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ABSTRACT

The use of polymers for skin preparations is madiféAdvances in transdermal delivery systems arel th
technology involved have been rapid because ofdphistication of polymer science which now allansorporation of
polymeric additives in transdermal systems in adégjquantity. Polymer selection and design areriaigoimportance in
formulating various criteria of new transdermalteyss. In this review paper, typical polymers anakstitizers in topical

drug formulations and their usefulness is discussed
KEYWORDS: Backing Membrane Polymers, Plasticizers, TransdeBystem
INTRODUCTION

The skin has evolved into an extremely efficientriea, which prevents both excessive water losmftbe body
and the ingress of xenobiotics. It enables us tinstand a considerable range of environmental ehgdls. There are
different considerations to be taken into accowpgeahding on whether the drug is to be delivereddoal action or for
systemic action. For a drug to be administeredsttarmally, it has to be very potent. To a firstrappmation, feasibility
can be accessed from the daily dose. The secotdizrithe molecules should be small, have a loWwimgepoint (good
solubility properties), and have a l&g of ~ 2. Another factor that needs to be taken amosideration is the nature of the
functional groups on the molecule the ionizatioteptial, and hence pKa, of the drug. Many drugsveeek acids or
bases. The skin has a surface pH of around 4 tw5agood buffer capacity, probably owing to theeffatty acids that
make up an important component of the stratum eomkpids. When a drug is applied to the skin stefats ionization
state could change because of the acidic environmeor a compound like nitro-glycerine, which hadeal
physicochemical properties for transdermal deliieoyn a reasonable patch area, no more than 40 tadper day can

be delivered.
COMPOSITION OF TRANSDERMAL DRUG DELIVERY SYSTEMS

Although transdermal systems can be design ageiiffeype systems, following are the basic comptmesich

generally are used in the formulations of almolstygle of transdermal patches (Williams, 2003).
 Drug
*  Matrix
* Reservoir

» Semi-permeable (release) membrane
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* Adhesive
e Backing layer
* Release liner
» Solvents, penetration enhancers
» Plasticizers
Drug

The drug, of which transdermal system will be desiy should possess some physicochemical chastitt®ri
Drug should have relatively low molecular weigh6Q9 Dalton), medium level lipophilic character (18g1-3.5) and
water solubility (>100 mcg/ml). Also, the drug skablbe a potent compound, which is effective at ldese (<20 mg)
(Guy 1996; Quan 2010).

Matrix

In the formulation of matrix type transdermal sysse the drug is dispersed or dissolved in a polymatrix
(Delgado-Charro & Guy 2001; Williams 2003). Thistmawith polymer structure controls the releasteraf the drug.
Natural (e.g. pectin, sodium alginate, chitosanyntisetic (Eudragit, polyvinyl pyrolidon, PVA) andemisynthetic
polymers (e.g. cellulose derivatives) are usedagnper (Amnuaikit et al., 2005; Gungor et al., 2008 et al., 1991;
Nicoli et al., 2006; Schroeder et al., 2007,a).

Reservoir

In this type of transdermal patches, a semi-perteeai@mbrane controlling the drug release rate &lughe

drug presents in a reservoir as liquid or solidig@do-Charro & Guy 2001; Williams 2003).
Semi Permeable (Release) Membrane

It takes place in reservoir type transdermal systamd multi-layer adhesive systems. Ethylene-vapdtate
copolymer, silicones, high sdensity polyethylenglyester elastomers, cellulose nitrate and celtulasetate are used as

membrane. These membranes control the releasefrditegs (Williams 2003).
Adhesive

Adhesive should enable the transdermal systemsityesdhere to the skin and should not be irritdlgfgen for
skin. Generally, pressure-sensitive adhesives ae un transdermal systems. Commonly used pressmstive
adhesives are collected under 3 classes as afesyig polyisobutilene adhesives and c) polysitoadhesives (Williams
2003).

Backing Layer

It protects the system from external effects duadgqinistration and ensures integrity of the sysitethe storage
period. For this purpose, the materials imperme#dsle@lrug molecule are used as backing layer. Tdawking layer must
be inert and not compatible with the drug and othdrstances used in the formulation. Generallyletie vinyl acetate,
polyethylene, polypropylene, polyvinylidene chlaidind polyurethane are used as backing layer @i 2003).

