatively nevess
Incerporation of the above steroids in different vehicles



is required and systematic studies of sbove formulations
like stabllity of the active ingredients, stability of

the adjuvants, visual sppearance, celour, odour, viscosity,
loss of water, phase distribution, phase seperation,
paxticle sise distributien of dispersed phases, pH,
texture, feel wpon application, particulate contamination
etc. should be ebviously carried out.

Sometimes ointment causes irritation or alleggie
ruéuou. Irritant reactions are more frequeant and
more important, hence a number of test procedures have
besn devised to test for irritancy levels, both in animal
and in man. Thus before intreducing a formulation im
the market primary irritation test on bases is to be
carrisd out in nbiu.'

Now accerding tc new concept of USP for nen-sterile
topical preparations it being necessary to maintain the
' petency and integrity 6f proeduct forms and to protect
the health and safety of the consumer, the significance
of micro=-organisms in non sterile products sheuld be
evaluated in terms of the use of the product, the nature
of the product, and the potential hasard to the user,
Accerding to the UsSP, preparations should be free from

P:sesuginoss and §.gurevs.

Micre-organisms could cause disease or product



dstasioration. 350 it is very dangersus to have &
pathegenis micre-exganism or any micro-erganism which
48 dangereus to the health, Neace a systematic study
of total vishle sount iam the preparations and the
identification of pathogenic exganisms if present in the
formmlations, is %0 be carzied out and alse optimwm
concentration of suitable preservative can be found owt,

3o Rlhl OF WOBK

he present stuly was plaaned ¢ precesd on the
follewing iimes.

1) PYermmlation of the cream bases suitadle fer

insesporating an adequate osncentratien of the
Gluwsesestrticostareids,

Nere it ves plenned to prepere Rydrephilic bases
o/v esmlsion typs bases, we type emulaien dases
ond ahsorption bases with gonmenly wsed ingredients.

2) PFizst, second and third sereeaing evaluation of all
the prepared eresm bases.

™he sin vas %0 stuly the preperties of the erean
bases, sweh as Grainy, Separation, Satisfastery,
Unsatisfactory, pi, Spreadabilisy, Washabilisy,

Consistancy, congealing peint and wvater content.



3)

4)

35)

6)

7

8)

9)

10)

Rheological evaluation of promising cream bases.

Promising cream bases depending on the results
of above three screening evaluation shall be
subjected to Rheological evaluation.

To study the primary skin irritation test of

sslected cream bases.

Stability studies of selected creams and the effect
on the physical parameters on storage conditions

and time.

Total viable count of micro~organisms in selected

cream bases,

In yitro release studies and studies on liberation
of drugs through Sartorius ointment Chamber.

In yivo medicament release studies (Topical
availability studies).

In vitro - In vivo correlaticn.

Based on the results most promising bases for the
preparation of medicated creams of the four
corticostercid drugs shall be suggested,
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