Topical Drug Delivery
With Lipid Excipients

People make our name



ABOUT GATTEFOSSE

Gattefossé is a leading provider of excipients and
formulation solutions to healthcare industries
worldwide. Our company history - of over 130 years -
is built on a commitment to our customers to deliver
the highest quality products and technical support.
In parallel to developing innovative formulation
applications, Gattefossé has worked diligently to
guarantee the pharmaceutical qualification of its
excipients.

GATTEFOSSE LIPID EXCIPIENTS

The lipids and fatty acids used in the production of
Gattefossé excipients are derived strictly from raw
materials of vegetable origin.

Excipients are obtained by the esterification of fatty
acids with alcohols - glycerol, polyglycerol, propylene
glycol and polyethylene glycol - and by the alcoholysis
of vegetable oils and fats with glycerol, polyethylene
glycol and propylene glycol.

Expertise in oleo-chemistry has enabled the
development of a range of functional excipients with
different thermal, rheological and textural properties
and a wide spectrum of solubility characteristics.

TOPICAL DRUG DELIVERY

Lipid excipients can be used to formulate creams,
ointments, oily and aqueous gels and foams.

Gattefossé excipients are associated with improved
skin drug delivery. The stability, texture and sensorial
qualities of a topical product can be optimized by
selection of the right combination of Gattefossé
excipients.

Our excipients are extremely safe and many are used
in internationally approved and marketed products.

ABBREVIATIONS

API: Active Pharmaceutical Ingredient; Ch.P.: Chinese
Pharmacopceia; DMF: Drug Master File (Type IV);
DSHEA: Dietary Supplement Health & Education Act;
EP: European Pharmacopceia; FCC: Food Chemical
Codex; FDA: Food and Drug Administration; GRAS:
Generally Recognized As Safe; HLB: Hydrophilic
Lipophilic Balance; IID: FDA Inactive Ingredient
Database; JPE: Japanese Pharmaceutical Excipients;
JSFA: Japanese Standard of Food Additives; NSAID:
Non Steroidal Anti Inflammatory Drug; O/W: Oil
in Water; PEG: Polyethylene Glycol; ROW: Rest of
the World; USFA: US Food Additive; USP-NF: US
Pharmacopceia-National Formulary; W/0: Water in Oil
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Lipid excipient emulsifiers for
challenging formulations

Our emulsifiers are particularly useful for resolving challenges associated with API insolubility,
heat sensitivity, extremes of pH, and the incorporation of alcohols and essential oils. The right
emulsifier can also greatly improve the texture and sensorial qualities of a product and offer the
patient an improved experience on application.

Candidate emulsifiers are routinely selected based on several criteria:

» Characteristics of the API: solubility, physico-chemical properties and chemical stability

» Type of emulsion required: oil in water or water in oil

» The amount of emulsifier required to obtain the desired appearance and consistency of the final

product

Use the table below to identify which emulsifier corresponds to your application need...

Products

Emulsifier 0O/W

Apifil®

Emulcire™ 61 WL 2659

Gelot™ 64

Sedefos™ 75

Tefose® 63

Tefose® 1500

Emulsifier W/0

Plurol®
Diisostearique

Melting

Chemical description Appearance point °C
(Drop point)

PEG-8 beeswax Pellets 9 67.5

Mixture of Cetyl alcohol EP/NF and
ethoxylated fatty alcohols (Ceteth-20, Pellets 10 48.5
Steareth-20) EP/NF

Mixture of Glycerol monostearate EP/NF

and PEG-75 stearate (Type 1) NF Pellets 10 59

Mixture of Triceteareth-4 phosphate (and)
ethylene glycol stearate EP/NF/JPE (and) Pellets 10 47.5
diethylene glycol stearate EP/NF/JPE

Mixture of PEG-6 stearate (Type I) NF (and)
ethylene glycol stearate EP/NF/JPE (and) Waxy solid 9.5 48
PEG-32 stearate (Type I) NF

Mixture of PEG-6 stearate (Type I) NF (and)

PEG-32 stearate (Type I) NF Waxy solid 10 43

Triglycerol diisostearate EP

Polyglyceryl-3-diisostearate NF Viscous liquid 45 Liquid



Our emulsifiers have excellent skin tolerance profiles and their safety is substantiated by
worldwide use in both well-established and recently approved pharmaceutical products.

