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EDITORIAL

"La Connaissance a pour objectif I'Assurance,
P'Intelligence a pour Objectif I'Tnvention.”

Le philosophe Michel SERRES résume par cette réflexion une problé-
matique familiére du galéniste.

Comment 2 la fois conjuguer 1'absolue nécessité de séeurité attendue par
le consommateur, et introduire 1'é1ément inconnu et nouveau qui
transforme l'ordre établi en innovation ?

En effet, e monde pharmacentique n'échappe pas & la loi du marché qui
impose nouveauté et par conséquent, rupture avec la tradition.

C'est autour de cette réflexion essentielle pour 'avenir de toute
entreprise pharmaceutique que se sont déroulées les Journées Galéniques
de St-Rémy de Provence 1992, démontrant ainsi que pour Gattefossé,
I'innovation s'inscrit dans la continuité.

© The Author.All rights reserved
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EDITORIAL

"The Aim of Knowledge is Assurance,
the Aim of Intelligence is Invention."

By this thought the philosopher Michel SERRES sums up a problem familiar to
Galenists.

How can we juggle between the total safety expected by consumers, and the
introduction of new, unknown, innovating elements which may transform the
established order ?

The world of pharmaceutics cannot avoid market law demands for new products and
the resulting breaks with tradition.

This reasoning, essential for the future of all pharmaceutical companies, was behind
the "Journées Galéniques de St-Rémy de Provence 1992", showing once again that
Gattefossé innovation is an ongoing process.
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PROGRES DES FORMULATIONS

EN CAPSULES MOLLES
P. METZIGER - R.P. SCHERER - FRANCE

g onnue depuis plus d’un siécle, la capsule molle n’a guére évolué
| jusqu’au début des années soixante dix avec Uencapsulation de
= solvants hydrophiles.

Ces solvants ont permis de véhiculer les principes actifs soit sous forme
dispersée ou mieux encore sous forme dissoute.

Plus récemment, R.P. Scherer a développé des systémes solvants brevetés
trés performanis permettant ainsi noen seulement d’améliorer les
performances des molécules mais aussi de prolonger leur protection
industrielle. '

L’apparition de ces nouveaux systémes a nécessité la mise au point de
nouvelles tuniques pour les eapsules molles afin de limiter les échanges
entre 'enveloppe de la capsule molle et son contenu.

gelatin ribbong with calibrated thickness, formed
. . . from the molten gelatin mass and led to the die
| HE ROTARY DIE PROCESS rolls, Accurstely metered volumes of liquid {ifl
material are injected between these gelatin
ribhons. The injection of the liquid forces the
gelatin ribbon to expand into the die pockets that
determine the softgel shape. The formed softgel
is heat sealed znd automatically cut out between
the two dies.

It exists other methods for the manufacturing of
sofigels out of the rotary die process:

Figure I

Figure T

MouLD

PLATE

The mancfacturing process uses the rofary die
method, invented in 1933 by Robert Pauli
Scherer whose first encapsulation machine is
now housed in the Smithsonian Institution in
Washington, D.C. Today softgels are produced
on modern encapsuiation machines running
around the clock. The process consists in two

FOTARY
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s The mould method:

This is the original method invented by
Mr, Mothes in Paris in 1833. He used a leather
mould with mercury inside. He dipped this into
the molten gelatin. After the gelatin has set, he
aliowed the mercury to run oot and then could
pull the moulded capsule off, fill it with Hquid
and seal it with gelatin, This is a very laborious,
inaccurate method with little variation in shape
and size possible.

» The plate method:

This was invented to enable manufaciuring
chemists @ produce farger numbers of capsules,
The method consists of a metal plate with raised
shoulders around holes which are the shape of
the desired capsules. A thin sheet of gelatin is
placed on the plate, the liquid poured onto the
gelatin, another sheet placed on top of this and
Finally another of the metal plates placed on top.
This pile was then pressed, forcing the oil to
flow away from the high-pressure areas of the
shoulders around the holes, the shoulders cut the
gelatin, formed the seams and the capsules could
be then stripped out. The method produced
capsules of varying fill content and size and
wasted much of the fiil,

° The drop method:

This was an old Scherer patent but was not
pursued because the rotary die method offers
greater versatility and aceuracy. Limitations
with the drop method are that solids cannot be
put into the fill or the sheill and there is an upper
limit to the size of capsule, about 9 round
maximum (i.e. 0.5 m¥capsule). This method can
only make round capsules,

Only the rotary die method, however, offers the
possibility to have high volume productions in a
large range of shapes (round, oval, oblong, tube,
round-tabe, twist-off tbe, suppository,...), sizes
{from 0.05 mi to 30 ml) and colors. The process
also allows to fHl liguids as wel as solids
preliminary put into solution or suspension.

A large part of R.P. Scherer’s activity is devoted
to the pharmaceutical industry, as well for

© The Author.All rights reserved

prescription products in the different (herapeutic
indications as for OTCs. The other segments of
activity which have been developed more
recently are the Health and Nutritional and
Toiletry products and in a less large extent
products for the food industry.

ADVANTAGES OF THE
SOFTGEL VERSUS OTHER
DOSAGE FORMS

The softgel is

- Beonomical

- Contains the correct dose

- Stable

- Elegant,

- Basy to administer

- Safe

- Therapeutically effective

- Protects its content against oxidation and
hydroiysis

DEVELOPMENT ACTIVITIES

Additionaily to its manufacturing activity, R.P.
Scherer is also largely involved in the
development of formulation fechnology both for
shell and fill to enhance this dosage form
according to the most modern advances in
technology. Developments are performed by
considering:

- the chemical characteristics to be studied:
activity, degradation products, impurities,
stability.

- the physical charscteristics of the active
ingredient which are needed to be knowmn:
particle size, particle shape, polymorphic form,
bulk density, hygroscopicity, flow, Treezing
point, compression characteristics

- the biopharmaceutical characteristics on the
finished product: solubility, dissolution rate,
pka, partition coefficient, bicavailability, to
assure the right efficiency, safefy and
performance of the product.

BT, Gimtefosss N 85 - 1982673



e Softgel formulations

Softgel production started with liguids as fill
material. Later on oily solutions or suspensions
of pulvernlent active ingredients have been used,
Such formulations were based, additionally o
oily excipients, on suspension agents such as
waxes or hydrogenated oils as well as on
products with surface sctive power such as soja
lecithin. These formalations continue to be used
nowaday,

Figure 1l

Hydrophilic solvents started 1o be used in the
TU's, not without some stability problems due to
the exchange between shell and fill. The major
advantage of these solvents was the possibility to
dissolve an active ingredient which enables high
absorption rates to be achieved. New proprietary
formulations of softgel shells have been
developed by R.P. Scherer to limit this
phenomenon of exchange between the hydrophile
shell and the hydrophile content. Stability
problems are therefore totally cleared up,

Figure IV

© The Author.All rights reserved

* Scherersol systems®

These are the result of the most recent
developments to allow dissolution of active
ingredients These systems which are proprietary
formulations, give the softgel product both a
biopharmaceutical advantage due to

- optimal bioavailability

- more consistent absorption of drug

- more consistent delivery of drug

- higher accuracy of single doses

- higher consistency of doses from batch to
batch

- possibility of lower dose or more effective
reatient.

and a commercial advantage due (o a longer
protection of some active ingredients.

Nevertheless, there remains one excipient 1o be
rather incompatible which is water, Therefore
Gattefossé have developed anhydrous
microemulsions which are currently tested in
softgels and are still to be improved since the
teast exchange between one of the excipients
and the microemulsion can lead the emulsion to
break. These criteriss are to be taken into
consideration for the development and the
presentation of microemulsions in sofigels,
which is the ideal dosage form for unit doses of
Hauids,
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ORAL ANHYDROUS NON IONIC
MICROEMULSIONS
ADMINISTRATED IN SOFTGEL
CAPSULES

MICROEMULSIONS ANHYDRES NON IONIQUES
POUR VOIE ORALE PRESENTEES SOUS FORME DE

CAPSULES MOLLES
E. GEORGAKOPOULOS - N. FARAH - G. VERGNAULT

GATTEFQOSSE s.a. - FRANCE

epuis quelques années, le monde pharmaceutique s’intéresse aux
microémulsions en tant que systéme promoteur d’absorption tant
pour la voie orale que topique cutanée.
Les capsules molles constituent, a priori, une forme séduisante et pratique
pour présenter ces formulations de fagon unitaire. Cependant, un certain
nombre de problémes de compatibilité ont dii étre résolus afin de permettre
celte présentation.
La formulation de microémulsions anhydres n’apporte cependant pas la
solufion a4 cette incompatibilité et une nouvelle orientation de ces
Jormulations a di étre retenue.

After having been used in the petrolewm assisted
recuperation, microemalsions are considered by
the pharmaceutical field as the new drug
delivery system since a few years. {7) (8) (D)

I NTRODUCTION

Historical review

(1) (2) (3) (4) (5) (6) General properties of micro-

emulsions (10) (11) (12) (13) (14)
The first known formulation which can be

considered as & microemuision was elaborated in
1928, At this date, in the name of Miracal wax

Microemuisions are liguid systems,
macroscopically homogeneous, transparent, with

Company, RODAWALD finalised a floor wax
which shows surprising properties.

It is oty in 1940 that the scientific community
began to be largely interested hy this systemn,
and  the vulgarisation of the word
“Microemulsion” appeared only in 1959,

© The Author.All rights reserved

low viscosity, thermodynamically stable,
isotropic, compesed of a polar phase, an organic
phase {non miscible with the first one), and
surfactant and cosurfactant compounds,

Their formation is spontancous and do not
require any important energy,



These characteristics are due to the specific
microstructure of these systems whick are
composed of microdroplets of dispersed phase
{15 to 200 nmy) into the contingous phase,

The alternance of Surfactant and CoSurfactant
molecules induce 2 dramatic decrease of
interfacial tension. The length of the
cosurfactant molecule as well as the medium
lonic strength play a very important role in the
size of the microemulsion existence fleld.

INTERESTS
OF MICROEMULSION
FOR ORAL USE

Today many pharmaceutical industries or
upiversities are performing studies on the use of
microemuisions for oral route specially for the
absorption of peptides, (15)

Seolubilizing properties

One of the most important interest of
microemulsion is their high sclubilization
power. It is possible to dissolve poorly soluble
active drugs in aqueous phase as well as in oily
phase.

This property was largely used for the
formulation of injectable products or blood
substituies {fluorocarbons as hemoglobin
carriers) (204,

In addition, with the specific studies of
microemulsion, ¥ will be possible to dissolve in
the same preparation incompatible drugs or
lipophilic and hydrophific drugs (21) (22},

Mechanism of oral absorption
of microemuisions
(16) (17) (18) (19)

Ritschel tried to ¢lucidate the mechanism of
absorption of molecules such as Ciclosporine,
vasopressine and insulin orally or rectally
administered in microemulsions.

After absorption of the preparation, the
gastrointestinal fluid diluges the microemulsion
and gives larger size droplet aggregates forming
a fine emulsion.

© The Author.All rights reserved

in the presence of bile salts, the emulsion will he
partially digested and the remaining forms
mixed micelles in which bile salts act as
cosurfactant, Some mixed micelles can be
obtained with the association of tong chain and
niedivm chain fatty acids,

Al particles penetrate in the aqueous layer and
the mucin, and will be abzorbed following
different ways : pynocytosis, diffusion or
endocytosis.

Due to their structure, mixed micelles can
dissolve a part of the Hpids of the membrane or
follow the way of facilitated transport, By the
way of capillaries, the active drug can reach the
mesenteric veins and the portal vein or can be
absorbed by the general blood circulation going
through the lymphatic sysiem.

WHICH KIND OF EXCIPIENTS
FOR ORAL ROUTE
FORMULATION

Toxicity requirements

All the excipients used for the oral
microemuision formulation have w be exempt of
toxicity for this route.

Generally, tri, ¢i and mono glycerides are
digested, metabolised and assimilated as well as
food quality lipids.

Hydrolysis of esters of polyglyols gives fatty
acids which are metabolised and assimilated.
The remained polyglycols are rejected intact in
the case of high molecular weight molecules.

However, it is wellknown that fatty acids with
odd sumber of carbon atoms, or having very
short chain or ramified chain are very difficult to
be assimilated by the organism and have to be
banished for the oral route,

BT, Ganefosse N° 83 - 199243



ANHYDROUS MICRO-
EMULSIONS FORMULATION

Constraints due to the softgel

capsules

As you certainly know, sofigel capsule needs
specific formufations. The shell is composed of
gelatin and plasticizers like giycerin, sorbitol,
polyols, and contains about 6 to 10% of
constitutive water,

In additien, it is possible to include also
thickners as hydrogenated vegetable oils,
beeswax, colleidal silicon dioxide.

A lot of products can interact with the shell of
the sofigel.

Among these products, water seems to be the
more problematic compound. Also, high
concentration of propylene glycol alfers the shell
and formulated microemulsions must contain
fow guantities (helow 20%) of this product.

Due to these obligations, we have developed
anhydrous micreemulsions in which agueous
phase is replaced by hydrophilic product or
microemulsions with very low guantities of
water which are able to absorb or to give up
water from or to the capsule shell.

Substitution products for useful
microemulsion phases

+ Substitution of agqueous phase

In our case, microemulsion agueous phase can
be substituted by PEG 300, PEG 400,
polyglycerol, propylene glycol or derivatives of
diethylene glycol {e.g. TRANSCUTOL®).

+ Selected lipophilic phase

This phase contains only products with clearly
defined status and toxicity. They are essentially
vegetable oils, fatty acid esters or modified vegetable
ofls, We have tested LABRAFAC®  LIPOPHILE,
Corn O, and LABRAFIL® M 1944 CS.

« Cosurfactant {(CoS)

Selected products are derivatives of polyglycerot
especially PLUROL® OLEIQUE (polyglycero!

© The Author.All rights reserved

Oleate) as woll as polygiycol monocaprylate and
caprylocaprate.

» Surfactant (8)

Tested surfactants are characterised by their very
lew agressivity and toxicity. Their uses are

wellknown since a long time in the field of

topical microemulsions,

Among the most famous, LABRASOL®, non
ionic surfactant compound of saturated
polygivcolyzed glycerides as well as
TRANSCUTOL®, dicthylene glyeol mono ethyl
ether, show a very good compatibility with
softgel capsule shell.

Other products like glycerolysed vegetable oils
have been tested (MAISINE®, OLICINE® and
PECEOL®},

Results - Pseudoternary diagrams

Non  tonic  surfactants used for the
microemulsion formulation are issued from
oleochemistry.

Among the retained products as substitates of
the aqueous phase, PEG and polyglycerol do not
present enough larger fields of existing
microemslsion.

+ Couple LABRASOL® PLUROL®
OLEIQUE (5-CoS) (fig. 1)

With this couple, microemulsions with corn oil
are obtained for ratio 5/Co8 where Cosurfactant
proportions are relatively high (R < 1),

In the other cases il is impossible to obtain
microemulsions.  On  asother hand,
LABRAFAC® LIPOPHILE, vsed as oily phase
with the same couple, gives larger
microemulsion existence field for ratic up to 4,

* Couple TRANSCUTOL® - PLUROL®
OLEIQUE (S - CoS) (fig. 2)

In this case, we obtain microemulsion existence
field with corn oil only for the ratio 2, in
opposition 10 LABRAFAC® LIPOPHILE which
allows better results especially for ratio 6.



* Couple PECEOL®/PLUROL® This couple allows the formation of wide and
OLEIQUE (fig. 3) very interesling field of exisiting

microemulsions,

S. LABRASOL®

Co8. PLURDLE OLEIQUE
O. LABRAFAC® LIPOPHILE
W. PROPYLENE GLYCOL

S+ CoS w

S+ Co8 W S5+ Co8

FIGURE ! : Couple LABRASOL® / PLUROQL® OLEIQUE (5-CoS)
© The Author.All rights reserved
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8, TRANSGUTOL®

CoS. PLURCL® OLEIGUE o
0. LABRAFAC® LIPOPHILE

W. PROPYLENE GLYCOL

FIGURE 2 : Couple TRANSCUTOL® / PLUROL® OLEIQUE (S - CoS)

© The Author.All rights reserved



§. PECEOLG

Cob. PLUROLE OLEIGUE
O. LABRAFACH LIPOPHILE
W. PROPYLENE GLYCOL

S+ C{JSS
FIGURE 3 : Couple PECEOL/PLUROL® OLEIQUE (5 - Co§)

B, MAISINGS

So8. PLUROL® OLEIQUE
O. HUILE DE MAIS

W. PROPYLENE GLYCOL

5+ GCo8

S5+ CoS

FIGURE 4 : Couple MAISINE® / PLURQOL® OLEIQUE (5 - CoS)

© The Author.All rights reserved
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- Other couples (Figure 5)

products is discussed in Hiterature (23).