Commercially available backing materials are aggiwn Table 1.
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Release Liner

This is the part which protects the formulatiomfrexternal environment and which is removed betlogesystem
is adhered to skin. Ethylene vinyl acetate, aluminfoil or paper can be used. ldeally, it shouldebsily peeled from the
adhesive layer and should not damage the structusdhesive layer. Also, silicone, fluorosiliconger fluorocarbon

polymers can be used (Williams 2003).
Solvents, Penetration Enhancers

Various solvents are used to solve or disperseptitgmer and adhesive or drug used in preparatiothef
transdermal systems. Among those, chloroform, nmethacetone, isopropanol and dichloromethane sed frequently.
Also, various penetration enhancer substancesdaledao the formulations to increase permeatiomfs&in of the drug.
Terpenes, fatty acids, water, ethanol, glycolsfasereffective substances, azone, dimethyl sulfoxice widely used in

the transdermal formulations as permeation enhgi¢gliiams 2003).
Plasticizers

In transdermal systems, plasticizers are used poawve the brittleness of the polymer and to prowvidgibility
(Williams 2003).

There are chemicals known to improve diffusion tiylo the skin. In general, these compounds havdasimi
structures in that they possess a polar head gradpa long alkyl chain. This indicates that theydtéo have surface-
active properties. The polarity of the head groupsyever, tends to be quite low (they are not oldygand they are
therefore less irritant than cationic and anionidactants. Compounds such as oleic acid are kriovimtercalate into the
structured lipids of the skin (Santoro A et al.0@D Here they reduce the diffusion resistanceetongation and aid drug

transport.

Polymers used in transdermal delivery systems shioave biocompatibility and chemical compatibilitjth the
drug and other components of the system such astmagion enhancers and PSAs. They also should geasdnsistent,
effective delivery of a drug throughout the produatended shelf life or delivery period and hayenerally-recognized-
as-safe status. From an economic point of viewelavety tool kit rather than a single delivery tasl most effective
(Davis SSet al., 1998). Companies involved in the field of tragisdal delivery concentrate on a few selective palgm
systems. For example, Alza Corporation (Mountaiew,i CA) mainly concentrates on ethylene vinyl aeetd&VA)
copolymers or micro porous polypropylene, and ®e&harmacia (Barceloneta, PR) concentrates oromsdicubber
(Baker RW et al., 1989).

MATRIX FORMERS

Polymer selection and desigh must be consideredhforfabrication of effective transdermal delivesystems.
The main challenge is in the design of a polymetrimaoptimization of the drug loaded matrix notlpnn terms of
release properties, but also with respect to iteesidn—cohesion balance, physicochemical propedies compatibility

and stability with other components of the systemvall as with skin (Wolff HM et al., 2000).

A monolithic solid-state design often is preferrémt passive transdermal delivery systems because of
manufacturing considerations. Although polymerictncas are used for rate control, adhesion (e.gRS#A), or

encapsulation of a drug reservoir in transdermbvely systems discussion in this section is limiite polymers that have
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been used in the design of matrices with or withiaté control.
CROSS-LINKED POLY (ETHYLENE GLYCOL) (PEG) NETWORKS

The polyethylene glycols (Macrogols) are liquideothe molecular weight range 200-700. The liquehthers
and semisolid members of the series are hygroscdpiey are used as solvent for drugs such as hgdisgne. The

macrogols are incompatible with phenols and caneedhe antimicrobial activity of other preservasy
Acrylic-Acid Matrices

Acrylic-acid matrices with plasticizers have beesed to make drug—polymer matrix films for transdairm
delivery systems. Some of the polymers that hawems lbeported are Eudragit RL PM, Eudragit S-100,r&gil RS PM,
and Eudragit E-100 (Costa P et al., 1997). EudidB#40D (a copolymer of ethyl acrylate and methgthacrylate), a no
adhesive hydrophobic polymer, also has been usadcharix former (Minghetti P et al., 1999). Théeeese rates of drugs

from these matrix systems are more closely desttilyethe square-root-of-time model.
Ethyl Cellulose (EC) and Polyvinylpyrrolidone (PVP)