They enable the development of a variety of dosage forms ranging from thick creams to
sprayable fluid emulsions.

There is precedence of use of these excipients in marketed products: anti-acne, anti-psoriatics,
anti-fungal, anti-inflammatory, analgesics...

Market
reference*

Key benefits

Ideal for emulsions incorporating a high volume of oil and lipophilic API.

Forms creams with firm texture and glossy appearance (use 7 to 15%). ASIA, EU

An ideal co-emulsifier with Gelot™ 64 (ratio 1: 1) to improve texture and

with Apifil® (ratio 2: 1) to improve heat stability. ASIA, EU, INDIA
Ideal for difficult-to-formulate API including alcohol extracts or essential oils. ASIA, CANADA,
Forms a firm texture cream over a wide range of pH (use 6 to 20%). EU, INDIA, ROW

Ideal for emulsions containing solvents or large amount of oily phase, for hydrosensitive API
requiring PEGs or glycerine as hydrophilic phase. Forms a firm texture cream (use 6 to 20%). EU
Use a simple one-pot formulation process (= 9%).

An ideal emulsifier for anti-fungal treatments due to excellent mucosal tolerance.
Forms elegant creams with firm texture (use 8 to 20%).
Use a simple one-pot formulation process (= 12%).

ASIA, EU, ROW,
USA

A polyvalent emulsifier compatible with all types of oils and ideal for lotions.
Forms light and soft creams (use 8 to 12%). EU, USA
Forms fluid to very fluid lotions (use below 8%).

A PEG-free emulsifier ideal for heat-sensitive APl when used in a cold process.

Forms elegant creams with firm texture (use 3 to 6%). USA

* Market reference refers to the current or historic existence of a pharmaceutical product authorized for use
following the approval of a Market Authorization Dossier type NDA or ANDA or equivalent.



Lipid excipient solubilizers for
improved drug delivery

Lipid excipients provide high solubilizing power and amphiphilic properties, both of which are
associated with mechanisms that can modulate the penetration of APl into the stratum corneum
and drive API flux.

Gattefossé offers a range of high performance liquid solubilizers that can be used to improve
drug delivery in a variety of topical formulation types.

All the excipients in the table below can be used to formulate emulsions, microemulsions
and lipophilic ointments. Aqueous gels and foams can be formulated using hydrodispersible
excipients such as Labrasol® and Transcutol® P.

Products Functionality Abridged chemical description HLB LT
reference
Solubilizer
Caprylocaproyl macrogol-8 glycerides ASIA, EU, INDIA,
®
Labrasol O/W surfactant EP/NF 12 USA, ROW
Labrafil® M 1944 CS O/W surfactant Oleoyl macrogol-6 glycerides EP/NF 9 ASIA’E:AROW'

Linoleoyl macrogol-6 glycerides
EP/NF

Lauroyl macrogol-6 glycerides EP/NF
(semi-solid)

Labrafil®M 2125 CS O/W surfactant 9 EU, ROW, USA

Labrafil® M 2130 CS O/W surfactant 9 EU, ROW*, USA*

Propylene glycol monocaprylate
(type I) NF

Propylene glycol monocaprylate
(type I1) NF

Propylene glycol monolaurate
(type 1) EP/NF

Propylene glycol monolaurate

Capryol® PGMC W/0 surfactant 6 EU*

Capryol® 90 W/0 surfactant 5 ASIA, EU, USA

Lauroglycol™ FCC W/0 surfactant 5 EU, ROW*, USA*

™ *
Lauroglycol™ 90 W/0 surfactant (type Il) EP/NF 3 ASIA, INDIA
Plurol® Oleique CC 497  W/O surfactant Polyglyceryl-3 dioleate NF 3 EU*, ROW, USA*

. . Propylene glycol dicaprylocaprate "
Labrafac™ PG Oily vehicle 1 ASIA, EU
EP/NF
Labrafac™ Lipophile Oily vehicle Triglycerides medium-chain 1 ASIA, EU, ROW,
WL 1349 y EP/NF/JPE USA
Highly purified diethylene glycol ASIA, CANADA,
®
Transcutol® P Solvent monoethyl ether EP/NF " Eu,ROW, USA

*Oral dosage form

The functional properties of Gattefossé excipients and their role in dermal drug delivery are
widely studied and reported in the scientific literature. The following table describes the
functional properties of our excipients with a range of APIs in microemulsion, emulsion, gel or
ointment and pure excipient API solutions.