The cristallization problem of this kind of

in order to avoid this drawback, it is possibie to

The couples OLICINE®&/PLUROL® OLEIGUE, use  them associated with
MAISINE®/PLUROL® OLEIQUE give TRANSCUTOL®.

interesting microemuision existence field but

these formulations cristailize at room

temperature during storage.

FIGURE 5 : MAISINE® WITH 10% TRANSCUTOL®

5. MAISINE® + 0% TRANSCUTOL®
CoS. PLUROL® OLEIQUE

O, HULE DE MAIS

W, PROPYLENE GLYCOL

S+ CoS

S, MAISINE® + 0% TRANSCUTOL®
Co8. PLUBROL®E OLEIQUE
0. LABRAFAG® LIPCHILE
W. PROPYLENE GLYCOL

5+ CoS8
© The Author.All rights reserved
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Table 1 : Various Winsor's System density (d
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WINSOR SYSTEMS

A lot of methods can be used to characterise
microemulsion. We have retain a very simple
method which need no expensive equipement
and which is based on Winsor concept.

Winsor concept reminder (24)

A few years ago, Winsor have clagsified the
different phases which car be obtained on a
pseudoternary diagram into 4 subsectors,

a) Winsor |

In this two phase system, the inferior one rich in
surfactant is the microemulsion, and the other
one, poor in surfactant is the oily phase.

by Winsor 1

This system is also hiphasic, but in this one the
inferior phase, poor in surfactant, is hydrophilic
and the superior phase, rich in surfactant, is the
microemuision,

¢) Winsor HI
Winsor 111 systemn has 3 phases, The superior
one is the oily phase, the inferior one i3 the

aqueons phase, and the medivm one is the
microemulsion.

d) Winsor IV

Winsor IV system
mmcrpemulision,

cerresponds to the

Characteristic of
formulated microemulsions

Theoretical approach

When large excess of hydrophilic phase s added
to the microemulsion, two kinds of behaviour
can be observed |

§ - Hydrophilic phase is incorporated very easily
and ditutes the system. The original system is a
solution.

2 - I after repose, we obtain & Winsor 1 sytem,
the original mix corresponds 10 & microenulsion
which is & thermodynamically stable system,
withy 4 minimum energy level and which refuses
the destabilisation by the excess of hydrophilic

© The Author.All rights reserved
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phase. The same study can be performed with
excess of oily phase. In this case we obtain a
Winsor I system.

Presentation of results (Fable 1)

All the tested formulations gave Winsor 11
systems. As you can observe by comparison
between the density values of inferior phase
against propylene glycol density values, some
components of the microemualsions have been
partially solubilized in the propylenc glycol.

This fact is confirmed by the evolution of the
microemulsion density. The superior phase we
obtain corresponds to the optimum combination
of the 4 components of the microemulsions.

CONCLUSIONS

The formulation of anhydrous microemulsion
using non ienic surfactant for oral use in softgel
capsule is possible,

However, some stability problems appear with
migration of shell water inside the £ill without
collapse of the microemulsion.

The water migration can induce major
medification of the shell characteristics, and the
development of microemuision containing smail
guantities of water which can establish an
equilibrivm with the shell water seems o be a
zood alternative to this problem.

This study has been performed with “placeho™
microemulision. Active drug will play an
important role especially peptides which exhibit
large steric hindrance, need specific pH, etc...

For the futuee, in collaboration with RP. Scherer
France, the developmewt of microemulsions for
softgel capsules will be carried on in order to
optimize the first obtained results,
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ultiple emulsions W/O/W constitue new vesicular systems. The
aim of this lecture is to present the results of different studies
performed in order to improve the knowledge and the control of

the emulsification process.

Due to the large number and diversity of parameters, mathematical matrix
have been used. Significative responses, considered as characteristics of
given multiple emulsion, and manufacturing formulation variables show,
quantify and elucidate the role and the importance of the studied

parameters.

omme & occasion & autres découvertes,
‘ Uintérét des émuisions multiples (EM) a

&€ muis en évidence fortaiiement. Alnsi,
il y a plusicurs dizaines d'anndes, un chercheur,
administrant 3 des animaux un vaccin présenté
sous forme d'émulsion 2 phase continue
huileuse, donc de viscosHé assez élevée, eul
{*idée, pour en faciliter Uinjection, de la
disperser extemporanément dans de 'eau.
L’ administration en fut facilitde, comme prévu,
mais i} observa ea ouire un phénomene
inattendu: les animaux traités avec cette
dispersion manifestérent tous un taux
d’anticorps supériear & celui obtenu avec le
vaccin présenté sous forme &’émulsion i phase
continue huileuse. Dispersée dans 'eau, cette
derniére avait donné, aprds simple agitation
manuelle de la seringue, une EM H/L/H
(Hydrophile/Lipophile/Hydrophile). L. antigéne
alors encapsulé, avail v sa libération ralentie du
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fait de la deuxieme interface L/H formée,
entrafnant en conséquence une angmentation
defficacité.

Ce résultat encouragea la recherche dans le
domaine thérapeustique. Ainsi, ce type de
systéme fut-il exploré par voie parentérale pour
améliorer 'action de certaing PA, tels des
anticancéreux, et par voie orale pour permetise
Padministration de divers dérivés telle
Pinsuding, dés lors préservée de action des sucs
digestifs. Cependant, malgré certains résultats
prometteurs, ces recherches fureat peu a peu
délaissées, du fait notanument de la stabilité
précaire de ces systémes qui n’execédait
généralement pas unc période de quelques jours
4 quelques semaines, ainsi gue du mangue de
fiabihité et de reproductibifité de teur obtention.
Depuis quelgues années, 1a recherche médicale
STorientant de plus en plus vers la mise au point
de systémes 2 action prolongée {targetable



delivery systems), I'étude des EM a repris. Flies
font actuellement Uobiet & assez nombreuses
publications portant notamyment sur des essais de
lib€ration réalisés in vitro mais anssi et méme
principalersent in vivo. Parmi les principales
classes de substances actives encapsulées en
phase interne ot émudibes sous différentes formes
dans fes 5 dernidres années, citons les anti-
inflamumatoires, antimiotiques, vasodilatateurs,
substituts  du sang, antiparasitaires,
anesthésiques, antalgiques...<i-15>

Ces émuisions destindes, comme il y a plusieurs
décennies, 4 fa voie orale ct/ou parentérale,
semblent bien &ire de bons sysibmes pour une
Hibération prolongée de ces principes actifs.

Par voie cutanée, en revanche, les EM ne font
Tobjel que de trés rares travaux publiés <16,17>
et leur effet aprés application sur 1a peau est
encore & évaluer, Les EM font cependant objet
d’un engouement indéniable de la part des
chercheurs de Iindustric cosmétique qui espirent
irouver des formes nouvelles, plaisantes, faciles
d emplod et hanterment performantes,

Lewr empiol dans ce domaine, pousrait Ste ausst
étendu que celul des 2 émulsions simples dong
elles dérivent, et an moins Squivalent & d’autres
systemes vésiculaires, tels les lposomes, dont
elles sont proches ; elles semblent en effet
présenter & peu prés les mémes propridids que
ces derniers. Ainsi, eles protégeraient une
substance active fragile, elles permettraient
d'avoir, dans une méme préparation, des
substances actives incompatibles, et surtout, elles
pourraient entrainer une libération contrélée de la
substance active introduite en phase interne avec,
en conséquence, une certaine substantivité aprés
application sur fa peau, et donc, une plus grande
efficacité,

A ce jour, st de trés nombreux brevets existent
<18>, moins de 6 formuies d"EM ont été
commercialisées, Ceci est dif notamuent & une
stabifité encore weés limitée et & un comportement
mial connu aprés application sur la peau,

En ce qui concerne nos travaux, nous leatons,
pour essentiel, de comprendre les phénoménes
&' énudsification, afin & avgmenter fa stabilité de
ces préparations, et nous nous efforgons
d apprébender leur mécanisme de libération, afin
d’optimiser puis de maitriser lears propriétés
potenticlles. Aprés une définition succincte de
ces systémes, nous nous limiterons icl 4 une
présentation de quelgues uns de nos résaltats
concernant  leur obtention et leur
caractérisation par le biais des plans
d’expérience.
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DEFINITION

Les EM sont des dmulsions dans lesquelles une
phase dispersée renferme une autre phase
dispersée. Par exemple, une émudsion H/L/H est
un systéme dans lequel des globules d’eau somt
eancapsuiés dans des globules d huile, ces
derniers étant eux-mémes dispersés dans une
phase aqueuse. De facon syméirique, i existe
des EM de type L/H/L présentant une phase
huilense interne dispersée dans des globules
agueux, eux-mémes dispersés dans une phase
huileuse externe,

Ces énuslsions étant constituées d'an moins deux
figuides non miscibles, leur réalisation nécessite
ia présence (" émulsionnants. En ¢'orientant &
Pinterface, les molécules de ces derniers,
appelés respectivement ADS T et ADS 11
forment un film assurant pendant un temps phs
ou moing long ane certaine stabilitd du systéme,
Dans ke cas IEM de tvpe H/L/A par exemple,
les motécules de VADS [ i tendance lipophile
sTorientent & Uinterface interne H/L et celles de
IADS I & tendance hydrophile & Uinterface
externe L/H, formant ainsi denx films
monomolécaiaires: les parties apoluires de
chaque émuisionnant song dans Uhuile et leuss
parties polaires soit dans la phase agueuse
interne, soit dans la phase aqueuse externe. il
s'ensuit que fes émulsionnants se disposent
sefon ure couche bimoléculaire aux interfaces,
formant alors avec huile Penveloppe méme de
la vésicule. Cette disposition est identique &
celie, mieux connue, des liposomes; mais dans
ces derniers, Penveloppe est constituée des seuls
émulsionnants, huile elle-mé@me étant absente.

OBTENTION

Contrairement & d'autre systémes vésiculaires,
fes EM n’exigent pas, pouwr leur formation, de
constitzants partiogliers.

Les huiles les plus {réquemment utilisées dans
les formes cosmétigues sont facilement
émulsionnables dans  ces  systémes:
hydrocarbures, huiles végétales, esters, et
d’autant plus que leur viscositd est Slevée. Les
agents de surface sont également d'un usage
courant; ce sont pour essentiel des
émulsionnants non ioniques & laison €ther ou
ester. Tl faut citer plus particulifrement les esters
de sorbitanne polyoxyéthylénés ou non, les
alcools gras oxyéthylénés, les copolymeres i
longue chalne d'oxyde d'éthyiene ot d oxyde de
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propylene, les esters de polyglycerol, les esters
de saccharose ot les agents de surface
polymeéres.

Dans nos EM, nous avens pu introduire, & cbté
des constitaants de base, de nombreux
épaississants, s0if ¢n phase agueuse, soit en
phase huileuse, afin d’augmenter leur viscositg,
voire leur stabilité. Ils correspondent
respectivement & des polyméres hydrophiles
(gomme xanthane, dérivés de la ccliulose,
composés carboxyvinyligues...} on & des
substances Lipophiles (cires, acides ou alcools
gras, sels ou dérivés dalumininm, dérivés de
silicones...), D’ autres matidres premigres, pour
Iessentie] des électrolytes, des conservateurs ef
des actifs tels le lactate de sedium, Vurée,
Uacide hyaluronique, ont pu &tre également
ajoutés sans trop nuire 4 la siabilité des
préparations <19-21>,

A condition de respecler certaines conditions
concernant le rapport entre los taux de VADS 1
et de ’ADS 1, le HLE de leur mélange, ot de ne
pas dépasser une certaine concemtration des
additifs, la nature des constituants ne semble pas
exercer une action importante sur le caractére
multiple et [a stabilité des émulsions. En
revanche, fe protocole opératoire, ainsi que les
principaux parametres de fabrication tels la
température, la durée d'agitation, iz vitesse de
cisatllement. ont une influence considérable.
’est pourquot nous étudions divers procédés de
fabrication parmi lesquels le procédé & double
étape (appellation insuffisamment précise en
toute rigueur puisque les aatres procédss
nécessitent également une double phase), e
procédé par dispersion d’une phase lamellaire ou
d’un isotrope hoileux dans Peaw et enflin le
procédé par inversion de phase (dénomination
impropre puisqu’il ne s’agit pas vraiment d'une
inversion de phase). Ces guatre protocoles sont
conduits de fagon pratiquement identique:

* Dans un premier temps, on réalise, soil we
émulsion simpile & phase continue hutleuse, soit
une phase lamelaire, soit un isotrope haileux.
Ces systémes sont réalisés 3 70-80°C, Peau,
"huile et les deux émulsionnants étant mélangés
& P"aide d'un agitateur 2 turbine de type
centripéte pendant environ 30 minutes,

* Dans un second temps, I"émauaision A phase
continue huileuse est versée lentement dans 1a
phase aqueuse, pour le pretocole appelé par
double étape, tandis que pour les trois autres
procédés, ¢’est 'eau qui est introduite
progressivement soit dans la phase lamelaire,
soit dans Fisotrope huilenx, soit dans I"émulsion
i phase cominue huileuse. La dispersion est
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réalisée également & Paide d’agitateur & turbine,
le plus souvent 4 une température de 60 & 70°C
peadant une durée <environ 30 minutes.

Bien évidemment chaque protocole présente des
avantages et des inconvénients. Parmi ceux les
plus facilement mis en évidence, i1 faut retenir
que:

(#) Le procédé par double étape (figure 1)
présente comme avantage dlavoir un
déroulement bien mafirisé. 11 est possible, en
théorie du moins, de fixer Ia quantité ¢ eau
interne. 1l a pour inconvénient d'étre peu
reproductible, ne serait-ce gu'k cause de la
deuxidme émulsification qui constitue une <lape
critique. En effet, I'émulsion primaire H/L, trés
visqueuse, est difficile & disperser, et lors de
cette Stape, 1l v a risque de rupture de certains
globules d'huile nouvellement formés avec, en
conséquence, le mélange d’une partie de Peac
interne avec Peau externe.

Figure n"I : Représentation schématique de lobten-
ton d'une énudsion multiple H/L/H par double dape.
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(ii} Le procédé par dispersion dans 'ean une
phase lamellaire (figure 2) présente comme
avantage de ne faire appel qu’h une seule
émulsification; la phase de départ est une phase
anisofrope ef thermodynamiguement stable, Une
limitation & ce procédé provient du fait gue tous
les ADS ne Torment pas de phase lamellaire.
Lorsque celle-ci existe, le HLB est sonvent
élevé, et ceci n’est pas souhaitable pour assurer
la stabilité d’ane EM. Enfin, la quantité d’huile
incorporée dans Ia phase lamellaire est toujours
faible, difficifement supérieure a 109,

(it} Le procédé par dispersion dans Peau d'un
isotrope hutlenx {figure 2) présente & peu prés le
méme avantage: il o’y a qu une seule
Emulsification; {a phase de départ est une phase
pure, stable et simple 2 oblenir, L'inconvénient




Figure 2 1 Diagrorne de phase cau-agent
de surface-huile
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principal réside dans ta faible incorporation
d'ean solubilisée dans les micelles inverses, i
aussi difficilement supérieure & 10%.

Les limites communes 4 ces deux procédés
tiennent aux quantités élevées en ADS. De plus,
du fait de la dispersion dans Peau de phases
dans lesquelles Peau initiale n’est pas
énslsionnée, it est difficile de savoir si de Pean,
apportée par la dispersion, s’est encore
solubilisée, et, st tel est le cas, de coanaitre Iz
guantité totate en phase interae.