EC and PVP matrix films with 30% dibutyl phthalate a plasticizer have been fabricated to delivitiazém
hydrochloride and indomethacin. The addition ofreythilic components such as PVP to an insolubie fdrmer such as
ethyl cellulose tends to enhance its release-ramstants. This outcome can be attributed to thehlag of the soluble
component, which leads to the formation of pores thus a decrease in the mean diffusion path leofgtlug molecules
to release into the dissolution medium. The reisuliigher dissolution rates. Substances such asdVRs ant nucleating
agents that retard the crystallization of a drugusthey play a significant role in improving tr@ubility of a drug in the
matrix by sustaining the drug in an amorphous fawnthat it undergoes rapid solubilisation by peat&n of the

dissolution medium (Ramarao P et al., 1998).
Hydroxypropyl Methylcellulose (HPMC)

HPMC, a hydrophilic swellable polymer widely usedaral controlled drug delivery, also has been evqd as a
matrix former in the design of patches of proprahbidrochloride. HPMC has been shown to yield icféms because of
the adequate solubility of the drug in the polymdatrices of HPMC without rate-controlling membranexhibited a
burst effect during dissolution testing becausepblgmer was hydrated easily and swelled, leadinthé fast release of
the drug (Guyot M et al., 2000).

Organogels

Some non-ionic surfactants such as sorbitane meaege, lecithin, and Tween tend to associate rienerse
micelles (Florence AT et al.,, 1982). These surfatstan an organic solvent, upon the addition of emaundergo
association reorientation to form a gel. These mogals can be used as a matrix for the transdetetiaery of drugs with
greater influx (Walde P et al., 1990). Bhatnagat slgas proposed a reverse micelle-based microeanutsi soy lecithin
in isooctane gelled with water as a vehicle fonsdermal delivery of propranolol. The transdernhak ©of propranolol
from this organogel increased 10-fold over a veha@mmposed of petrolatum (Bhatnagar S et al., 198djyonic lecithin
organogels also have been used as transdermagigetiystems because both hydrophobic and hydropdhiligs can be
incorporated into them. QOil-soluble drugs are nfikciwith the lecithin phase, and water-soluble drage miscible with

the aqueous phase.
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RATE-CONTROLLING MEMBRANES

Reservoir-type transdermal drug delivery systemstain an inert membrane enclosing an active agaat t
diffuses through the membrane at a finite, cordaté rate. The release rate— controlling membranebe nonporous so
that the drug is released by diffusing directlyotigh the material, or the material may containdfliilied microspores —
in which case the drug may additionally diffuseotigh the fluid, thus filling the pores. In the casknonporous
membranes, the rate of passage of drug moleculpsends on the solubility of the drug in the membrame the
membrane thickness. Hence, the choice of membrateria must conform to the type of drug being u&advarying the

composition and thickness of the membrane, thegdosate per area of the device can be controlled.
Ethyl Vinyl Acetate

EVA frequently is used to prepare rate-controlimgmbranes in transdermal delivery systems becaadiews
the membrane permeability to be altered by adjgdtie vinyl acetate content of the polymer. Fomepie, when ethylene
is copolymerized with vinyl acetate, which is nebiinorphism with ethylene, the degree of crystajliand the crystalline
melting point decreases and amorphousness increaseke solutes permeate easily through the anoaiphegions, the
permeability increases. The copolymerization aésuits in an increase in polarity. Hence, an irsén the vinyl acetate
content of a copolymer leads to an increase inbddgluand thus an increase in the diffusivity aflar compounds in the

polymers.
Silicone Rubber

The silicone rubber group of polymers has been isetany controlled-release devices. These polyriave an
outstanding combination of biocompatibility, eadefabrication, and high permeability to many im@ot classes of
drugs, particularly steroids. The high permeabitifythese materials is attributed to the free rotatiround the silicone

rubber backbone, which leads to very low microscefscosities within the polymer.
Polyurethane

The commonly used polyurethanes are of the polyetyyge because of their high resistance to hydilys
(Boretos JW et al., 1971), polyester polyurethanesently have become the focus of attention becadstheir
biodegradability (Kambe JW et al., 1999). Theseygstier or polyether urethanes are rubbery andivelatpermeable.
The hydrophilic-hydrophobic ratio in these polymeas be balanced to get the optimum permeabilibp@rties (Lyman
DJ et al., 1967). Polyurethane membranes are siigaipecially for hydrophilic polar compounds hayviow permeability
through hydrophobic polymers such as silicone rulob&VA membranes (Baker RW, 1979).

