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Safe and efficient 

skin drug delivery



Hair shaft

Lipophilic

Lipophilic

Hydrophilic

Pores

EPIDERMIS

DERMIS

HYPODERMIS

MUSCLE

Stratum corneum

Squamous cells

Basal cells

Sebaceous(oil)
gland

Sweat pore

Hair follicle

Artery

Vein

Adipose tissue

Stratum corneum

Stratum granulosum

Spinous spinosum

Stratum basale

Percutaneous
with local action
e.g. muscular pain

Percutaneous
with systemic action
e.g. hormonal treatment, 
cardiovascular treatment

Deep
cutaneous
e.g. bacterial infection

Cutaneous
e.g. dermatitis

Superficial
e.g. hydratation

Occludin

Claudin

Lamellar structure

Tight junction

Polar head

Alkyl chain

Adherens 
junctions

Skin, a gate to drug delivery
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Ideal drug properties for skin delivery
The best attributes for a drug to cross the skin barrier are:

•	 molecular weight < 500 Da to diffuse through the skin.
•	 melting point < 200°C to dissolve easily in the stratum corneum and have good skin permeability.
•	 1 < LogP < 5 for absorption in the hydrolipidic stratum corneum.
•	 pKa < formulation pH, as ionization of the molecule drastically decreases its absorption.
•	 drug should be effective at low dose < 20 mg/day.
•	 �drugs with short half-life or high first-pass metabolism are also good candidates for transdermal route instead of the oral route 

where their degradation is too fast.

Different targets in skin delivery
Depending on the therapeutic effect desired, the site of action of the drug will vary:

•	 a local action, at different levels of the skin layers: epidermis, dermis or below the epidermis.
•	 a systemic action, with the drug reaching the blood vessels located in the dermis.

Many approaches have been developed to overcome the skin barrier properties, including vehicle-
drug interactions, energy driven methods, vesicles and particles, stratum corneum modification or 
removal. Among them, combining the use of solubilizer(s) and chemical penetration enhancer(s) 
in the topical dosage form formulation is a long-established strategy, offering a wide range of 
possibilities regarding the vehicle: cream, gel, bi-gel, ointment, patch,… and the site of action, i.e. 
topical or transdermal.



Formulating for efficient skin delivery

Formulation development
During formulation development it is critical to use solubilizers that solubilize the therapeutic dose in the vehicle and favor the passive 
diffusion of the drug, as well as penetration enhancers that will contribute to drug diffusion in the different layers of the skin.

Gattefossé range of solubilizers and penetration enhancers

Excipients Description Main fatty acid HLB Solubilizer Penetration enhancer

Capryol® PGMC Propylene glycol monocaprylate (Type I) EP
Propylene glycol mono and dicaprylate NF C8 6

Capryol® 90 Propylene glycol monocaprylate (Type II) EP
Propylene glycol monocaprylate NF C8 5

Labrafac™ MC60 Glycerol monocaprylocaprate (type I) EP
Glyceryl Mono and Dicaprylocaprate NF C8-C10 5

Labrafac™ Lipophile WL 1349
Triglycerides medium-chain EP
Medium-chain triglycerides NF
Medium chain fatty acid triglyceride JPE

C8-C10 1

Labrafac™ PG Propylene glycol dicaprylocaprate EP
Propylene glycol dicaprylate/dicaprate NF C8-C10 1

Labrafil® M 1944 CS Oleoyl macrogol-6 glycerides EP
Oleoyl polyoxyl-6 glycerides NF C18:1 9

Labrafil® M 2125 CS Linoleoyl macrogol-6 glycerides EP
Linoleoyl polyoxyl-6 glycerides NF C18:2 9

Labrasol® Caprylocaproyl macrogol-8 glycerides EP
Caprylocaproyl polyoxyl-8 glycerides NF C8 12

Plurol® Oleique CC 497 Polyglyceryl-3 dioleate NF C18:1 3

Lauroglycol™ FCC Propylene glycol monolaurate (Type I) EP / NF C12 5

Lauroglycol™ 90 Propylene glycol monolaurate (Type II) EP / NF C12 3

Maisine® CC Glycerol monolinoleate EP
Glyceryl monolinoleate NF / Ch.P. C18:2 1

Peceol™ Glycerol mono-oleate (type 40) EP
Glyceryl monooleate (type 40) NF / Ch.P. C18:1 1

Transcutol® P Highly purified diethylene glycol monoethyl ether EP / NF NA NA

Determine the  
formulation objectives

•	 �Ensure drug has suitable properties 
for skin delivery

•	 �Determine the site of action, function 
of the therapeutic indication

•	 �Choose the most appropriate 
dosage form among lotion, foam, 
emulgel, cream, gel, bi-gel, balm, 
ointment, patch...

Assess drug 
permeation

•	 �Use Franz diffusion cells and 
standardized IVPT protocols

•	 �Test different combinations of 
solubilizers and penetration 
enhancers at different ratios

•	 �Select the best combination to deliver 
the therapeutic dose at the target site

Assess drug  
solubility

•	 Measure saturation solubility at 32°C

•	 �Test a range of various solubilizers, 
to increase drug solubility in the 
formulation

•	 �Test a pool of penetration enhancers 
with different mode of action, to 
facilitate diffusion of the drug in 
the skin
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Three main steps govern drug diffusion from the formulation to the skin:

•	 Solubility: the formulation must solubilize enough drug to deliver the therapeutic dose at the target site
•	 Partition: the drug must partition out of the delivery vehicle into the upper layers of the stratum corneum
•	 Diffusion: the drug molecule diffuses through the stratum corneum mainly via the intercellular path



A pool of penetration enhancers

with different modes of action
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Our chemical penetration enhancers have different mechanisms of action at the skin level.  
Used alone or in synergy they provide safe and efficient drug permeation.