(v} Le procédé par inversion de phase (figure 3)
présente comune avantage 4'8tre facile 4 réaliser
et de fournir un taux parfaitement conan de
phase interne comme par Ie procédé par double
étape. De plus, & la différence de ce dernier, i
est reproductibie. 1F présente toutefois
Pinconvénient de comporter lui aussi deux
émulsifications, et surtoul d’avoir une mise au
point délicate. En effet, un trés léger excds d'enn
suffit & transformer 'EM en émulsion simple
agueuse.

L.e protocole par double étape conduit dés
maintenant sous certaines condifions de
fermulation {nature et concentration des
émulsionnants, valeurs des fractions volumigues
des phases aqueuses interne et externe...) ef de
fabrication (température et modaiités
d’agitation...) & des EM H/L/H stables sur plus
de deux ans pour la formule type <22

Paraffine fluide 19%

Emulsionnant lipophile 3.2%

Ensulsionnant hystraphile 03,8%
MgS0, 0,56%

Fau déminéralisée gsp 100%
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Figure 3 : Représentation schématique de Fobtention
d'une émulsion meliipie HALZ par inversion de phase,

CARACTERISATION

Macroscopiguement, rien ne digslingue ung
Eémulsion multiple d’une émulsion simple. Agssi
comprend-on quil est possible de réaliser sur les
EM tous les contrbles classigues (sens, mesure
de la stabilité & différentes températores et & la
cenfrifugation, analyse granuloméirique...) mais
gu'en plus, i est indispensable deffectuer deg
conirdles spécifiques pour préciser notamment
le caractére multiple, le taux d'encapsalation et
I"sdentité” méme des EM.

* Pour le contrdle du caractére maltiple, le
recours & différents examens microscopigues
simples ou plus dlabords (microscopie & balayage
apres cryofracture par exemple} permettent da
noter fa présence ou absence de globules d’eau

Figure 4 - Cliché d'une dendsion muliiple obtenn au
micrascope électronigue aprés cryvofracture.
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& I'intéricur des globules d'huile (figure 4), et
dévaluer leurs tailles respectives (généralement,
dans notre cas, de guelques micrométres pour les
premiers & une dizaine de micrométres pour les
seconds), ainsi gue leur forme.

* Pour le taux Cencapsalation, encore appelé
rendement, il peut &tre fait appel & différentes
méthedes physicochimiques. L7objectif est de
s agsurer que fa substance introduile en phase
interne n'a pas migré dans i phase externe.

Cet essal est réalisé juste aprés la fabrication et
répéé au cours du temps. 11 peut &tre réalisé par
conductimétrie directement sur I'émulsion si la
substance encapsulée est de nature Slectrolytique
on encore par une autre méthode de dosage
approprié aprés dialyse par exemple.

* Pour une connaissance plus approfondie des
EM, le recours & des analyses rhéologiques
«23> constitue un moyen de caraciérisation
d'importance primerdiale. Leur trés grande
diversité leur permet en effet

(i} de caractériser 1o structure initiale de TEM,
en utilisant analyse viscodlastique osciliatoire
non destructive (régime linéaire de
microcisaillement), qut fournit une signature
précise de la structure au repos (figore 3),

{ii} de suivre son évolution au cours du femps,
soit par 12 méme analyse oscitlatoire, soit par
PVutilisgtion de tests d'écoulement permanent
(tracés de rhéogrammes), au cours desquels
I"application d'un cisaillement croissant,
constant et décroissant, permet de simuier un
vieillissement accéléré et de mettre en évidence
certaines phases de I"évolution temporelle de
'EM (floculation, rupture, inversion de
phase...}. A titre d"exemples, les figures 6 et 7
représentent fes rhéogrammes $'EM qui
subissent respectivement une déstructuration et
ure mversion de phase. A Pinverse, la figure 8
représente le rhéogramme d'une EM stable.

Ayant & notre disposition d'une part différents
procédés d'obtention A optimiser (notamment,
dans un premier temps celud par inversion de
phase) et 4 comparer en foaction des
caractéristigues des EM obtenues, et & autre part
de bons outils de caractérisation, les recherches
sur les EM peuvent &tre efficacement
poursuivies. Afin de Ia mener aw mieux, la
technigue gue acus utilisons actuellement est
celle des plans d'expérience (analyse statistique
de régression multiple).
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MISE EN OEUVRE
D’UNE ANALYSE
PAR PLANS D’EXPERIENCE

Cette analyse permet  obtenir des relations
quantitatives avec précision ef avec un minimum
&’ essais, entre les variables de fabrication-
formulation et les 1éponses de caractérisation les
plus significatives,

Les wbleaux T et 11 ainsi que les figares 9 et 10
illustrent, sur un exemple préeis, le principe et la
mise en oetvre dune telle analyse. 1l $’agit d’un
plan pour lequel 3 variables de fabrication-
formulation des BM ont été déflinies : le temps
dlagitarion 1, la fraction volwmique Fv et fa
congentration en émulsionnant kydrophile ¢, Le
tablenu I fournit lintervalle de variation de ces 3
variables, en valeurs réelies, ainsi gu’en valeurs
centrées réduites de fagon 4 pouvoir comparer
guantitativement feur influence respective. Le
tableau I présente la strocture du plan hybride
étwkié correspondant. Chacan des 11 points qui
le constituent est caractérisé par des “réponses”
qui sont principalement;

# le diametre moyen des globules multiples Dy,
ainsi gque leur écart-type, tels qu’ils sont mesurés
par analyse mictoscopique

* e rendement de PEM, déterminé par analyse
condactimdirique

* certaines grandewars rhéologiques osciflatoires,
telles le déphasage contrainte/déformation 5, le
module de cisaillement G* et la conirainte
eritique {Toje

# des grandeurs rhéologiques obteaues lors
d'analyse en écoulement, comme le seunil
d'écoulement T, ou encore fa viscosité pour une
valear donnée de a contrainte.

Dans un souci de simplification, nous ac
considérerons ici gue deux réponses parmi les
plus significatives, & savoir fa contrainte critique
(Toje et le diametre moyen D,

De fagon & caractériser 'influence du
vieillisserment sur 'EM, 'étude du plan a été
renouvelée & différents dges: ©q (Juste aprés
fabrication), t, {24 heures aprés la fabrication),
t; {1 semaine aprés la fabrication).

Le logiciel d"analyse statistique (LUMIERE)
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fournit les meilleurs ajustements guantitatifs
reliant fes réponses aux variables; il §agit de
développements de type polynomial de 1a forme:
Y= Ay constante

+A 1.{"“V'§“A2[+A3¢

+Ai2FV t:“’“Al:g]:“‘r’ C+A23 ic

fermes Hindaires
termes d’inferaction
ordre

APy Pvte terme dinteraction
d'ordre 2

A PV A {024 A (00 termes

guadratigues

Le tableau I fournit les valears des coefficients
de la régression aux différents fges ainsi que
'intervalle de confiance de !"ajustement. On
observe de fagon générale une trds bonne qualité
d’ajustement caractérisée par des intervalles de
confiance le plus souvent supéricurs 3 95%. Les
figures 8 4 10 résument graphiquement certaines
conciusions de Panalyse,

Pour Pessentiel, on peut noter:

(i) Pour Pévolution de (7,), en fonction de Fv &
-y (figure 93, un profil trds caractéristique qui
comporte deux zones de variation significatives:
* pour les valeurs réelles de Fv inféricures &
0,73 {6.5 en valeur centrée réduite), (1),
présente des valeurs trés faibles ef pratiguement
constantes: le profi parabolique observé pour
les faibles valeurs de Fv est lié am
développement polynomial utilisé et doit ére
interprété comme un palier,

* pour les valeurs réelles de Fv supéricures &
0,73, {T) augmente trés rapidement.

Ce comportement s’ explique par Panalyse
théorique qui prévoit gue e senil d'€coulement
d’une émulsion de particules sphériques
homogénes ne se manifeste gue pour des
fractions volumiques supérieures 2 0,74

(it) Pour I"évolution du diamétre moyen Dm en
fonction de v & fp, pour 3 temps d'agitation
différents (figure 10) :

* une déercissance de Dm oavee Fv. Ce
comportement pourrait s'expliqguer par le
process de fabrication: lorsque Fy croft, la
viscosité de Pémulsion augmente si bien que
I"agitateur, gui travaille & vitesse de rotation
inchangée, fournit ane puissance mécanicue plus
importante, ce qui pourrait se traduire, toutes
choses égales par ailleurs, par une diminution
des tailles des particules,
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* yne diminution de Dm avec le temps
d’agitation: 13 encore ce comporiement pourrait
§"expHguer par une augmentation de Pénergie
mécanigue mise en jeu

Cette analyse est trop spécifique ef limitée pour
en tirer des conclusions de portée géaérale.
Toutelols exemple présenté permet d’ores et
déja &’illustrer la mise en oeuvre et ta puissance
d’analyse et de prévision de la méthode des
plans &’expérience appliquée 4 I'éude des M.
Cette technique, développée de fagon
systématigue doit permettre:

% d’obtenir les conditions optimales e
fabrication-formulation assurant un readement
maximal ou une stabilité maximale ou encore le
meitleur compromis renderent-stabilité

* de définir les conditions particuliéres
permettant ¢ obtenir une EM de caractéristiques
donndes (Elasticied, viscosilé, granulométrie...)

Figure 6 ; Rhéogramme tradulsant une déstructuration sous Peffet du ciseillement.
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CONCLUSION se ferait soit par ruptie des globules huileux,

Certaines propriétés des EM &taient bien
connues depuis plusicurs dizaines d’années,
mais i lear obtention ni leur caractérisation
n’étajent matirisées. Des progrds trés importants
et méme décisils ont (8 réalisés récemment
dans ces deux domaines . 1 reste & confirmer et
& mettre & profit par des études rigourenses
Vintérét des EM. voire leur supériorité par
rapport & des émulsions simples, notamment en
tant que systéme 4 sction prolongée. Certaines
dtudes de libération réalisées in vitro et in vive
montrent en effet une libération de la substance
active infroduite en phase interne qui se
prolonge sur huit & dix heures. Cette libération

CEATE OE 1N
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soit par diffusion, soit par les denx mécanismes
i Ia fois.

Mettant & profit ces propriétés, de nombreux
brevets ont été déposés dés 1980 pour des
formes cosmétiques gui revendiguenti entre
autres des qualités hydratantes, anti-rides,
solaires, parfumantes & action prolongée. Depuis
1991, trois crémes - deux EM H/A/H et une EM
L/H/L.- ont été mises sur le marché frangais.
Tout laisse penser que de 11és nombreuses autres
suivront d'autant qu’elies possédent un toucher
tres agréable et gu elles sont directement
applicables sur la peau: point r’est besoin,
comme d'autre systémes vecteurs, de fes
disperser dans un véhicule aprés leur obtention.




Tableau n°l : Intervatles de variation des trois variables : Sraction volumigue, temps d'agitation ef concentration: en
agent de surface hvdrophile.

FRACTION VOLUMIQUE = Fy |
Valeurs réelles 06 1063 0,7 1077 08
Valeurs centrées réduites =2 00-141 0 el 4l 42
TEMPS D'AGITATION = t (minutes)

Valeurs réelles 5 9.4 20 130,61 35
Valeurs centrées réduites -2 -141l o 141 2
CONCENTRATION EN ADS HYDROPHILE = ¢ (%)

Valeurs réelles 1.5 2 2.5 3 3,5
Valeurs centrées réduites <21 0 1 2

Tableau n®Il : Structure du plan hybride.

N* Temps Fraction Concentration

d'expérience | d'agitation volumigue | TA hydrophile
t Fv C
| 0 0 -2
2 0 0 +2
3 -1,41 -1,41 +]1
4 +141 -1.41 +1
5 -1,41 +1,41 +1
6 +141 +1,41 +1
7 -2 0 -1
8 +2 0 -1
9 0 -2 -
10 0 +2 -1
11 0 0 0

Tableaw n®HI ; Valeurs des coefficients de regression

{tg) ¢ (Pa) Dm (um)
1] 0 el | oo
AD 15,28 114,86 17,75| 4,03 | 428 | 447
Al 10,39 110,38 | 14,85 | -0,71 | -0.40 . -0.35
A2 -0,38 0,38
A3
All 7,86 | 8,01 | 8,81 0,27

Intervalle de confiance
dans 1a régression (%) | 99,94 199,99 | 99,981 94,49 99,08 198,69
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Figure 7 : Ridogramme traduisant une inversion de phase sous 'effet du cisaillement.

1600 A

— {08, 0 T B

Y T
3 o

= -
~. to0.0
=

w 7,00

-

[N

-

S 50,00

£

[

[ ]

3 28,00 -

& i T " T : ] " i " ' " 1
) 20,00 40,00 H0.00 86.00 140,60 00,0
gradient (41/s)
Thae-E.07F COrri-MEd RICLRILIY 05 ~ RHED ~ S1104 PALATSEAY
FHYS . FrHARMACE T T oiE

Figure 8 : Rhédogramme rraduisant une stabilité sous U'effet du cizaillement.

© The Author.All rights reserved

29




CONTRAINTE CAITIQUE Tou ~ BV tps: -4 Bo/03/82
¥
FO.00-4—
E ag = 15,
al = ig,
B88.00+4 BE =
aigw .
4 Bif= 7.
/LR
50, 00+
40,00
30,004
&0 . 00
40,004
T . 1 " ,'62
-2, 80 -1.0¢ .00 i.00 2.8
Figure 9 : Graphe de l'évolution de ta contrainte critigue en fonction de la fraction volumique
OPTIMISATION FABRICATION EM 28/03/892

4, 46

4., 00

3. 60

3. 20

2,80

DIAMETEE MOYEN - FRACTION VOLUMIGUE

FECHIEN ¢ A $4PA3

REPONSE ;. Dm

NEVEAUX DE ¢t @

————— -2.00
e E—— 0o
B 2.00

~2,00

~1.00

B0

T

1.00

2.5h

Figure 10 Graphe de I'évolution du diemeire moyen en fonction de la fraction volumigiie.

© The Author.All rights reserved

30

BT, Gattefossd N° 85 - 198093




—

]

LA

~I

LIST OF REFERENCES

Pandit 1K, Mishra B.; Chand B,
Dirug Release from Multiple W/O/W Erulsions
Indian 1. Pharm. Sci. 49 {1987), Nr 3, 8. 103-5

Pandit J.K.; Mishra B.: Mishra D N
ChoudbaryP K.

in Vitro Release of Tndomethacin from Multiple
O/WH) BEinulsions

indians Drags 25 (1988), Nr 10, 5. 408-12

Borwanker C.M.; Pleiffer S Zheag 5.,
Beissinger R.1L.; Wasan DT, Segbal L.R.;
Rosen AL

Formulation and Characterization of a Mulliple
funulsion for Use as a Red Blood Cell Substitute
RBiotechnol. Prog, 4 (1988), Nr 4, 8. 210-17

Fukushima S.; Nishida M.; Nakano M.
Preparation of and Drag Release from W/AYW
Fype Double Enndsions Containing Anticancer
Agents Using an Oily Lymphographic Ageat as
an (il Phase.

Chem. Pharm. Bull. 35 (1987, Nr 8, 5. 337581

Omotosho LA Whateley T.L.; Florence AT,
Release of 3-fluorouraci! from Intramuscular
WIPAW Multiple Emulsions.

Biopharm. Drug Dispos. 10(1989), N 3, 8. 257-68

Omatosho LA Florence AT Whateley T.L.
Absorption an Lymphatic Uptake of

5- fluorouraci in the Rat Following Oral
Admintstration of W//W Multiple Emulsions
Int. . Pharm,, 61 (19903, 516

Omotoshe 1A Whateley T.5.; Florence AT,
Methotrexate Trapsport from the Internal Phase
of Multiple W/O/W Emulsions

I, Microencapsulation 6 {198%9), Nr 2, §, 18392

Oza Kamiesh Py Frank Sylvan G,

Drug Release from Ermulsions Stabilized by
Colloidal Microcristatiine Cellulose

1. Dispersion Sci, Technol. 14 (19893, Nr 2, §.
187-210

Mishra B.: Pandit LX,

Prolonged Release of Pentazogine from Multiple
YW Emudsions

Drg Dev. Ind, Pharm, 13 (19893 Nr 8, 8, 121730

1G Mishra B.; Pandit J K.

i

Multiple Water-Oil- Water Emudsions as
Prolonged-Release Formulations of
Penatazocine,

1. Controlled Release, 14 {19990% Nr 1, 5. 53-60

Omatosho LA,

The Bffect of Acacts, Gelatin and
Polyvinylpyrrolidone on Chioroquine Transport
from Multiple W/O/W Emulsions

Tt Pharm, 62 (1990, Nr 1,5, 814

Mathew M.; Thampi C. 8.