PRESSURE-SENSITIVE ADHESIVES (PSAS)

A PSA is a material that adheres with no more thpplied finger pressure, is aggressively and peemn
tacky, exerts a strong holding force, and shouldelneovable from a smooth surface without leavimgsidue (Pocius AV
et al., 1991). Adhesion involves a liquid-like flowsulting in wetting of the skin surface upon #pplication of pressure,
and when pressure is removed, the adhesive séhstirstate. For an adhesive bond to have measustiblegth, elastic
energy must be stored during the bond-breakinggacTherefore, pressure-sensitive adhesion isaeadteristic of a
visco-elastic material. The balance of viscous flmwd the amount of stored elastic energy determheaisefulness of a

PSA material (Franz TJ., 1991). Acrylic-, polyistidane-, and silicone-based adhesives are usedyninghe design of
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transdermal patches (Barnhart S et al., 1998 & H&n 1999). The selection of an adhesive is based aomber of
factors, including the patch design and drug foatiah. For reservoir systems with a peripheral adliee an incidental
contact between the adhesive and the drug or @iegirenhancers must not cause instability of they.dpenetration
enhancer, or the adhesive. In the case of resesysiems that include a face adhesive, the diffudiig must not affect

the adhesive.
Polyisobutylene (PIB)

Isobutylene polymerizes in a regular head-to-&guence by low-temperature cationic polymerizatoproduce
a polymer having no asymmetric carbons. The phigicaperties of the polymer change gradually wititcreasing
molecular weight. Low molecular weight polymers aiscous liquids. With increasing molecular weigtite liquids
become more viscous, and then change to balsanstiddey masses and finally form elastomeric solRI8 PSAs usually
comprise a mixture of high molecular weight and lowlecular weight fractions. High molecular weighiB has a
viscosity average molecular weight between 450,800 2,100,000, and low molecular weight. PIB has ¢chemical
properties of a saturated hydrocarbon. It is rgaddluble in nonpolar liquids. Cyclohexane is arcadbent solvent,

benzene is a moderate solvent, and dioxane is soh@mt for PIB polymers (Kruge E et al., 1991).
Polyacrylates

Polymers of this class are amorphous and are disshed by their water-clear colour in solution atability
toward aging. Acrylic polymers are highly stablengmunds. Unless they are subjected to extreme wonsli acrylic
polymers are durable and degrade slowly. Oxidatiggradation of acrylic polymers can occur in higagsure and
high-temperature conditions by the combination xofgen with the free radicals generated in the pelyto form hydro
peroxides (Burgess AR et al., 1952). Acrylic polymand copolymers have a greater resistance todoidic and alkaline
hydrolysis than do poly (vinyl acetate) and vingetate copolymers. In extreme conditions of aciditylkalinity, acrylic
ester polymers can be made to hydrolyze to polgyliacacid) or to an acidic salt and the correspogdalcohol. Acrylic
polymers are insensitive to normal UV degradatienause the primary UV absorption of acrylics octuglew the solar

spectrum.
Silicones

Silicone PSAs comprise polymer or gum and a taakifyresin. Medical-grade silicone adhesives congalaw
viscosity dimethylsiloxane polymer (Pfister W.Ragt 1989), which has a terminal silanol group. EHieone resin has a
three-dimensional silicate structure that is engpea with trim ethyl siloxy groups and containsidaal silanol
functionality (Woodard JT et al., 1987). The adhesis prepared by cross linking the reactants iltem by a
condensation reaction between silanol groups onlitlear poly (dimethylsiloxane) polymer and silieatesin to form
siloxane bonds (Si-O-Si). Unlike acrylic-, rubbeand PIB-based adhesives, medical-grade silicomnesies do not

contain organic tackifiers, stabilizers, antioxitiamlasticizers, catalysts, or other potentiallyi¢ extractable.