API
Microemulsion formulations

Aceclofenac (NSAID)

Solubilizer, penetration modulator

Labrafil® M 1944 CS and Transcutol® P

Reference

Shakeel, 2007

Caffeine (stimulant)

Labrasol® and Labrafac™

Zhang, 2011

Curcumin (prevention Alzheimer
disease)

Transcutol® P, Labrasol® and Capryol® 90

Wang, 2012

Dehydroepiandrosterone (steroid)

Labrasol®, Plurol® Oleique and Transcutol® P

Ceschel, 2005

Transcutol® P, Labrasol® and

Doxepin, Imipramine (anti-depressant) Plurol® Oleigue CC 497 Sandig, 2013
Fluoxetine (anti-depressant) Labrasol®, Lauroglycol™ FCC and Transcutol® P Parikh, 2005
. . .., Labrafil® M 1944 CS, Labrasol®, Lauroglycol™ 90, .

Hydrocortisone acetate (corticosteroid) Plurol® Oleique CC 497, Transcutol® P Fini, 2008
Rhee, 2001

® ,

Ketoprofen (NSAID) Labrasol Zhang, 2011
. . . Kreilgaard, 2002

®

Lidocaine (anaesthesic) Labrasol Zhang, 2011
® HC

Lorazepam (sedative) Transcutol® P, Labrafil® M 1944 CS and Yao, 2009

Lauroglycol™ FCC

Terbinafine (anti-fungal)

Gel formulations

Dexamethasone (corticosteroid)

Labrafil®, Plurol® Oleique CC 497 and Transcutol® P

Transcutol® P

Baboota, 2007

Panchagnula,
1991

Dapsone (anti-acne)

Transcutol® P

Osborne, 2011

Genistein (anti-neoplastic agent)

Lauroglycol™ 90 and Transcutol® P

Chadha, 2010

Hydrocortisone (corticosteroid)

Labrafil® M 1944 CS and Transcutol® P

Ritschel, 1991

Methotrexate (anti-psoriatics)

Emulsion or ointment formulations

Coumarin (lymphoedema treatment)

Transcutol® P

Labrafil® M 1944 CS

Javadzadeh,
2011

Ritschel, 1988 °

Ketoprofen (NSAID)

Labrafil®, Labrasol® and Transcutol® P

Kim, 2002

Thymidylate synthase inhibitor
(anti-psoriatics)

Excipient - API solutions

Dexamethasone, Hydrocortisone
(corticosteroid)

Labrafil® M 2130 CS, Labrasol® and Transcutol® P

Labrafil® and Transcutol® P

Pavliv, 1994

Panchagnula,
1991

Labrafil® M 2125 CS, Lauroglycol™ FCC and

Diclofenac diethylammonium (NSAID) Labrafac™ Lipophile WL 1349 Kweon, 2004
Fluconazole (anti fungal) Labrasol® and Transcutol® P Ayub, 2007
Ibuprofen (NSAID) Transcutol® P Bialik, 1993

Ivermectine (anti-parasitic)

Transcutol® P

Yazdanian, 1995

Ketorolac tromethamine (NSAID) Capryol® 90, Lauroglycol™ FCC and Transcutol® P Cho, 2004
Quercetin (UV protective) Capryol® 90, Labrasol® and Transcutol® P Censi, 2011
Tenoxicam (NSAID) Capryol® 90, Lauroglycol™ FCC and Transcutol® P Gwak, 2002



Efficient skin delivery:
no compromise with Transcutol® P

Transcutol® P is a hydrophilic/lipophilic high purity solubilizer, with broad APl compatibility
and a broad spectrum of use in creams and lotions to aqueous gels and foams. It is a well
characterized, safe excipient associated with interesting drug delivery properties including drug
penetration enhancement and a drug depot effect.