Synergizing excipients to boost skin drug delivery
The synergy provided by a combination of different penetration enhancers has been widely documented. Using penetration 
enhancers with different modes of action for greater efficacy is recommended. Their performance needs to be assessed using 
diffusion cells.

Interacting with the aqueous domain

By penetrating in the stratum corneum, the penetration enhancers can change the solubility parameters of 
the skin and increase the solubility of the drug in the aqueous domain, enhancing the partitioning of the drug 
from the vehicle to the stratum corneum.

Solvents like water, propylene glycol, ethanol and Transcutol® P act this way. Compared to other solvents, 
Transcutol® P is less polar. Therefore, ionizable drugs will have an increased permeation in the presence of 
Transcutol® P.
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Interacting with the lipid domain

The penetration enhancers can change the structural organization of the lipid bilayers of the stratum 
corneum. The site of interaction can be the polar head groups of the lipid leading to fluidization of the 
intracellular lipids, or the alkyl chain of the lipid inducing disruption of the lipid packing.

Oleic acid is known for interacting with the lipid domain in the skin, causing dermal disruption without 
irritation. Our oleic-acid-containing excipients provide skin permeation properties in a similar and reversible 
manner: Labrafil® M 1944 CS, Peceol™ and Plurol® Oleique CC 497.
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Opening of tight junctions
Tight junctions are present in the stratum granulosum of the epidermis and constitute the second barrier to 
molecules on their paracellular passage from outside to inside.

C8-C10 derivatives such as Capryol® 90, Labrafac™ MC60 and Labrasol® are reputed to transiently open the 
tight junctions.
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Fluidizing membranes

The effectiveness of fatty acids as penetration enhancers depends on the fatty acid chain length and the 
degree of saturation. C12 saturated fatty acids and C18 unsaturated fatty acids are described as being the 
most efficient penetration enhancers acting by fluidization.

Our Lauroglycol™ co-surfactants contain mainly saturated C12 fatty acids. Our range of excipients containing 
long chain unsaturated fatty acids (C18:1 and C18:2) consists of: Labrafil® M 1944 CS, Labrafil® M 2125 CS, 
Plurol® Oleique CC 497, Peceol™ and Maisine® CC.
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Though it does not correlate with in vivo studies, In Vitro Release 
Test (IVRT), which uses synthetic membranes, is proven to be a 
successful technique to facilitate formulation development and 
approval processes.

In Vitro Permeation Test (IVPT), uses animal or human skin, and is 
used to understand the behavior of the components and evaluate 
the drug permeation. It is critical to guide product development and 
fundamental in understanding the efficacy of the formulation. An 
in vivo correlation is expected.

Gattefossé has developed standard IVRT and IVPT protocols to 
guide its customers in the choice of solubilizers and penetration 
enhancers for optimal skin drug delivery. 

Gattefossé is committed to knowledge sharing through conferences, 
webinars, publications, technical brochures and guidelines available 
on our website. Our aim is to give formulators the knowledge 
required to efficiently use lipid excipients in their formulations, to 
optimize drug delivery to the skin.

With a worldwide network of technical representatives and more 
than 20 high-level scientists and technicians in our Technical 
Centers of Excellence in China, France, India and the USA, we are 
continuously working to deepen our understanding of excipients and 
drug behavior in the formulation and how it interacts with the skin. 

We have met the challenges of formulating so many drugs, why 
not yours?

Capryol®, Labrafil®, Labrasol®, Maisine® and Transcutol® are registered trademarks of Gattefossé. Copyright November 2023.
The information given in this brochure is presented in good faith and we believe that it is correct at the moment of printing, but no warranty as to accuracy 
of results or fitness for a particular use is given. It cannot substitute for indispensable preliminary tests that must be conducted to ensure product 
suitability for each intended use. Nothing herein shall be construed as a recommendation or license to use any information that conflicts with any patent 
or trademark of our company or others. We make no representations or warranties, express or implied that any use of this information will not infringe 
any such patent or trademark. The user’s attention is also drawn to the possible risks incurred if a product is used for a purpose other than its designed 
purpose. The user shall be solely liable for the precautions taken relevant to the use made of the products. This information does not exempt the user from 
ensuring that he may possibly come under other obligations pursuant to laws or regulations other than those indicated relating to the possession and 
manipulation of the product for which he shall be solely liable.

Franz cell diffusion:  
A tool to evaluate the efficacy of a 
formulation for skin delivery

Our technical expertise:  
A shortcut for your development

Solubilizers & Penetration enhancers

Excipient selection

Standardized protocols 

Formulation development

In vitro release test (IVRT)

Sensory analysis​

In vitro permeation test (IVPT) 

In vitro drug release and permeation
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36 chemin de Genas - CS 70070 - 69804 Saint-Priest Cedex - France
+(33) 4 72 22 98 00

www.gattefosse.com
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