Evaluation of Multiple W/O/W Emulsions
Containing Terbutaline Sulfate

Fast Pharm, 33 (19900, Nr 385, 5, 1812

Fredo-Kwmbaradzi I Stapar M. Vuleta G
Simov AL

© The Author.All rights reserved

31

16

o

19

2

L)

+3
g

a3

Release of Sulfacetamide Sodim from
Multiple W/O/W Enmulsions.
Pharmazie 46 (19913, Nr §, 5. 607-8

Goto §.; Nakata K; Mivakawa T.; Zhang W,
ichida T,

Releasing Properties of Water Soluble Drug in
fiternal Water Phase of W/O/W Muliple
Fmulsions

Yakugako Zasshi 111 (1991, Nr 1. 5. 702-8

Fhang W.; Miyakawa T.; Uchida T.; Goto 8.
Preparation of Stable W/O/W Type Mudtiple
Fimulsion Containing Water Soluble Drugs and
in Vitro Bvaluadon of its Drug-Releasing
Properties

Yakugaku Zasshi 112 {1992), Nr 1, 8. 73-80

Kundu Subhas C.

Preparation and Evaluation of Multiple
Emulsions as Controfled Release Topical Drug
Delivery Systems.

196 pp. Avail. Univ. Microfilms Int., Order No
DASR4664 From: Diss. Abstr. Tnt,

B 1990 31 (1990, Nr 4, 5. 1763-4

Ferrebra L. Seiller M.; Grossiord J.L.;

Marty LP.; Wepierre I

Fmulsions muliiples hydratantes: Formudation
et Bvaluation,

Vieme congrés international APGI, Paris, Juin
1992

De Luea M.; Grossiond J.L.; Vaution C.; Seiller M.
Cosmetic Applications of the Multiplke
Emulsions

“The Multiple Emulsions”. M. Dekker, New-
York, 1992,

by C.

Emulstons Multiples H/L/H: Caractérisation
par Analyses Granulométrigue ef Rheologigue.
Mémoire de DEA de Biclogie Cuaiande et
Cosmétologie (Paris X1, 1991

Haynal S.

Emuision Multiple H/LA Triple Action:
Obtention et Libération des Substances
Encapsulées

Meémoire de DEA de Pharmacotechnic et
Biopharmacic {Paris X§, 1991}

Prybilski €.

Emulsion Multiple H/L/H Cosménigue: Hude
de Obteation et de la Libération

Mémoire de DEA de Biologie Cutanée et
Cosmétologie (Paris XI, 1990}

Grossiord £L.; Be Loca M. Vaution C; Seiller M.
fitude des mécanismes de libération d'un
principe actif entre les phases aqueuses inferne
et externe ¢’ une émulsion triple H/L/H.

Veme congrés international APGI, Paris,

Juin 1959

Grrossiord 1L Seiller M. Puisieux I

Apport des analyses rhéologigues dans Péde
des émulsions muliiples HAMH.

Rheclogica Acta, sousis & publication,

Mai 1992



© The Author.All rights reserved

a2 B, Guttetosse N® 85 - 1992493



NOUVELLES FORMES LIQUIDES A USAGE

OPHTALMIQUE
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M.S.D, CHIBRET - FRANCE

{1} B. Plazonnet, Centre de Recherche

¢ ahoratoires Merck Sharp & Dohme-Chibret
BP 134, Route de Marsat

63203 RIOM, France

a plupart des traitements employés pour les maladies oculaires soni
topiques. Le principe actif est donc déliveé trés prés de Porgane cible.
La formulation de ces préparations va modifier la qualité du contact

de la melécule avec le segment antérieur de oeil ef jouer un réle majeur sur
le temps de résidence de la molécule sur le globe oculaire.

Dans cette présentation, sont décrits les différentes approches de formulation
afin d’améliorer les performances des traditionnelles gouttes ophtalmiques.

rugs intended to treat eye diseases are
essentiaily delivered by fopical
# administration. Several bmporfant
consequences result from tiis infimate contact of
the active ingredient with the target organ. The
distribution by which a systematically
gdministered product is carried to the
orgasfissue/receptor(s) through the blood flow
is of l#tle or no importance. However, assuming
an iatra-ocular site of action, the properties
governing the passage through the membranes,
e.g. corneal gpitheltum, are critical. Amongst
these properties size, polarity, charge(s) and
partition coefficient arve of importance for the
transcorneal route, It should be noted that
although this route 1s described as the most
gommon, absorption via non corneal routes
might exist (1), Oace a drug is administered
from a drop instifled on the surface of the eye,
several events occur which drastically reduce its
eventual ccular bicavailability. A blinking reflex
might occur, inducing part of the dose to be
expelied [rom the precorreal area, There mav be
an excess of delivered liquid due & the Tact that
the conjunctival cul-de-sac can barely contain
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amounis larger than 15 -18 ul (2}, so that both
normal drainage in the lacrymal duct and
overflow onto the cheek will decrease the actual
amount delivered. The remaining part of the
active ingredient will be diluted by the tear flow,
gither from the normal tear turnover, or from a
larger one induced by irritation to the
drug/vehicle system, Moreover, 3 part of the
drug could be metabolized, bound 10 tear
proteins, or partly lost through conjunctival
absorption, Conjunctival absorption, absorption
following elimination by naso-lacrymal
pailways and ultimately disposition through the
pharynx, followed Dby gastro-intestinal
absorption of residual guantities, canse systemic
levels which may generate side effects. Aqueous
humor turnover into ocular blood flow, tissue
binding and drug metabolism are responsible for
the disappearance of intrancular driags.

The most critical factor in preventing drugs from
penetrating the eye or from remaining on the
surface of the eyeball, s the precorneal drainage
by tears. As the dosage form is placed into the
precorneal area, e.g. by instilfation, the role of
the pharmacist is fo design a formulation



resistant to dilution and drainage by the tears,
Competition between the transcoraeal
absorption, which is rather low, and the loss of
drug in the front of the eye, which in comparison
ts enormous, has been called the parailel
elimination loss pathway (3). A typical cxample,
e.g. pilocarpine, would give the following X
constants:

K loss o= 0.2 - 0.5 min’!

K absorption = 0.01 - 0.001 min!
hence K apparent Josses = K loss,

Therefore, two potential avenues towards
improving the balance between absorption and
loss can be seen; cither increase absorption or
decrease elimination. The ratio between the
two coefficients could lead to the conclusion
that increasing penetration might result in
substantially higher intraoccular levels.
Attempts were made to Tavor the paracellolar
pathways and other mechanisms of drag
absorption {4). Our group studied the effect of
Azone® (N dodecylazacycloheptan-2 one) on
the franscorneal penetration of the suifonamide
L-643,799, a topically active carbonic anhydrase
inhibitor (53 (Table 1),

Although the results obtained in rabbifs were
encouraging, it was found that they were linked
to changes in the corneal endothelium and
therefore associated with a potentially toxic
effect of the penetration enhancer {6}, Presently
there are no approved penetration enhancers for
the eye,

Table 1
Effect of 19% Azonew on pewdar levels of 1-643,799

Area under Curve g hr/g or mi

Vehicle Vehicle
1.5% HEC 1.5% HEC+
1% AZONE®
Cornea 288.4 3747
Aq. Humor i7.2 32.6
Tris + €. Body 80.0 62.7

HEC : Hydroxyethylcelluiose
Azones : N dodecylazacyclohephtan-2 one,
Nelson Labs.

Thus, the activity of scientists designing
ophtalmic formulations has mainly been
concentrated on modifying the excipienis of
active ingredient vehicle(s) in order to. decrease
the precorneal losses, However, the degree of
freedom available to the developmeont
pharmacist is very narrow, The eye is very

© The Author.All rights reserved

sensitive {0 irritation and very few excipients,
especially the more recent ones, have a well
established history of ophthalmic use. To be able
to determine the basic parameters of the drug or
to appreciate the influences of any vehicle, the
formulation pharmacist needs a system.
Equipments have been described using
membranes or excised comneas to separate donor
and acceptor compartments, thereby enabling
transfer rates to be measured. However, due fo
established knowiedge and ease of local
administration, in vive testing has been by far
the most commonly used procedure. The albino
rabbit is the most frequent animal used 1 assess
the bioavailability of ophthalmic drugs. The
paraineters meastred can be drug levels in tear
flnid or eye tissues, or a pharmacologicsl
response e.g. miosiy, mydriasis or intraocular
pressure,

Rubbits and humans do not have identical eye
physiology. The blinking rate and fear
physiology are of special concern when studying
ophthaimic formulations (2}, Pharmacological
response and non-invasive technigues like the
decay of fluorescence and of radicactivity can
be used in man and compared to data obtained in
rabbits, There is a general consensus that only a
low percentage of the instilled dose is actually
available to the eye tissues, hence the neced for
hetter systems to carry the drug to the receptors,
Tdeally, these systems should improve the
availability expressed as area under the curve of
drug concentration vs time both in terms of eye
tissue levels and duration of activity, However,
this might be seen as being too idealistic and a
compromise between these two parameters has
10 be reached.

Petrolatum ofntments, as well as solutions in oil
such as peanut oil or sesame oil, have been
described as prolonging Lo some extent the
activity of several drugs (7). Nowadays,
ointments are perceived as forms of mited use
pe. for bedtime administration since, like oily
solutions, they induce some blurring of vision.
The widespread use of plastic vials is also not
well suited to accomodate vehicles based on
oils, Microcmulsions (8), nanoparticies and
liposomes (9,10) are described as discontinnous
lipidic phases entrapping the active ingredients
and dispersed in a continuous agueous phase,
Although very atiractive, they have not yet been
demensirated to give safficiently improved,
permanent results to justify the development of
an industriaf process,
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The use of viscosifiers added to simple agueous
solutions has been and s still being extensively
studied and many of their individual
corribution(s) have heen scrutinized in animal
medels and man (1, 123, Ouwr group has studied
the effect of vehicle viscosity on the ocular
bioavailability in rabbits of 1.-653,328, a non-
selective beta blocking drug {13).  We observed
a clear concomitant increase in ocular drug
bioavailability expressed as area under the carve
for cornea, aqueous hwmor and iris + ciliary
body, with increase in viscosity of the instiflate
(see Table 21

Table 2 :

Maxirum concentrations of L-632,698 observed in
rabbit ocular sites after instillation of 19 [-653,328 in
HEC seiutions of different viscosities

% HEC Viscosity Cornea  Aq. Hris +
{eps)  (ugley Humor Ciliary

(ug/gy  Body

(ngfe)

0 1 EEN 4.69 7.99
6.2 9.8 645 4.22s R79
0.25 15.6 8430 423 1645
0.3 22.5 865 569 12.32
G.33 352 103480 568 12.10
0.4 511 1135 633 11.60
0.5 056 GR.7v 7.93 15,804

aMaximum at 1 h
b Magimum at 10 min

Al other values occured at (0.5 b post-institlation

The actual contribution of cach different viscous
polymer is alse dependent on the individuai
properties of each active ingredient. Drugs like
pHlocarpine or beta blockers, which easily
penetrate corneal barriers, might need less
contribution from the vehicle compared to
topical c¢arbonic anhydrase inhibitors,
Effectively, these emtities can exhibit pKa, hydro
and lipophilicity which are far from ideal.
Although it was stated (3) that changes of 1 to 3
orders of magnitude are needed o improve
ocular drug bioavailability, one might think that
since the hioavailability of ophthalmic drogs is
very low {a few percent of the administered
dose) (23, even g 2-fold increase would be
considerable,

The investigations conducted on polymers in
various ficlds of biopharmacy ied to the
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potential interest of bioadhesion in the delivery
of ophthalmic drugs (14}, Bioadhesive polymers
have been found to attach themselves fo the
mucin layer of the conjunctival surface by non-
covalent bonds {3). Our group has studied the
respective roles of viscosity and bioadhesion
using timolol as a model drug and polyaerylic
ackd (PAA) as a bioadhesive polymer (15}, The
regalar formulation of 0.5% Timoptol® was
compared with a formulation based on PAA, a
timolol polyacrylate formalation and a polyvinyl
aleohol non-bivadhesive formulation, The three
polymer-containing formulations had the same
viscosity, as measured with a Rheomat 30 rotary
viscosimeter, The results, expressed as area
under the curve, are shown in Table 3 and they
show that mucoadhesion could have a role in
ocular drig delivery. From our experience with
polyacrylic acid and timolol polyacrylate (15},
we conciuded that the improvement in drug
bioavailability was, under these conditions,
modest and of the same order of magnitude as
that already reported using viscosilying agents,

Cyelodextring were deseribed as increasing the
biocavailability of some drugs (16), especially
poorly soluble ones (173 The topically active
carbonic anhydrase inhibitor L-671,152 has &
reduced solubility above pH 6. The addition of
30 mg/ml of beta-cyclodextrin (BCX)} allowed
us (o solubilize 1.-671,152 in a standard
ophthalimic vehicle at 20 mg/ml and 15 mg/mi
{as base) at pH 6.3 and 7.0, respectively {18).
However, the formulations coataining beta-
cyclodextrin  induced lower  ocular
concentrations of the drug in rabbits, although
previous resulis have shown that, below ptl 7,
the ecular peneiration of L-671,152 increases
concomitantly with pH up to neutrality. Dialysis
studies of solution (B) showed that only 51%
unbound 1-671,152 compared to solution (A)
and these values were in excelient agreement
with the ratio of the areas under the curves
(Figure 1). One might speculate that the fraction
of the drug entrapped in the cyclodexrin was
not released fast encagh, compared to the
precorneal elimination of the formulation,
resulting in a overall decrease of the ocular
bioavailability of L-671, 152.

Agueous gels exhibit advantages over ointments
and viscous agueous solutions in terms of
retention of the active ingredients on the corneal
surface and manufacturing technology. Pre-
formed aquecus gels of very high viscosity have
already been used {19, but these gels are not



easily dispensed and induce blurred vision,
snggesting a bedtime administration, Phase
transition gelling systems consist of viscous
solutions in the vial and are transformed into a
gel in the conjunctival cul-de-sac. Several
properties can be used to effect this phase
transition e.g. change in temperature (200, pH
(21), or ion concentration. Our group has
investigated the latter mechanism and has
developed an ophthalmic vehicle based on
GELRITE®2 (22), GELRITE® ts a polysa-
charride low-acetyl gellan gum which gives a
viscous aqueous solution in delonized water and
forms clear gels in the presence of mono- and
divalent cations, The ion concentration necessary
to induce gelation varies with the cation. The
concentration of sodium in tears of 2.6 g/l is
particularly suited to cause gelation of the
material when topically instilled into the
conjunctival cul-de-sac. When comparing 0.25 %

Takie 3 :

timolo solutions made in hydroxyethyleellulose
and GELRITE® formulations of equivalent
viscosity in the rabbit, it was found that
GELRITE® produced significantly higher
intraccular levels at all time points (Figure 2).
Moreover, seintigraphic studies showed that the
tracer retention can be more pronounced in man
than in rabbit (23} Finally, controlled clinical
studies have demonsirated that a GELRITE®
vehicle can be of significant use in improving
the activity of timolol in man (24). Gelling
vehicies such as GELRITE®-based formulations,
have a definite potential as new liguid dosage
forms in ophthalmology.
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ALC {04 h) of timolol concentrations in ocular tissues of albing rabiizs after instillation of various 0.5% formudations?