Skin penetration enhancement with Transcutol® P is widely studied and is described as a ‘push
and pull’ effect reported to increase the percutaneous passage of API.

The ‘push’ effect via solubilizing power

APl must be in a solubilized state to penetrate the stratum corneum via a passive transport
mechanism driven by the concentration gradient between the formulation and the skin.
The solubilizing power of Transcutol® P enables high drug loading and the generation of a steep
concentration gradient down which the APl is ‘pushed’ into the skin.

Solubility studies with common NSAIDs (ibuprofen, sodium diclofenac and ketoprofen) report a
minimum API solubility of around 400 mg per gram of Transcutol® P.

The ‘pull’ effect via diffusion

Transcutol® P induces reversible structural deformations as it penetrates the stratum corneum.
The disorganization of the intercellular space between corneocytes (composed of lipidic layers)
facilitates the diffusion of the API.

This ‘pull’ effect has been widely observed for Transcutol® P in association with many drugs
and is particularly apparent for lipophilic compounds which penetrate the stratum corneum by
diffusion through these intercellular spaces.

Transcutol® P — Performance for localized drug delivery

Effective localized drug delivery relies on bioavailability and the prevention of permeation
and eventual systemic absorption. Studies have shown that the inclusion of Transcutol® P can
increase drug retention in the skin, thereby improving localized drug delivery (Ritschel, 1988 a).

In addition, the intracutaneous depot effect, associated with the swelling of lipid bilayer

structures which subsequently act as a depot for drug-solvent complexes, then enables the
slow and localized diffusion of the API over time.

Transcutol® P — Non irritant solvent

Transcutol® P is also noted for its non-irritant properties compared with alternative co-solvents
(Papakostantinou, 2007). Transcutol® safety is established via numerous toxicological studies
recently reviewed by Sullivan et al, 2014.




Transcutol® P - Power and synergy

Used alone, Transcutol® P is widely reported to be a highly effective solubilizer for a wide range
of APIs, enabling high drug loading leading to improved skin permeation.

API Dosage form Reference

Transcutol® P alone

Atenolol (anti-hypertensive) 0/W emulsion Puglia, 2008
Griseofulvin (antibiotic) Excipient — API solution Ritschel, 1988 @
Clebopride (anti-emetic) Aqueous gel Rhee, 2007
Dapsone (antibiotic) Aqueous gel Osborne, 2011
Dexamethasone, hydrocortisone (corticosteroid) Aqueous gel Ritschel, 1991
Methotrexate (anti-psoriatics) Aqueous gel Javadzadeh, 2011
Ivermectin (anti-parasitic) Excipient — API solution Yazdanian, 1995

Used in combination with other standard dermal drug delivery excipients (solubilizers
and co-solvents), several studies report a further increase in the percutaneous passage
of API, described as the synergistic effect of Transcutol® P.

Transcutol® P in synergistic combination

Transcutol® P and oleic acid

Caffeine (Stimulant) Aqueous solution (PEG base) Touitou, 1994
Carvedilol (cardiovascular) Nanoemulsion Dixit, 2008
Nimesulide (NSAID) Gel Gungor, 2004
Theophylline (Bronchodilatator) Ointment ;’Sg;kostantinou,
Theophylline (Bronchodilatator) Gel, cream, ointment (PEG base) Touitou, 1991
Transcutol® P and propylene glycol

Dehydroepiandrosterone (steroid) Patch Minghetti, 2001

Clonazepam (anti-convulsant) Gel Mura, 2000




Lipid excipients for optimizing
stability and sensorial properties

The most basic topical emulsion utilizes an emulsifier, mineral oil and water only.

However, the majority of APIs require more complex formulation with the use of additional
excipients to produce a stable product with high tolerability and excellent textural properties.
Gattefossé can help you to select the right combination of excipients to improve the stability,
texture and sensorial properties of a formulation.

Formulating for high stability

An emulsion is, by nature, a thermodynamically unstable system and spontaneous coalescence
of droplets can occur leading to phase separation. Instability is most frequently caused by ageing
or adverse environmental conditions including excessive heat.

Consistency agents (thickeners) are often used for oil-rich formulations to control the final
product viscosity and consistency. They improve and stabilize product consistency at elevated
temperatures. In emulsion systems, the addition of a lipid-based thickener may be necessary to
prevent coalescence and phase separation.

Some difficult to formulate systems require the use of a secondary emulsifier (co-emulsifier),
which is used at a lower concentration to improve stability. Gattefossé has characterized
numerous effective associations between its products and can provide recommendations and
many examples of validated formulations on request.

Melting
Appearance HLB point °C
(Drop point)

Formulation Market
type reference

Abridged chemical

Products .-
description

Consistency agent

Compritol® 888 Glycerol dibehenate Pellets 1 795 Emulsion ASIA*, EU,

Pellets EP/NF/Ch.P. ' Ointment ROW*, USA

Geleol™ mono and Glycerol monostearate Pellets 3 575 Emulsion ASIA, EU,

diglycerides NF 40-55 (type I) EP/NF ’ Ointment USA
Propylene glycol . Emulsion ASIA, EU,

™
Monosteol monopalmitostearate EP Waxy solid 4 365 Ointment USA
Gelucire® 43/01  Hard fat EP/NF/JPE Waxy solid 1 43.0 Emulsion USA*
Ointment

* Oral dosage form

Improving the texture of ointments

Developing a homogeneous mixture with high viscosity and stability at elevated temperature is
often a challenge with ointments. Lipid excipients facilitate the application of lipophilic API to the
skin and also provide a degree of protection and occlusion.

Gelucire® 43/01 is recommended to optimise viscosity and as an alternative to hard paraffin,
providing a smoother texture.



Improving patient sensorial experience

The choice of excipients in a formulation will affect its texture and sensorial properties.
Gattefossé has developed validated methods to evaluate and measure these properties.
This type of analysis - called sensorial mapping (see diagram below) - enables the fine
optimization of a formulation not only for its ‘drug delivery’ properties but also to improve the
patients’ sensorial experience.

The symptoms that accompany dermatological diseases and disorders include extremely dry,
sensitive and sore skin which require formulations that are easy to spread, rapidly absorbed
and moisturizing, with a soft and soothing texture.

Gattefossé Dermacare kit has been developed to provide a range
of ‘model’ placebo creams optimized for their sensorial qualities
incorporating our functional emulsifiers.

For further information please contact Gattefossé.

Sensorial Map

Immediate contact
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Excipient functionality

Oily
vehicle

Emulsifier

Thickener

0/W
surfactant

W/0
surfactant

Solvent

Quick guide to formulating
with lipid excipients

+++ Hydrophilic

Dosage form

m Cream/lotion Foam pressure Foam pump | Microemulsion

Labrafac™ Lipophile WL 1349
Labrafac™ PG

Apifil®

Emulcire™ 61 WL 2659
Plurol® Diisostearique
Tefose® 1500

Gelot™ 64

Sedefos™ 75
Tefose® 63

Compritol® 888 Pellets
Geleol™ mono and diglycerides NF
Gelucire® 43/01
Monosteol™
Labrasol®
Labrafil® (s)

Capryol® (s)

Lauroglycol™ (s)
Plurol® Oleique CC 497




Pharmaceutical qualification

Gattefossé is committed to the manufacture of high quality products which conform to the
relevant European, United States of America and Japanese Pharmacopceia monographs. Many
of our products have been used in internationally approved and marketed pharmaceutical
products. Gattefossé has undertaken relevant toxicological studies to assess the tolerability
and safety of its products. Further information can be provided on request.

Product Name

Apifil®
Capryol® 90
Capryol® PGMC

Compritol® 888 Pellets

Emulcire™ 61 WL 2659 Pellets
Geleol™ Mono and Diglycerides NF
Gelot™ 64

Gelucire® 43/01

Labrafac™ Lipophile WL 1349

Labrafac™ PG

Labrafil® M 1944 CS
Labrafil® M 2125 CS
Labrafil® M 2130 CS

Labrasol®

Lauroglycol™ 90
Lauroglycol™ FCC

Monosteol™

Plurol® Diisostearique

Plurol® Oleique CC 497

Sedefos™ 75

Tefose® 63

Tefose® 1500

Transcutol® P

Additional
Full chemical description regulatory

information
PEG-8 beeswax DMF
Propylene glycol monocaprylate (type Il) NF DMF
Propylene glycol monocaprylate (type I) NF DMF

Glycerol dibehenate EP
Glyceryl dibehenate NF
Glyceryl behenate Ch.P.