{A) (B) () D) Statisticsb
Timoptol® PAA PAA PVA
Timolol
Corpea 259 559 56.3 732 ABCD
Aq. 271 4,06 5.03 7.29 ABCD
Humor
Iris + 3.51 4.80 7.93 6,43 ABCD
Ciliary
Body

* Expressed in pg. b ml” or mg. b, g

b Treatments compared separately for each region. Each ocular site had statistically
significant differences among treatments (P< 0.001). Areas were placed in ascending
order and compared statistically by the Newrman-Keu! test. Those not statistically higher

(P> 0.05) are connected by a solid line,

2GELRITE® is a rademark of Merk & Co, Inc.,
Kelco Division, USA.
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Figure 1

Effect of Beta-Cyclodextrin on
the Ocular Bioavailability of L-671,152
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PHYSIOLOGICAL &
BIOPHARMACEUTICAL
DSAGE FORM DELIVERY

CONSIDERATIONS PHYSIOLOGIQUES ET BIO-
PHARMACEUTIQUES DANS L’ADMINISTRATION

DES FORMES LIQUIDES.
C.G. WILSON

Department of Pharmaceutical Sciences, Royal College, University of Strathclyde,
Glasgow, GEHIXW, Scotland.

es formulations liquides sont largement développées pour
Padministration tant par voie orale, pulmonaire, oculaire que
d topique. ‘

L’absence d’étape de désintégration et/ou de dissolution, favorise une
réponse rapide aprés administration de la forme.

Cependant, dans le cadre d’une administration orale, le temps de résidence
gasirique est trés variable et est trés largement influencé par la prise
concomitante ou non de nourriture.

La technique de gamma scintigraphie, permettant de suivre la distribution
de molécules marguées dans le-corps, a permis aux scientifiques de mieux
appréhender le devenir de la forme galénique in vivo,

L’influence des repas sur ’absorption des molécules est étudiée et
notamment leur effet sur le temps d’apparition du C max.

Les résultats comparatifs d’études de gamma scintigraphie sur des aérosols
avee CFU et sans CFC sont également présentés.

iquid and suspension formulations are chosen to fllustrate the manner in which liquid
widely used to achicve an immediate and suspension formulations may be evaluated

s effect following dosing. The rapidity of in vive, The examples chosen illustrate work
action results from the relatively large area carried out in our lgboratories to evaluate and o
available for absorption compared to solid optimise drug formutations in man. The data
dosage forms and the avoidance of & lag phase collected are based on the application of gamma
needed w complele disintegration of the dosage scintigraphy o follow the behaviour of
form. All routes of administration are uiilised for radionuclide-labelled  preparations. A
liguid formulations although for the purposes of considerable advantage of this technique is that
this text, we will consider just two routes: oral the dosimetry associated with the mvestigation
and puhmonary delivery. These areas have been of deposition and transit carried out iﬁsing
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scintigraphy is usvally much less than by
fluoroscopy. The absorbed dose equivalents are
measured in millisieverts {mSv) and the whole
body dose equivalent from a gastrointestinal
transit stady wusing a Tc-99m-labelied
formulation would typically be igss than 0.5
mSv. It follows that due o the low dosimetry,
there are an increasing number of publications in
which scintigraphy has been utilised to monitor
transit of dosage forms, replacing old X-ray
methodology.

BEHAVIOUR OF DOSAGE
FORMS IN THE UPPER
GASTROINTESTINAL TRACT

information conceming the oesophageal transit
of conventional drug formulations is stili
somewhat sparse (Spilier 1986, Wilson ang
Washington 1989) aithough the problems
associated with cesophageal injury resulting
from the admindstration of oral dosage forms are
wel documented, Dirag induced oesophagitis has
been recognised as being a particular problem
following the administration of osmotically-
active solutes such as potassium chloride and
ferrous salts, and acidic or basic drugs including
guinidine-sulphate and non-steroidal anti
inflammatory agents (Kikendail et al, 1983).

Seintigraphic studies of the cesophageal transit
of liquid and seolids provide a more
physiological means of assessing oesophageal
transit and are capable of demonstrating
oesophageal spasm, stasis and gastric reflux
{Ham et al 1985, Klein et a2l 1984, Svedberg
1082, Tolin 2t al., 1979). The method i3
quantitative, noninvasive and involves minimal
discomfort to patients. A logical extension of
this diagnostic procedure is to assess the transit
of radio labelled tablets and capsules. Fisher and
co-workers pioneered the application of this
technique to look at transit of dosage forms
{(Figher ef al., 1982), complementing the
valuable data acquired by other workers over a
number of years using formulations containing
barium sulphate (Channer et al., 1986). The X-
ray techniques have been crivicised as it is
appreciated that the density of units containing
contrast agents will nsually be greater than
conventional formuiations; however, the
scintigraphic findings have generally confirmed
that cesophageai retention is surprisingly
common, particularly in the clderly.
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Table 1 .
Oesophageal Transit of Pharmacentical Formunlations
(Dot aedapted from Wilson & Washington, 1989)

Median  Posit® Ref.
Transit

Titne (s}

Fornudation

Oval {14mm x Ymm) Film-coated [> 306
Oval {1dmm x 9mm) > 300
Various sizes & shapes 8

Supine (2)
Supine (2}
Supine {3}

Oval (1dmm x Ymm) Film-coated 13 Frect i1
Crval (12mm x 8mm} 2 Hrect  (4)
Various 4 Ercct  (5)
Capsules

Hard gelatin, Size 2 10 Supine (2)
Hard gelatin, Size 2 10 Sugpine (2)
Hard gelating Size 2 % Supine (2)
Hard gelatin, Size O 45 Supine (2)
Hard gelatin, Size & 9 Supine {2)
Huard gelatin, Skze 4 9 Brect (43
Hard gelatin, Size 2 9 Frect (2}
Hard gelatin, Size 2 3 Frect (2}
Hard gelatin, Size & 3 Brect (3}
Hard gelatin, Size 0 9 frect {2}
Liguid,

20 ml 14 Supine {1}

{13 Mizon et al.; 1988, (2) Channer and Virjee 1985,
{3y Hey et al,; 1982, {4) Perking ot al.; vnpubilished {d)
Chanper and Viriee, 1986,

Az can be seen from the table, the degree of
retention s related both to the characteristics of
the formulation and whether the snject is erect or
supine. In a recent cross-over study where we
compared the oecsophageal ransit of small oval
tablets and capsules in elderly subjects (n=24,
mean age = (69}, retention oceurred in 22% of
subjects taking the cupsule but none swallowing
the tablet (Perkins et al., unpublished
observations). This data was vseful in selecting
the appropriate dosage form for an incorporated
material which had a risk of causing nlceration.
Tn the latter study the subjects were erect; when
the subject is supine, the Incidence of retention
is far higher. In situations where oesophageal
clearance is comprimised and the subject is bed-
ridden, palatable liguid and suspension
formulations offer the physician a sigaificant
advantage in the avoidance of oesophageal
injury.

GASTRIC RESIDENCE TIMES
OF LIQUID AND SUSPENSION
DOSAGE FORMS

5.7, Garefosss M 85 - {90203




The time for which a dosage form remains in the
stomach is extremely variable and is greatly
influenced by the concomitant intake of food,
The digestion of food causes a release of
secretogogues and activation of the myenteric
network. This causes an increase in duodenal
wall pressure which opposes the emptying of
solids by decreasing the calibre of the opening
of the pylorus, allowing a slow steady supply of
nutrients into the small intestine. During
digestion, the stomach sguirts 2 small amount of
semi-solid chyme into the duodenum at the end
of the contraction, expelling triturated particles.
For a suspension, gastric emptying will be
slowed by food, and the empiying follows an
exponential pattern (Figure £ .

Figure 1!

Gastric empeving of 20 mi suspension when given to a
group of fasted @} or fed (O} volunteers,

(mean + or - s.d; n=12),

3

% vemaiaing in stomach
o
2
;

0 1 2 3 4 5
Time after administration (hours)

As can be seen, the gastric half time for 20 ml
suspension is increased from | bour on an empty
stomach to over two hours when taken with a
meal of calorific valoe of 1700 kJ and 2 volume
of 400 ml. Small volumes of liquid administered
oralty also empty exponentially. The retention
time can be as little as within 5 minutes in a
fasted volunteer but this is greatly influenced by
posture. Larger isotonic loads, with a moderate
calorific value (350-400 kJ) have a gasiric
haiftime of between 0.75 - 1 hour,

The upper size limit for solid particles to escape
from the stomach in the fed mode is around 5 mam,
provided that the unit is resistant to gastric
disraption. The emptying of large inert particles,
however, may depend on their deformability by
antral contractions, since it has been observed
that hard nondeformable spheres empty more
slowly than softer compliant spheres.(Schlegel
et al. 1966}, For both solations and suspensions,
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the components of a meal conirol the rate of
gastric emptying. The major inhibitory factor is
the calorific valoe of the meal {carbobydrate and
fats) whereas the protein content inflzences acid
secretion through local secretogogue action.
Under fasted conditions, the calibre of the
pylorus is usually sufficient to allow emptying
of liguids whereas non-disintegrating objects are
retained until the onset of the house-keeper
sequence, (Code & Martlett, 1975). This
migrating myoelectric activity oceurs regularly
during fasted periods or within three hours of the
gastric emptying of a meal being complete. The
rise in peristaltic activity through Phase I
increases the chances of large indigestible
objects being emptied into the duodenum. Shape
of a tablet does not appear to be an important
factor influencing emptying in the fasted state,
and workers have found that no differences in
ihe rate of emptying of enteric-coated tablets
over a large size range, with 80% emptying of
the dose forms over the first 2 hours following
dosing. (Park et al., 1984}

For solutions and suspensions, retention will
also depend on density and posture. To illustrate
this importance of the interaction of these two
varfables, the gastric emptying of a floating raft
system is presented. Raft systems have been
considered by several workers as possible
platforms for extending drug release over
several hours, atlowing drug to percolate
threugh the docdenum. Gaviscon®, a raft-
forming aiginate product is widely prescribed
for the treatment of cesopbagitis and it was of
interest o examine the retention of this product
using scintigraphic techniques. The aim of the
study was to mimic the situation when the
patient retires at aight. Previcus sfudies
(Malmud et al., 1979; May et al., 1984) had
shown that alginate-based formmulations tend to
float on the other stomach contents when taken
with a liguid meal {Clinifeed). The gastric
emptying of two radio labelied aptacid
preparations was monitored by radio labelling
the Gaviscon with indium-113m and the liquid
meal  with  technetivm-99m  labelled
diethylenetriaminepentaacetic acid ( Bennett ef
al., 1985) Subjects were placed in 3 postures on
different occasions; supine, ying on their left
sides and lying on their right sides. The raft-
forming alginate formulation emptied faster than
the foed in subjects lying on their left sides, and
slower in subjects lying on their right sides.
{Figure 2)



Figure 2 ;

Gastric emptying of Te-99m labelled meal and n-113m
Inbelled Gaviscon with sufiects Iving on their right or
left sides. Bars show the remge of observations (n=3)
{Adapted from Bennett er al,, 1984),
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With subjects lying on their right sides the
floating alginate laver was towards the greater
curvature of the stomach and thus away from the
pylorus. Only when the volume of stomach
contents was relatively low was the alginate able
te pass into the duodenuam. The opposite
siuation occurred in the subjects when they lay
on their left sides. Part of the alginate layer was
between the food and the pylorus, and thus
empifed preferentially. In the supine posture, all
3 preparations had similar access to the pyloric
aptrum and emptied at approximately equal
rates. Thus the efficiency of a raft-based system
for prolonged delivery is probably aot suitable
for nocturaal dosing.

PULMONARY DELIVERY

Liguids and suspensions are also used for the
administration of drugs by other routes for
exampie the lung using devices capable of
generating an acrosol cloud. The effectiveness
of pulmonary drug delivery from a device is a
function of the amount of drug delivered to the
appropriate site in the lung. In general terms,
aeresols with a mass median aercdynamic
diameter (MMAD) of 3-3 pun are considered
optimal for drag delivery to the upper airways
and small bronchi whereas a lower MMAD of
0.8-3 um s considered optimal for the treatinent
of parenchymal disease. Nebulisers are widely
used to deliver drugs to the alveoli and smalier
abrways and gamma scintigraphy has been useful
in determining the respirable fraction from
different instruments,
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Pulmonary delivery with metered dose mhalers
have also been investigated using technetium-
99m labelled particulates including Te-99m
labelled Teflon spheres {Newman et al., 1982).
Gampa scintigraphy was used by our
laboratories around the same time for the
assessment of salbutamol deposition using a
technetiumn-99m labelled phenyl arsonium
complex in dogs (Malton et al., 1982} but there
was insufficient toxicity data w proceed to man.
Two recent introductions have caused us o re-
evaluate the delivery of drug by metered dose
inhaler; the introduction of highly lipophilic f2-
adrenoreceptor agonist drag, tlobuterol, used in
the treatment of asthma and the availability of a
new imaging agent, technetium-99m labelled
hexatethy] propylene amine oxime (F9mTg-
HMPAO)} Tulobuterol base is sofficiently
lipophilic to dissolve in trichiorofluoromethane
{propetlant 12), a component of the propeliant
mixture contained within a M.D,1. The high
lipophilicity of #9mTc.HMPAO which also
dissolves in propellant 12 allows us to safely
mimic the behaviour of such drags in man and
study the deposition following actuation of a
metered dose inhaler (Ashworth et al,, 1991),

Figure 3a

CENTRAL
LUNG TISSUE
A — mw»..ﬂ\

PERIPHERAL
LUNG TISSUE
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pressare (LVPA} aerosols. The deposition
showed that a lower proportion of the dose was
swallowed for HVPA compared with LVPA,
Additionally, the results obtained confirm
previous observations that greater than 40% of
the marker achieves pulmonary deposition when
disgolved in the propellant phase.

CONCLUDING REMARKS

The technigues now available 1o the
pharmacewtical scientist arc able to graphically
and quantitatively demonstrate the behaviour of
liquid and suspension formudations in man. The
availability of scintigraphy in an increasingly
farge number of laboratories throughout Hurope
will lead to more informative trials and no
doubt, to the development of new applications
for Hoguid and suspension dose forms.

~- STOMACH

Figure 3b

Figure 3o and 3

Krypton-81m {a) and Te-9%m HMPAQ (b} images for
subject taking part in g study of the behaviowr of
metered dose inhales (from Harnor et ad., in presa).
Fig, 3a shows faner and outer regions of interest used
to assess extent of peripheral deposifion.

Reprinted with permission of the copyright holder,

The techaigue we use is 1o image the periphery
of the lungs by inhaling the shortlived gamma
emitter krypton-8lm (T1/2=13 seconds). With
the subject remaining in front of the gamma
camera, the subject inhales from a metered dose
inhaler containing the radio labelled preparation.
The deposition pattern of the aerosol can then be
compared with the image obtained for the gas
and the extent of peripheral deposition assessed
(Figure 3)

in the frst study (Ashworth et al, 1991), the
effects on deposition of varying the size of the
delivery orifice and the attachment of a spacer
were assessed. Without the spacer, on average,
39% of the dose was deposited in the lungs, with
15% penetrating into the small airways and
alveoii. Attachment of the spacer to the
mouthpiece increased the mean lung deposition
to 57% and reduced oropharyngeal deposition .
The second study (Harnor et al., in press)
examined the deposition patterns for high
vapour pressure (HVPA) and low vapour
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SELF-EMULSIFYING DRUG
DELIVERY SYSTEMS (SEDDS) FOR
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340 Kingsland St Nutley, NI O7110

1 Ta whom correspondence should be adressed

es SEDDS sont des mélanges isotropes d’huile et de tensio-actif non
ionique. Leur intérét majeur est de former une émulsion H/E fine
i.d (sous faible agitation) lorsqu’ils sont mis en présence d’un milieu
aqueux. Cette propriété est mise a profit pour améliorer la vitesse et
Pampleur de la dissolution de molécules faiblement hydrosolubles ainsi que
pour obtenir une meilleure reproductibilité des concentrations plasmatiques.,
Dans cette étude, les SEDDS formulés avec des glycérides polyglycolysés
associés o différentes huiles, sont évalués en retenani comme critére la
distribution de taille des globules huileux formés, la vitesse de dissolution
des PA dans la phase aqueuse, et le cocfficient de partage de la molécule
dans ces systemes.
Les études in vitro ont mis en évidence les performances d’un glycéride
polyglycolysé de HLB 10. Les études in vivo (chez le chien) ont confirmé ces
résultats et ont démoniré que les SEDDS, non seulement amélioraient la
biodisponibilité des molécules mais limitaient aussi les variabilités inter-
sujets.
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INTRODUCTION

Self-emulsifying drug delivery sysiems
(SEDDS) are isotropic mixtures of an oil and a
non-ionic emulsifier. One feature of these
mixtares is their ability to form fine oil-in-water
emulsions with only gentle agitation when
exposed (0 aqueous media. This property makes
SEDDS good candidates for the oral delivery of
hydrophobic drugs. After oral administration of
soft gelatin capsules, SEDDS readily disperse in
the stomach to form a fine emalsion; in this
case, the digestive motility of the stomach and
the intesting can provide the agitation necessary
for self-emulsification {1,2). At a given
temperanure, self-emulsitication occurs when the
eptropy change that favors dispersion is greater
than the energy required to increase the surface
area of the dispersion {3). The performance of
SEDDS is dependent upon two main factors:

#) the ability of the self-cmulsifying mixture fo
form an emulsion of fine particles (i.e. < Sum}
with a uniform size distribution; and b) the
polarity of the resulting oil droplets to promote a
fast rate of release of the drug into the agqueous
phase. The efficiency of emulsifiers in SEDDS
is commonly related to their ability to form fine
droplet size of the emaulsion on exposure
water, having polarity favoring faster rate of the
drug release (2.4,3), For drugs subject to
dissohution rate limited absorption, SEDDS may
offer tmprovement-in the rate and extent of
absorption, as well 45 in the reproducibility of
the blood level-time profile {(4,5). SEDDS
containing medium chain monoglycerides
(Capmd MCMO0) and PEG-23 Trioleate (Tagat
TO) have been reported to form small
(submicron) droplet oil-in-waler emulsions
(4,6,7).

THEORETICAL
CONSIDERATIONS

The efficiency of SEDDS depends on two main
factors: 1} uniform fine particle size of oil
droplets on exposure to agueouns madia; and 2)
the polarity of the resulting oil droplets. Both
properties control the rate of release of the drug
from the oil to the agueous phase,

Once gxposed to the agueous phase, SEDDS
form oil-ip-water (Q/W) emulsions. The
resudting ofw emulsions produced by SEDDS
tend to be thermodynamically more stable than
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regular emulsions. There are two factors that
favor emulsion stability in the case of SEDDS:
1) relatively small volume of the dispersed oil
phase, and 2} narrow range of droplet sive
distribution. For a given combination of
componeénts, emulsions with small, uniform
droplet size will tuke fonger to break. Larger
droplets are less unstable than smaller droplets
due to their larger area to volume ratio, and so
will tend to grow at the expense of the smaller
droplets (83,

The smaller droplets will have a larger
interfacial surface area per upit volume. The
diffusion path for a drug will decrease with the
reduction of the radius of the droplets.

Another important factor for the performance of
SEDDS is the polarity of the il droplets. The
polarity of the oil droplets is governed by the
hydrophile-lipophile balance (HLB), the chain
tength and degree of unsaturation of the faity
acid, the molecular weight of the hydrophilic
portion and the concentration of the emulsifier.
The combination of small droplets together with
the appropriate polarity {lower PCupy of the
drugy of the droplets will permit an acceptable
rate of release of the drug. Polarity of the oil
droplets is also estimated by the oil/water
partition coefficient (PCupy) of the lipophilic
drug.

A schematic representation of the drug release
from emulsion is shown in Figure 1. The amount
of drug diffused at dme t, Qt, from the oil
droplet to the aqueous enviromment is primarily
a function of the radius of the droplet, v, which
is a reflection of the surface area and the
partition coefficient, K (polarity), which reflects
the affinity of the drug for oif and/or water and
the type of forces formed. A picture of an ideal
SEDDS indicating Hs maximum efficiency on
exposiae to water is shown in Figure 2.
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Figure | Drug Diffusion from O Droplet.

U

£

A

Q= 1K}
Q, = Amount of Drug Diffused at time ¢
r = Radius of the Droplet

K = Partition Coefficient

Figwe 2 -

Photograph of an ideal Self-Emulsification.

Ay =0 min, BYi=2 min.

EXPERIMENTAL
Materials

Lipephilic model drug: Ro 15-0778, &
naphthalene derivative, with low water
solubifity, < 0.01 mg/mlb, and high peanut ol
solability, 95 mg/mly

Vegetable oils « Peanuwt Oil {Ruger, Irvington,
NI and Croda, New York, NY), Neobee M5
(Stepan Co., Maywood, NJ),

Non-tonic emulsifiers: A) Glyceryl Mono-
caprylate/caprate {Capmul MCM9S0, 90%
monoglycerides of medium chain fatty acids,
Cy-Cp) (Karishamns USA, Inc. Columbus, OH)
and B} Polyglycolyzed glycerides, see TABLE L,
Non-ionic surfactants : A) Polysorbate 80 (ICT
Corp., Wiimington, DE} and B) PEG-23
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Glyceryl Trioleate (Tagat TQ) (Goldschmidt
Chemical Corp., Hopewell, YA},

All materials were used as received.
Fermulation for SEDDS : The formulation of
il solution for SEDDS is shown in TABLE 1L
A 560 mg formulation was filled manuaily with
2 syringe in a soft gelatin capsule and the
resulting hole was sealed with heat.

Methods

Release Rate Determination: USP XXII,
Dissolution Apparatus 2 {Van-Kel Iadustries,
Inc.) was employed to obtain the release of the
drug from the oil to aqueous systems. Soft
gelatin capsules confaining the SEDDS were
placed in copper coils to keep them at the
bottom of the dissolution vessel, which was
filied with 900 ml of 5% agueous solution of
Alkamuls BL-719 (from Rhéne-Poulenc) at
37°C. A fine emulsion is formed by gentle
agitation provided by the Tefion-coated
dissolution paddle, rotating at 50 rpm. The
emuision was filtered through a 0.2 um
millipore filter and analyzed by UV at 298 nm.
(UV DU®-65 Spectrophotometer).

Emulsion Particle Size Measurement: The
particle size of the emulsions obtained were
determined using a Malvern Particle Size
Analyzer, Model No. 2600, 63 mm lens
(Maivern, UK). The particle size distributions of
the resultant emulsions were compared with the
apparent volume-average diameters of 50
percentile D{v,0.5). Efficient emulsification was
arbitrarily defined (in the same fashion as
Charman, et al.{4)) as a system which produced
mean emulsion droplet diameters (MEDD)
values of D{v0.5) < 3ium.

Partition Coefficient : Equal amounts of
formulation and aqueous solution of 3%
Alkamuls EL-719 were mixed for 1 hour on a
Glas-Col Laboratory Rotator, Speed 4,
centrifuged and each phase difuted appropriately
and analyzed for drug content by UV
spectrophotometry at 298 nm.



Tabie I ;
POLYGLYCOLYZED GLYCERIDES

Emulsifier Gil/Main Faity HLB
PEG Glyceride Acid in Glyceride
Fabrafil® Corn ail/ 3-4
M2125C8 Linoleic Acid, Cen
Labrafil® Agricot Kernet oil/ 34
M 044 CS Qleic Acid, Cua
Labrafac® Hydro MCT/ 4-5
Capryhic & Capric Acids
Labrafac® CM 6 MO 6
BM 290 Caprylic & Capric Acids
Labrafild® Corn Gi¥/ 6-7
WL 2609 BS Liroleic Acid, Ciz
Labrafac® CM 8 MCT/ 8
BM 284 Caprylic & Capric Acids
Labrafac® CM 10 MCT/ 0
BM 287 Caprylic & Capric Acids
Labrafil® M 10 Cora Oilf 0
BM 355 Lincleic Acid, Cisa
Labrafii® NA 10 Apricot Kerel il i0
BM 369 Oleie Acid, Crgs
Labrasol® MOTY 14
Caprylic & Capric Acids
MCT = Medium Chain (Ce-C,g) Frigiycerides from cocomit cil,
Table 1 :
Formulation of SEDDS
Ingredients f il £
% WIW % WIW %o WIW
Lipophilic Druog (Re 15-0778) 5 5 3
Polygiveolyzed Glycerides 5-60 - -
Medivm Chain Mono- and - 17 -
diglycerides (Capmul MCM90)
PEG-25 Glyeeryi Triojeate - 30-60
Polysorbate 80 - 5 -
Peanat oilfNeobee Oil, .8, 100 160 160

Hlattafaoed o o

© The Author.All rights reserved

48

BT, Ganetossé N° 83 - 1992793



RESULTS AND DISCUSSION

Polyglycolyzed Glycerides (PGG) were
investigated for their utility in SEDDS. A
comparison of the efficiency of PGG in SEDDS
was made with previously iavestigated SEDDS
containing mediuvm chain monoglyceride
{Capmul MUMS0) and PEG (25) Trioleate
(Tagat TO).

The formulations used in the evaluation of PGG
in SEDDS over a range of PGG content are
described in Table 11 Figures 3 and 4 show the
effect of fatty acid chain length and the effect of
molecutar weight of PEG in the giyceride,
respectively, on the release of the drug. A long
chain length of fatty acid in the glyceride
(Labrafil® WL 2609 BS) leads to a more
lipophilic enviromment, whereas a medivm chain
length of the fatty acid in the glyceride
{Labrafac® CM 10 BM 287 or simply
Labrafac® CM 10) offers a less lipephilic
system. The arrangement of the lipophilic
portion of the PGG with the ofl phase and the
polar heads with water gives an encrgetically
more favorable sitwation than complete solution
in either phase, and therefore, tends 0 be more
efficient in releasing the drug. Also, within the
same fatfy acid chain fength but with different
molecular weights of PEG, e.g. Labralil® WL
2609 BS was less Hpophilic than Labrafil® M
2125 €S resulting in 2 different rate of drug
release.

)
Figure 3

S ((.”!e) B ) Laeratan

The achievement of “adequate” polarity of the
resulting il droplets permits an acceptable rate
of release of the drug. Figure 5 illustrates the
polarity in terms of HLB; PGG with an HLB
about 10 gives the best resalts in terms of drug
release. However, an HLB around 10 (Figure 6)
needs to meet some qualifications, Le. it should
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be obtained by appropriate combination of fatty
acid and PEG, Labrafac® CM 10 provides a
faster drug release than either Labrafil® M 10 or
Labrafil® NA 10 due to the medivm chain
length (Cyg-Cygy of the fatty acid present in its
composition. Drug release was slightly faster
with Labrafil® M 10 than with Labrafil® NA
10, This can be explained by the degree of
ungaturation present in the fatty acid chain
tength between Labrafil® M 10 (Cig.z) and
Labrafil® NA 10 (Cg). Unsaturation present in
the fatty acid molecule is predisposed to be more
polarizable.

Figure 4
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Figure 7 illustrates the role of the emulsifier
(Labrafac® CM 10} concentration for efficient
SEDDS. The higher the concentration of the
emuisifier is the smaller the droplet size of the
emulsion and the faster the release rate of the
dimg. Figure 8 shows the relationship of parition
coefficient with release rate as a function of the
emulsifier Eabrafac® CM 10 concentration. The
results ingicate that the formation of a fine particle
size emulsion together with lower partition
coetficient (PCojw) of the drug from these oil
droplets are the prerequisites for the optimum
efficiency of SEDDS in terms of drug release.
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it was observed that drug release from
formuiations containing Peanut Oil or Neobee
M5 was slightly different (Figure 9). This
difference is explained in terms of the
compositions of the two oils: Peanut Oil
contains saturated and unsaturated Cyg fatty
acids, whereas Neobee M5 coatains medium
chain saturated Cy-Ciyg fatty acids.

Figure 7
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Figure 9
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Additiopal experiments were conducted to
corroborate the influence of each component on
the efficiency of SEDDS and to provide
information indicating the best formulation
{small- dropler size, maximum in vifro
dissolution). A phase diagram can be used to
establish the optimum concentrations of the
drug, oil and emulsifying ageat (Figure 10). In
region A, good self-emulsification occurs, this
area represents an isotropic mixfire. A good
emulsification is related to the mutual solubility
existing between the oil in water and vice-versa,
Region € is especially dependent on the
emulsifier, since, polyglycolyzed glycerides are
predisposed to form liguid crystal dispersions
with the oil. Thig leads to a more difficult
penetration of the water into this system, and
hetce, the efficiency of SEDDS is diminished.
In region B, poor SEDDS are expected begause
the dreg concentration exceeds its solubility.

Figure 10
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Figure 11 shows that Giyeeryl Monoesters
appear to be comparable to Polyglycolyzed
Glycerides (PGG) as effective emulsifiers
for SEDDS when an auxiliary surfactant, for
the formation of efficient SEDDS, is added.
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The presence of an auxiliary surfactant
Polysorbate 80 was necessary to assist Capmul
MOCMO90 in enhancing the release of the
lipophilic dreg from SEDRDS. Capmul MCM90
along even at higher concentrations, does not
provide for efficient SEDDS. In contrast, the
addition of an auxiliary surfactant was not
required for Labrafac® CM 10 or Tagat TO,
This behavior could be attributed to the fact that
Capmul MCMO90 is less hydrophilic emulsifier
(HLB about 5) consisting of only one mole of
glyecerol and satarated fatty acid. When
Polysorbate 80 {polyoxyethylene (20) sorbitar
monooleate] is added, a more hydrophilic
enviromment is attained resulting in a reduction
of the surface tension between the oil and water,
and “adequate” polarity. In the case of
Labrafac® CM 10 and Tagat TO, the presence
of a satisfactory chain length of PEG in the
molecule provides adequate lipophile-
hydrophile balance.

The efficiency of SEDDS for in vitro dissolution
and in vive absorption was compared to three

other dosage forms: 1) 2 1.2% drug solution in

Figure ]

100
90 -

B0 -

% Released in 680 min.

20 F

\

PEG 400; ii} a tablet of the micronized drug; and
ity a capsule of 35% wet-milled spray dried
powder at a 200 mz dose level. In vifro
dissolution profites of these dosage forms and
SEDDS are shown in Figure 12. A single oral
dose of 200 mg of each formulation was orally
administered to non-fasted male beagle dogs.
The plasma concentration vs, time profiles are
shown in Figure 13, The superior performance
of SEDDS compared to the other dosage forms
is clearly apparent. In vive absorption dula
showed at least three-Told greater C,, and
AUC with SEDDS than with the other dosage
forms (Table T1I). BEven though the in vitro
dissolution rate from PEG 400 solution was
faster than that of SEDDS, in vive absorption
data showed greater C,,,, and AUC with
SEDDS. Drug in solution in PEG 400 could
possibly have precipitated out during in vive
administration. During in vitre dissolution
studies, precipifation was not observed due o
the presence of surfactant in the dissolution
medium, These data clearly demongirated the
utility of SEDRDS in improving oral absorption
of lipophilic drags.

Figure
to Lhe emulsifiar.

C

sorbate 80; €. Labratoc CM 10 (60%):
B8O, K Tagat TO (BO%) F Tagat TC (B0%) + Polysorbale 80.
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11 Effect on drug release after the addilion of 5% of Polyzorbate 80
A Capmul MCMOC (17%)

;B Capmul MCM90 {17%) + Poly~
D. Labrafac CM 10 {60%) + Polysorbate



Figure 12
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Figure 2.

in vitro disselution prefiles of the drug from different formuistions.

{ @ ) SEDDS; { v ) 1.2% Solution in PEG 400; ( 4 )} Capsule containing wet-milled
spary dried powder; { @ )} Tablet containing miecronized drug.

Figure 13

PLASMA CONCENTRATION {ug/ml}

@
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TIME {(HRS)

Figure 13, Mean Plasma Concentration of Re 1560778 in non-fasted dogs after

oral administration of four different formulations,
solution of PEG 400;
{ B ) Tablet coniaining micronized drug.
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(@ ) SEDDS; { % ) 1.2%

{ & ) Capsule conteining wet-milled spray dried powder;

B.T. Gartefossd N© 85 - 1992491



Fuble I

Bharmacokinetic parameters of Ro 15-0778 from different formularions in non-fusting dogs.