DMF/IID/GRAS/
FCC/JSFA

Mixture of Cetyl alcohol EP/NF and ethoxylated
fatty alcohols (Ceteth-20, Steareth-20) EP/NF

DMF/IID

Glycerol monostearate 40-55 (type 1) EP

DMF/IID/E4T71/

Mono and diglycerides NF FCC/GRAS/JSFA
Mixture of Glycerol monostearate EP/NF (and) DMF/IID
PEG-75 stearate (Type I) NF

Hard fat EP/NF/JPE DMF/IID
Trlgl.ycerldes. me.dlum—c.haln EP DME/IID/
Medium-chain triglycerides NF DSHEA/JSFA
Medium chain fatty acid triglyceride JPE

Propylene glycol dicaprylocaprate EP D
Propylene glycol dicaprylate/dicaprate NF

Oleoyl macrogol-6 glycerides EP

Oleoyl polyoxyl-6 glycerides NF DMF/IID
Linoleoyl macrogol-6 glycerides EP DME/IID
Linoleoyl polyoxyl-6 glycerides NF

Lauroyl macrogol-6 glycerides EP

Lauroyl polyoxyl-6 glycerides NF DMF/IID
Caprylocaproyl macrogol-8 glycerides EP DME/IID
Caprylocaproyl polyoxyl-8 glycerides NF

Propylene glycol monolaurate (type Il) EP/NF DMF/IID
Propylene glycol monolaurate (type I) EP/NF DMF/IID
Propylene glycol monopalmitostearate EP IID
Triglycerol diisostearate EP DME/IID

Polyglyceryl-3-diisostearate NF

Polyglyceryl-3 dioleate NF

DMF/IID/E4T75/

FCC/JSFA/USFA
Mixture of Triceteareth-4 Phosphate (and)
ethylene glycol stearate EP/NF/JPE (and) DMF/IID
diethylene glycol stearate EP/NF/JPE
Mixture of PEG-6 stearate (Type I) NF (and)
ethylene glycol palmitostearate EP/NF/JPE (and) DMF/IID
PEG-32 stearate (Type I) NF
Mixture of PEG-6 stearate (Type I) NF (and) DMF/IID
PEG-32 stearate (Type I) NF
Highly purified diethylene glycol monoethyl ether DME/IID

EP/NF



Technical support

Our applications laboratories in France, India and China are at your service to provide technical
support and formulation feasibility assessment.

We have many years of experience of formulating with our products with both experimental and
model drugs. We are committed to answering your questions on formulation, regulatory, safety,
scale-up issues and precedence of use as quickly and as comprehensively as we can.

We can reduce your development time by providing straightforward formulation guidelines
for oral, dermal, rectal and vaginal dosage forms as well as access to extensive databases
comprising hundreds of validated placebo or model API formulations.

If you need practical laboratory assistance, the services we are able to offer include solubility
screening, basic formulation development, texture optimisation and sensorial analysis.

Please contact your local Gattefossé representative
or email us at:
infopharma@gattefosse.com

Apifil®, Capryol®, Compritol®, Gelucire®, Labrafil®, Labrasol®, Plurol®, Tefose®, Transcutol® are registered Trademarks
of Gattefossé.

The information included in this brochure is presented in good faith and we believe that it is correct, but no warranty as to accuracy
of results or fitness for a particular use is given, nor is freedom from patent infringement to be inferred. It is offered solely for your
consideration, investigation and verification. The user shall determine under his responsibility, the use and the security conditions
of the information, and will remain the only one responsible in case of damageable consequences. Before using a Gattefossé
product, or any other product mentioned in this literature, read, understand and follow the information contained in most recent
Material Safety Data sheet.
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