FORMULATION Crnax tnax AUC % RELATIVE
tgfml hours ug Hr/mi BIOAVAILABILITY
Self-Emulsified 5.57 2.50 2977 389.0
Solugion {SEDDS)
Drug Solution in 1.44 2850 7.64 100G
PEG 400 {Control)
Capsule Form. of 0.78 3.08 2.69 353
Wet-Milled Spray
Dried Powder

Tablet Form, of 0.58 2.00 1.32 17.2
Micronized Drug

CONCLUSIONS

Polvglveolyzed Glycerides (PGG)Y with varying
fatty acid and polyethylene glycol (PEG) chain
lengths have shown their ability to produce the
self-emulsification of oil in water. The
performance of self-emulsifying drug delivery
systems {(SEDDS) is governed by two main
factors: a) the ability of the self-emulsifying
mixtare to form an enudsion with uniform fine
particle size droplefs {i.e., < 5um): and b} the
polarity of the resulting oil droplets which
permits z faster rate of release of the drug into
the agueous phase.

The chain length and wasaturation of the fatty
acid, as well as the molecular weight and
concentration of PEG in the emulsifier,
influnence the droplet particle size and droplet
polarity in the emulsion and thus the drug
refease. An HLB of the emulsifier, around 10,
gives the best results in terms of drug release.
However, this HLB aceds to meet some
gualifications, i.e.. it should be obtained by an
appropriate combination of fatty acid{s) and
PEG.

In addition to the above factors, small particic
size and drug release rate, the partition

© The Author.All rights reserved

coefficient {Table 1) was fouad important
parameter to be considered for the evalvation of
the efficiency of SEDDS. The smaller the
particle size of the oil droplets and the lower the
PCopw. the more efficient will be the SEDDS.

SEDDS containing PGG, such as Labrafac®
CM 10, were comparable to those with Capmul
MCM90 plus Polysorbate 80, and PEG-23
Glyceryl Trioleate {Tagat TO) for their
cfficiency and stability,

In in vive abscrption studies in dogs for a
lipophilic drug, SEDDS gave at least a three-
foid greater Cypay and AUC than either the drug
in solution, a tablet of micronized drug or a
capsule of wet-milled spray dried powder.

The data presented bave shown that SEDDS
provide a most efficient way of improving the
oral absorption of a lipophilic drug.
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INFORMATIONS DIVERSES/
ISCELLANEOUS INFORMATIONS

DERMSEARCH

A NEW RESEARCH HUB FOR BIOPHARMACY

AND PHARMACEUTICAL TECHNOLOGY IN THE CLAUDE BERNARD
UNIVERSITY

{ he Lyon I University Pharmaceutical Technology research
laboratory has joined forces with a British Pharmaceutical
Chemistry laboratory to set up a technological hub providing
assistance to manufacturers active in the sector for the development of new
products.

Pr.Francoise Falson and Pr. Jonathan Hadgraft, Directors of
DERMSEARCH, explain how they have built it:

Pr F. Falson: understanding of the fundamental principals of
diffusion with model of molecule interactions.
“The research laboratory that [ created in Lyon | Set up jointly EZUS, Filiale de Valorisation de ia
speciatises in absorption modulators which permit Recherche de [’"Université Lyon 1,
controlled diffusion of active substances in DERMSEARCH is a new technology hub
CUIReUS SHUClUres, desizned to pool the complementarity facilities of
This work started previously with H.M. both faboratories; it constitutes a driving force in
Crattefossé in the Transdermal research unit that | the field of pharmaceutical technology.
conducted in the Iaboratory of Professenr ¥, It is really my pleasure o introduce you Jonathan
Puisieux ( Paris XI University ). Taking a Hadgraft and let him fadk about his research.”
Professor position in UCB Lyen }in 1990, 1
transposed my work creating a laboratory in good Pr. J. Hadgraft:
agreement with the traditional Ecole Lyonnaise
de Dermopharmacie et Cosmétologie. “My father had an interesting edocation, at school
From 1933, many scientific persons have been he was more interested in the arts subjects and
interested with skin in Lyon: Dr. H. Jonguidres, was progressing through the school in Bedford (o
Pr. Thiers, Pr 1. Cotte, E. Mahier, H. M. the form VI arts when his father became il He
Gattefossé and Pr. 1. Thivolet who recently had to give up his ideas of a University eduacation
crested Iinstitut de la Peau. and a career in architecture and instead took a
The aim of our research is to evaluate the position in a local pharmacy shop. He progressed
interactions of the components of the dosage form within the pharmacy profession, obtained a
and the skin by measiwing partition cocfficients position within the Industry and as a result of his
and rate of diffusion into the cutaneous structures. outspoken attitndes was asked to leave the
Formulation or Bioformulation, as 1 like to say, company as a resnlt of writing a letier to the
enables these physice-chemical parameters to be Pharmaceuntical Journal, He was given a
modified and then predicts modulation of the temporary position within the Pharmaceutical
percutaneous absorption. Society and af 4 very young age was appointed
chief pharmacist at the Roval Free Hospital. 1t is
To increase our scientific resources, we have perhaps coincidental that he and { were similar
recently decided to join forces with Professor ages when we were appointed to fairly sentor
JTonathan Hadgraft in the Welsh School of positions. 1 was interviewed for my current Chair
Pharmacy in Cardiff. The British Tuboratory will in Pharmacentical Chenistry when | was 33,
make a vital contribution o enhance My father had an interost in basic chemistry and
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was studying for a BSc in chemistey part time.
Unfortunately il health prevented him from
laking the degree and instead he took the Royal
Society of Chemistry’s equivalent professional
qualification. As the chief pharmacist at the
Hospital he was anxious to continue a research
programme and combine his pharmacentical and
chemical skilfs.

My first recollection of the research that my
father was conducting on skin permeation was
when he t00k me along to one of the lectures he
was giving al a meeting of the Pharmaceutical
Society, It was at 2 time that he was
coltaborating with Dr Sarkany, a dermatologist at
the Royal Free Hospital in London. The
particular iaterest was in the formulation of
corticostercids and how formulation effecis
couid alter the sabsequent therapeutic activity.
The steroids were of great interest clinically and
also they had the sdvantage that their skin
permeation could be monitored using their ability
to create focal vasoconstriction, T was fascinated
by the way in which he was gble to interpret the
results of his biological experimens with simple
explanations based on the underlying chemistry.
My interest in chemistry had been kindled at an
early age when my father and I would conduct
simple experiments in the garden vsing a primus
stove as our Bunsen burner. He showed me
examples of water of crystallisation using salts of
copper, how nitrogen dioxide was released from
iead nitrate when it was heated, the production of
hydrogen from zinc and hydrochloric acid and
the different forms of salphur, Other gases were
also produced, some to the dismay of my mother
such as hydrogen suiphide, oxygen rekindied a
glowing splint, sulphur dioxide and chiorine
were ot too pleasant. However my interest was
raised and I thought that | would like to become
either an analytical chemist or a geochemist; T
also had a great interest in geology.

When it became time te decide on University
education, I decided that I wanted {o study pure
chemistry and I was lucky enough to gain a place
at Oxford University, During the summer
vacations it was difficult for me to get a
temporary job and my father arranged for me to
paid by the Dermatology department at the Royal
Free Hospital with some money that had been
obtained from the Dunhill Trust, I conducted a
small research project using methyl nicotinate
and measured the times of onset of erythema as a
function of the formulation, The work resulted in
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my first publication jointly with my father and
Dr Sarkany znd which appeared in the British
Tournal of Dermatology.

J. Hadgraft, J.W. Hadgraft and L
Sarkany.

The effect of glycerol on the percutaneocus
absorption of methyl nicotinate,

Brit. J. Derm. (1972) 87, 30-36

The first summer vacations research was very
interesting but it generated many unresolved
guestions, We discussed these and 1 returned the
following year and produced some more data
which was published in the Jowrnal of Pharmacy
antd Pharmacology and which 1 presented at the
British Pharmaceutical Conference in London,
my first public presentation which gave me the
ides that T would really like to confinue research
and pursue an academic career.

J. Hadgraft, J.W. Hadgraft and L.
Sarkany.

The effect of thermodynamic activity on
percutanecus absorption.

J. Pharm. Pharmacel {1973) 25, 122P-
1239,

The fourth year of the degree scheme in Oxford
is devoted to research and I worked on the rates
at which molecules transfer across Hyuid liguid
interfaces. T saw the relevance of this to
understanding how molecules cross biological
membranes including the skin. 1 staved on at
Oxford o continue these studies for my D.Phil.
About the same time my father left London for a
position at the Regional Health Authority in
Cambridge and his research into percutaneous
absorption ceased. However he continued to be
interested in the work T was conducting and gave
me all the relevant literature he had on the
suhject. One of the papers that he had written i
1956 was particularly impressive since he had
identified what he felt were the ideal
characteristics of a skin permeant “Maximum
percutancous absorption occurs when the
medicament combines lipoid solubility with a
moderate solability in water”.
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J.W, Hadgraft and G.F. Somers.
Percutaneous absorption
J. Pharm. Pharmacel (1956) 8, 625-634,

Little was he aware back in the mid fifties that
these same parameters would be the subject of
many investigations into transdermal drug
delivery.

The work that 1 have been conducting since iy
D».Phil. has concentraied on the application of
simple physicochemical factors te understand
skin penetration. It is important to have a
fundamental knowledge since it is from this that
the rational choice of skin permeants, their
enhancers and their formulation can be made.

Often the work that we have conducted has
concentrated on stmple single solvent systems,
Attempts have been made to minimise the
number of variabies by keeping the model
formulations as simple as possible, In the
original work that we conducted on methyl
nicotinate we used simple mixtures of glycerol
and water. This has enabled us to tease owt the
different factors that are important and answer
many questions which would have been
impossible i we had used indostrially relevant
multi-component systems. It was an approach
that Boyd Poulsen was also using with the
classic studies that be conducied on the effects
of simple propylene glycol mixtures on the
release and percutaneous absorption of the two
stereids, fluocinolone acetonide and ity acetaie
ester. However it Is important to make the jump
to industrially relevant formulations and to find
ont how some of the more complex mixtures
work, This is where the links with the group at
Lyon have been mportant. The transition form a
binary {o a tergary systen is guite complex. The
data for the ternary system Transcutol®,
Labrafac® Hydrophilic and propylene glycol
diperlagonate are available for some permeants
but the number of variables is so large that it is
still proving difficalt to interpret the data with a
degree of confidence that T would like. 1 am sure
that the data will reveal the ways in which
formulations are optimised in terms of basic
physicochemical properties, We should be able
to consider some basic factors of the permeant
e.y. its solubility parameter, partition coefficient
and molecular size and shape and choice a
combination of solvents which will optimise its
release and permeation through the skin.

It is often forgotten that the drug or active
cosmetic needs to be incorporated into an
acceptable formulation which will both aid its
release 1o the skin surface and promote its
transfer indo and across those layers of the skin
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which are relevant to the therapeutic effect for
which it is designed. The relevance of the
release to the skin surface can again be seen ina
paper published by my father many years ago
where he demonstrated the effect of paticle size
on the ability of a corticosteroid preparation o
induce vasoconstriction. The smaller the particle
size, as induced by micronisation, the greater the
specific surface area and hence the faster the
dissofution rate. In the case of the steroid under
investigation, fluocinolone acetonide, the
dissolution rate must have been comparable or
fess than the skin permeation rate since
significant particle size effects were seen.

C.W. Barrett, J.W. Hadgraft, G.A. Caron
and §, Sarkany.

The effect of particle size and vehicle on
the percutaneous absorption of
fluacinolone acetonide.

Brit, J. Derm. (1963) 77, 576-578.

Subseguent to this work one of my research
students has investigated the effect of particle size
and good in vitre in vive comrelations were found
in an animal model using salicylic acid as the skin
pesmean.

K. Al-Khamis, 8.5, Davis and J. Hadgraft,
In vitro-in vive correlations for the
percutaneous absorption of salicylates.
int. J. Pharm (1987)40,111-118

Recent advances in instrumentation have
provided a large armament of techniques with
which we can probe formulation effects and skin
lipid biophysics, It is unfortunate that these were
not avaitable to my father since 1 am sure he
would have made great advances with their help.
Clearly instrumental advances are progressing at
a fast rate and their use in the future will give us
even more insight into the mechanisms of skin
penetration and its enhancement. Over the past
two or three years the developments in molecular
graphics have been dramatic and these wilf be
used to design tailor made molecules as
formudation excipients. This is an area where it is
important for the academic and industrial research
groups o collaborate and interact. For maximom
progress it is important for academics 1o realise
that their work is not so esoteric lacking in
applied nature that is not of interest to the
indusirialists. Equally it is important for the
industry to appreciate the merit in gaining a
fundamental knowledge of the skin permeation
process and help in the fonding of this. By doing
this financial benefits in the long term will be
great”
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INFORMATIONS DIVERSES/
MISCELLANEOUS INFORMATIONS

PROGRES DANS LE TRAITEMENT

DES GRANDS BRULES

ournée annuelle de Ploformation
scientifigue de 'Académie des Sciences,
Paris le 15 Décembre 1992,

My JP. HELME, Président de I'nstitut des Corps
Gras, a présenté Faspect Bio-chimigue de la
peai et les muodifications chimiques
qu'entrainent les "briifures”.

Mme le Docteur Rosy BELOY, chirurgien,
spéeialiste du domaine des Bio-matériaux,
membre associé du CADAS et qui a collaboré
aux tous premiers travaux du GERP, a fait un
exposé scientifigue de synthése concernant ce
Réve ou cet Espoir de reconsiruire un Epiderme
sur un Substitut Homologue powr la couverture
définitive des Grands Britlés.

© The Author.All rights reserved

59



© The Author.All rights reserved

&0 BT Gatiefossé N° 85 - 1902753



A MADAME LE PROFESSEUR

LICE VERAIN

Discours de Mme le Professeur Y. Pourcelot, réalisé le 12/02/93 au

Ministere de la Santé, Paris.

adame le Professenr Alice VERAIN
nous a quittd e Mardi 2 Juin ay
matin. Comment peat-on ¢ croire 7
[“ile a00s § quittd av moment wéme of se tenait
le Congrés International de Technologie
Pharmaceutigue angquel elle avait projeté
d’assister. Elle pous a quitté {un an, jour pour
jour) aprés avoir en la grande joie d'8re
nommée aux fonctions de Docteur Honoris
Causa de L'Université de Gentve, distingtion
el Tud @ fast si chand au coeur of quelle a reque
enfourée de toute sa famille ot de ses nombreux
amis ¢t cellegnes, Quelle belle féte 1,

L’ Association Francophone des Baseignants de
Pharmacie Galénigue regrette atjonrd hui la
disparition ¢’ une Présidente exceptionnelle dont
Uimmense carriére a &té au service du
Meédicament, de la Santé Publigue, et de Ia
Pharmacie Galénigue (Pharmacotechnie -
Biopharmacie - Génie Pharmaceutique), et co au
plan Régional, National et Européden, mais
également une belle carridre au service des
antres, elle possédait une telle fol en Dien...
Qu'il $7agisse de sa mission universitsire (aux
plans industriel, officinal ou hospitalier), de ses
contrats avec industrie pour FEnscignement et
fa Recherche, de son esprit &’ ouverture avee fa
création du Génie Pharmaceutique (DEA et livre
de 1a collection Galenica), de son travail
incessant dans e cadre du Ministere de I Sangé
ot du Groupe Qualité Furope, de I' Académie de
Pharmecie, du  Centre Européen de
Paromatisation et des collogues Pharmapole -
CEE qu’elie avait cxéée. Quel enthousiasme,
quet dyaamisme, quelle volonté, quelle
compéiencs, quelle joie de vivre, en un mot quel
exemple pour nous tons,

PP Maftefnesd W9 RS L 100007
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Ses nombreux €léves actuellement en poste dans
Vindustrie, dans PUniversité, en milieu
hospitalier ou officinal garderont le souvenir
d'une “Trés Grande Dame de la Pharmacie” qui
demeunre tés présente dans leur mémoire, qui
était attentive & chacan, prompte & rendre
service, volontaire et se fixant inlassablement de
nouveawx objectifs 3 atteindre dans les différenss
secteurs & activités,

Ses rares jonrndées de repos, mais également ses
grands moments de fole aient les fétes de Nogl
en famille 3 Iz Tronche, les étés A la Verrigre
dans la maison familiale de 1a Drbme entourée
de son mari, ses enfants et petits enfants, offrant
toujours table ouverte 4 ses amis. Elle repose
mainterant, précisément dans cette campagne de
e Drome, au milien des fleurs, des senteurs gf
des paysages auxquels elle éait tant attachée.
Quelle émotion en Serivant ces quelques Hgnes
gui font revivre bridvement cetle immense vie !
Certains collegues ont méme dit ; “Madame
Vérain & véeu au moins trois vies en une...”.
Que Monsieur Vérain, ses enfanis et petits
enfants sotent assurés de la profonde sympathie
de tous les galénistes de notre Association,

Y. POURCELOT
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ors du départ de Monsieur le Professeur Jean COTTE de la Faculté
de Pharmacie Lyon 1, ses collégues, Parents et Amis ont été conviés
d une cérémonie amicale dans les locaux de la Faculté de
Pharmacie, Avenue Rockefeller a Lyon.

Ci-contre le discours prononcé par Madame Martini, Professeur de
Cosmétologie a la Faculté de Pharmacie, a celte occasion.

* 1 hommage au Professeur Jean COTTE
w Lo 14 décembre 1992

Je vous af rencontré § y a plus Qune visgtaine
d*années 4 un colloyue organisé par la Sociéd
Giattefossé. Vous édez “oh combien dynamigue”
el vous expesiez vos idées sur Pavenir de la
cosmdétoiogie. Vous organisicz  déja
régulierement en compagaie du Professeur
THIERS et de Monsicur H M. GATTEFOSSE
des journdes de formation et 4" information pour
les Industriels ef vous vous appritiez & mettre
sur pieds un enseignement de cosmétologie dans
le cadre de lnstitut de Pharmacie Industrielle,

Séduite par Voriginalité de idée, I’ai proposé
mes services qui ont €€ qooepids, Les preners
TP, ont eu leu dans les laboratoires
dapplication de la Socidlé Gattefossé qui nous
ont beaucoup aidés, aprés quol, en 1973, aous
volions de nos propres alles non pas & la Facultd
mais copjointement avec le C.T.C. gui
développait alors les travaux de recherche sur e
coflagéne et la peau.

Une salle de T.P. & &€ mise 4 notre disposition
équipée par nos soins et nous avons pu sccueillir
entre & et 8§ étudiants pour ebtention ¢ un
DESS de Pharmacie Industrielle, option
cosmétologie. )
Cect pour dire que vous aver éL¢ plonmier en la
matiére, bientdt suivi et copié, sans #at ¢'dme,
par deux autzes facultés de Pharmacie,
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Les étudiants formés flatent trés appréciés,
Cétait Pépogue laste o0 les offres demplol
convraient la tofalifé des formations.

Fort de ce saceés, et cette [ois en assoelation
avee la Faculté de Chitenay Malabry, vous aver
proposé un DEA de biclogie cutande et
cosmétologie qui, pendant un cerain temps a
1€, si Uon peut dire une “spécialité
pharmaceutique”. ¢ & 8 étudiants étaient ainsi
initids & la recherche. Beaucoup d’entre eux ont
complété leur cursus par une these de 3&me
cycle et ont trouvé i s"employer aveo des
fortunes diverses.

An cours du temps, les choses ont évolué, pas
toujours conune nous Uaurions souhaité pour
diverses raisons que je e détailleral pas iol mais
gui résultent en un mot du pen de cas qu’ent
tonjours fait les instances universitaires locales
de fa cosmétologie.

En revanche, cet état Fesprit ne régnait pas
aifleurs et la plopart des Facultés de Pharmacie,
en particulier les plus importantes, se sont
lancées sur les traces lyonnaises, parfois avec
sieces, de telle fagon qu'il existe actueliement
de multiples formations : BTS, DUT, DU,
DESS, DEA attestant de I'intérét gu’a suscité
I'idée premiére.

Crest évidemment une belle réussite et nous
croyons pouvoir penser que le leadership est



encore lyonnais, Mais ¢’est surtout parce gue
vous étes universellement reconnu par ia
profession pour votre compétence, | originalité
de vos idées et voire soutien sans faifle aux
niveaux les plus élevés, nationaux et
internationaux.

Jajouterat A titre personnel puisqu’on a bien
voule me demander de dire ces quelques mots
gue ces vingt anndes de travatl en commun
m'ont permis 4 apprécier plusicurs de vos
qgualités que je juge peu communes et
irremplacables. Je n’en citerad que 3

- d"abord une capacité exceptionnelle de
synthése et de clarification. Le texte fe plus
toaffu, la situation la plus embrouillée sont
wnmédiaternent décortiqués of exposés en 3 ou 4
points essemtiels,

- ensuile un dynamisme 4 toute épreuve et je dis
bien & toute épreuve, vous permettant de tracer
un sillage que les autres n’ont plus qu'h snivre,
sitnation fort confortable lorsque les nageurs
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sont accrochds au bateay, mais encore faut-il ne
pas décrocher.

- enfin, wne facuité de confiance inébranfable
dans vos collaborateurs et méme vos
collaboratrices puisque chacun a pu remarquer
que vous étiez principaiement entouré de
femmes et que vous semblicz vous en
accomoder trés bien,

Je termineral en disant que vous pouvez étre fiar
de vous, de votre casridre et de la multitude de
voy réalisations.

Fier aussi de votre famille, de votre épouse, oh
combien admirable, de vos enfants, de lear
présent et de leur avenir.

Bref, vous avez tout réussi et je pense que o'est
pour vous gne innmense satisfaction, Nous
espérons tous que vous accepterer d'8tre pour
nous un maodéle pendant encore de nombreuses
années puisqoe vous entamez maintenant usne
énilme carriére.
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FILIALES ET AGENTS

A L'ETRANGER

FILIALES DE DISTRIBUTION/
DISTRIBUTION SUBSIDIARIES

USA [ United States :
Giattefossé Corporation
189, Kinderkamack Road
WESTWOOD, NI 07673
Teb {13201 573 1700
Felex. 701817

Fax (13201 573 9611

ESPAGNE / Spain :
Gattefossé Espafia, s.a.
Driagonal 460

(8008 BARCELONA

Tel (34 3416 0520/ 3 416 1295
Fax (34334153546

Gattefossé Espafla, s.2.

Fernan Gonzalez 28

28009 MADRID

Tel (34) 1 3779253/ 5779503
Fax (34) 1 3755305

FYALIE 7 ftaly :
Gattefossé Ttalia .ol
Via Derganine 20
204158 MILANO

Tel (39239322736
Telex 333 698

Fax (393 266 200 440

ALLEMAGNE / Germany :
CGattelossé (Deutschland) GmbH
Rheincenter, Hauptstrasse 435
7858 Weil-Am-Rhein

Tel. (49) 7621 720 07

Fax (49) 7621 7922 93

SUISSE ! Switzeriand :
Gattefossé AG.
Haldenstrasse 11

6006 LUZERN

Tel. (41) 41 51 49 66
Telex 868 200

Fax (41141 513553
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AGENTS REPRESENTANTS
EXCLUSIFS /
EXCLUSIVE AGENTS

AFRIQUE DU SUB / Seuth Africa

COMHAN TRADING CO (PTY)LTD P.O. Box
65599, BENMORE 2010

TRANSVAAL

Tel. (273 11 783 1130 - Telex 427 069

Fax (27) 1L BE3 7186

ALGERIE / Algeria

RHONE POULENC ALGERIE

27 bd Colonel Bougara, ALGER
Tel. {213) 266 26 35 - Telex 66212
Fax (213) 259 31 68

ARGENTINE / Argentina
FERROMET SA, 25 de Mayo 252 P15,
1002 BUENGS-AIRES

Tel. (54313472 6883/8400/8936/2443
Telex 22545 - Fax (54 1 342 2456

AUSTRALIE / Australia

ROUSSEL UCLAF AUSTRALIA PTY
LIMITED

Locked Bag N° 20

Pennant Hills NSW 2120 SYDNEY

Tel (61) 2484 3399 - Fax (61) 2390 45 67

BELGIQUE / Belgium
MOSSELMAN 5.A.

80 bd Industriel,

1070 BRUXELLES 1

Tel. (32) 2 524 39 47 - Telex 23533
Fax (32) 2 520 01 58

BRESIL / Brazil

RHODIA 8/A

Av Maria Coetho Aguiar 215 Bloco B - 4 Andar
05804-SA0 PAULO - 8P

Tel (55 11 545 7261 7 5457263 - Telex 37620
Fax (55 11545 3971



CANADA / Canada

CHARLES TENNANT & CO (Canada)
EIMITED

34 Clayson Road, Weston, Ontario MOM 2GE
Tel. (1) 416 741 9264 - Pax (1) 416 741 6642

CHILL/ Chile

LA MARFAN, Casilla 14839, Correro 21
SANTIAGO

Tel. (5632237 13 14 - Telex 645 21t

Fux (56} 26 96 50 06

COREE / Korea

CHEM-ASIA CO, LTD/2 F Dackyung Bldg.,
839 - 15 Yoksam - Dong,

GANGNAM -KU SEOUL 135-080)

Tel, (82) 2 562 1078 - Telex 27824

Fax (B2) 2321 0944

DANEMARK / Desmark

BIONGRD APS

Bomhusvej 20 - 2100 COPENHAGUE
Tel (45) 31 18 35 88 - Télex 27345
Tégdgax (45) 392927 78

EGYPTE / Egypt

SGD, 8 Kars el Nil Street, PO Box 1379, Ataba,
LE CAIRE

TaL {20) 275 09 26 - Télex 20224

Fax (200 257 42 013

FINLANDE / Finland

5.0, STROMBERG, Siterintie 7A,
SP-00720 HELSINKI

Tél (358) (34 55733 - Telex 123 708
Fax (358) 03 51 14 16

GRANDE-BRETAGNE / England

ALFA CHEMICALS LTD, Arc House, Terrace
Road South

Binfield, Bracknell, BERESHIRE RG1Z 5PZ
Tél (44) 344 86 1800 - Télex 847 930

Fax (443 344 86 2010

GRECE / Greece

GN ZYGOUROPOULQOS, 207 Drossopoulou
St., ATHENS 11255

TEL (303 1 22 31 247 - Télex 219 060

Fax (300 12234222

HOLLANDE / Netheriands

LP.C., Inzet 102 {Industrieweg) 15321 NK
WORMERVEER

TEL (3175 21 25 51 - Télex 19179

Fax (31) 75 284 847
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INDE / India
THE ASSOCIATED CAPSULES GROUP,
Kandivii West

Bombay 400 067
TEL{9]) 22 605 1010 - Télex 117 (123
Fax {91) 22 605 6152

INDCOGNESIE / Indonesia

PILA & CD

Busas Center, 10th Floor-Suite 1004

Jatan Senen Rayaz 135

JARARTA 10410

TEL(62) 21 38.56.6060 - Fax (62) 21 38.56.674
Telox 44622

ISRAEL / Israel

EPHRAIM RUBINSTEIN CHEMICALS LTD,
P.0O.Box 14165,

TEL AVIV 6114]

Té {(972) 504,43 45 - Télex 341 187

Fax (9723 350.44.365

JAPON// Japan

SUNTRADE Ing, 41-1, 6 Chomé Nakanoshima
KITAKIU OSAKA 530

TéL (81) 6 4473 2848 - Télex 64772

Fax {81 6 443 2853

JORDANIE / Jordan

ACTHCO Arab Countries Trading CO LTD,
P.0O.Box 7991, AMMAN

TEL (962) 6 62 153 74 - Télex 323229

Fax {962) £ 65 54 67

MALAISIE / Malaisia

PILA & CO

Wisma PK 1, 80-3, 3=d Floor, Jalan Loke Yew,
KUALA LUMPUR 55200

Tél 03.221.52.33/52.81/54.02 -~ Télex 30800
Fax 03.22290.37

MARQC / Maroceo

SOCIETE MAROCAINE DES PRODUITS
BOTTU,

22 aliée des Casnarinas, B.P. 2583 (Ain Sebas
03y CASABLANCA

TéL (212Y 2355350 - Télex 26779

Fax (212) 23564 19

MEXIQUE / Mexico

GRUPO ROUSSEL MEXICO, S.A. DE CV.
Av, Universidad 1738 - 04000 Mexico, DLF,
T (52) 5 658 70 50 - Fax (52) 5 659.84.49
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NORVEGE / Norway

WALLINCO AS,

Maridalsveien 161, P.O. Box 3282, Sagene,
OSLO 4

Tl (4732 22 20 18 - Télex 71594

PEROU / Peru

QUIMICA SUIZA, Apartado 3919, LIMA 100,
*2577 Av. Republica de Panama LIMA 13

TéL(51) 14 70 84 84 - Télex 20298

Fax (51) 147224 95

PORTUGAL / Portugal
A-ESPERANCA,
rua de Entrecampos 23-1°D,
1700 LISBOA

CTEE(351) 1 79 69 404 - Télex 13626
Fax (3513 1 79 35 696

SINGAPOUR / Singapore

PILA & CO

BLEK 4 Pasir Panjang Road, 05-19, Alexandra
Distripark, Singapore 0511

Tél (65 278.07.88/278.07.89 - Télex 24296
Fax (65) 273.50.66

SUEDE / Sweden

HYDRO SUPRA - KEMI SERVICE AB,
Morsaregatan 19, PO.Box 22081,

25022 Helsingborg

TEL (46342 18 37 00 - Télex 72224

Fax (46)42 157195

SYRIE / Syria

GEORGES JAMIL AWAD P.G. Box 237
Pamas. Syrie

TEL (963) 11 211 000

Télex 419 182

TAIWAN/ Taiwan

ELGIN CORPORATION, 12 FLN 99, SEC 2
Chung Shan North Road, Taipei 10419,
TAIWAN, R.O.C.

Té (B86) 2 561 48 88 - Télex 10754

Fax (886) 2 561 49 64

THAILANDE / Thailand
RHONE-POULENC CHEMICALS (Thailand)
ETD, 51 Sukhumvit 26

{801 AREE), 10110 BANGKOK

TEL (H6) 2 25 90 27.04- Télex 82871

Fax (66) 2 25 90 562

TUNISIE / Tunisia

SM.P.C. 22 rue 8605, Z.I. La Charguia, 2035
TUNIS CARTHAGE

TEl (2163 1 789 266 - Télex 18278

Fax (216) 1 78 97 41

TURQUIE / Turkey

KURA KOLLEKTIF SIRKETT,
P.O. Box 604 Sirkeci

34435 Istambul

TEL (901) 11 45 44 93 - Télex 24229
Fax (901) 252 48 96

URUGUAY / Uruguay
ENSHLUZ SA, Pozos del Rey,
P.Q. Box 275, 1380 Montevideo
TEL (5982 94 16 13 - Télex 6967
Fax (598)2 74 8075

VENEZUELA ET COLOMBIE /
Venezuela and Colombin
MIELKE INTERNACIONAL 5.A., Apartado
de Corens 6849]
(AHamirg) CARACAS 1060 - A - Venezuela
FEL (582) 74 42 18 - Télex 21139
Fax (382) 74 80 75

FRANCE

SEEGE SOCIAL,

USINE ET LABORATOIRES

Head Quarters, Factory and Laboratories
Gattefossé s.a.

36, chemin de Genas

69800 SAINT-PRIEST FRANCE
Tel.(33) 72 22 98 00

Telex 340240

Fax. (33) 78 50 45 67

OSSE

GATTH
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"Labrafac®, Labrafil®, Labrasol®, Maisine®, Olicine®, Peceol®, Plurcl®, Transcutol®,
sont des marques déposées par Gattefossé",

"La Parfumerie Moderne”
revue professionnelle créée par R.M. Gattefossé en 1908 n°85 - LXXXY année 1992,

o

GATTEFOSSE

Réalisation et maquelte SYNAPS
Imprimerie VASTI
Dépdt tégal avril 1993 - Imprimé en France
I 800 exemplaires
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