Some of the silicone PSAs contains a significangrele of free silanol-functional groups. Certain raoni
functional drugs can act as catalysts to causbadurross-links between these silanol groups. Tihiganted reaction can
be reduced, thus enhancing a PSA’s chemical dtglily end capping the silanol groups with methylups by means of
a trim ethyl silylation reaction. Some of the tramemponents in acrylic-adhesive blends reacted aittariety of drugs

and caused colouring, which deepens with time. Pnagblem was overcome when 2-mercaptobenzimidaantdor
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propyl gal late were incorporated into the adhesteenposition (Muraoka T et al., 2000). Differentlypoers and
plasticizers used in transdermal system are givehe Table 2.

Hot-Melt PSAs (HMPSAS)

Typical PSAs include a volatile organic solvent feducing the viscosity of the composition to atcdze room-
temperature viscosity. After the product is coatéd, organic solvent is removed by evaporation. Wey are heated,
HMPSAs melt to a viscosity suitable for coatingt tMnen they are cooled they generally stay in aléas state. HMPSAs
are advantageous over solvent-based systems bdabayse

e Do not require removal and containment of the sulve
« Do not require special precautions to avoid fire
« Are amenable to coating procedures other than tbasenonly used with solvent-based systems

* Are more easily coated into full thickness with mmal bubbling, which often results with solvent-¢taining
PSAs

Of these polymers, EVA copolymers are most widelgdus Polybutenes, phthalates, and tricresyl phospften
are added as plasticizers to improve mechanicatkshesistance and thermal properties. Antioxidaish as hindered
phenols are added to prevent oxidation of ethyleamed hot-melt adhesives. Fillers opacify or modifyadhesive’s flow
characteristics and reduce the cost. Paraffin aidonrystalline wax are added to alter the surfabaracteristics by
decreasing the surface tension and the viscositigeomelt and to increase the strength of the adhepon solidification.
Moisture-curing urethanes have been attempted ass-inking agents to prevent creep under the lohdhese

thermoplastic materials. Silicone-based adhesilgesaae amenable to hot-melt coating.
BACKING LAYER

When designing a backing layer, the developer ngigeé chemical resistance of the material foremost
importance. Excipient compatibility also must be@esly considered because the prolonged contautdas the backing
layer and the excipients may cause the additivdsaoh out of the backing layer or may lead tousiin of excipients,
drug, or penetration enhancer through the layewédver, an overemphasis on the chemical resistafter may lead to
stiffness and high occlusivity to moisture vapod air, causing patches to lift and possibly iratéte skin during long-
term wear. The most comfortable backing may beotteethat exhibits the lowest modulus or high flditig good oxygen
transmission, and a high moisture-vapor transnissite (36). In a novel modification to the convemal design, a patch
was fabricated in which the backing itself acted asservoir for the drug. The upper internal pordf the drug reservoir
infiltrated the porous backing and became solidifieerein after being applied so that the reserand the backing were
unified. This modification enabled the backing litde act as a storage location for the medicationtaining reservoir
(Rolf D et al., 2000).

RELEASE LINER

During storage the patch is covered by a protedingr that is removed and discharged immediateffpie the
application of the patch to the skin. It is therefoegarded as a part of the primary packaging nahtather than a part of

the dosage form delivering the active principleni8eo A et al., 2000). However, because the lisaniintimate contact
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with the delivery system, it should comply with sifie requirements regarding the chemical inertreass permeation to
the drug, penetration enhancer, and water. In cases-linking is induced between the adhesive haddlease liner, the
force required to remove the liner will be unacedpt high (Pfister WR et al., 1990). Manufacturelease liners made of

fluoro polymers (Scotchpak 1022 and Scotchpak 93¥PDrug Delivery Systems, St. Paul, MN).
PLASTICIZERS

Plasticizers are generally non-volatile organiwility or solids with low melting temperature and wiaelded to
polymers, they cause changes in definite physiedlrmechanical characteristics of the material (Bhidya et al., 2010;
Felton et al., 2007; Gooch et al., 2010; Meierl e2804).

PLASTICIZERS IN TRANSDERMAL DRUG DELIVERY SYSTEMS

Many of the polymers used in pharmaceutical fortotes are brittle and require the addition of esptazer into
the formulation. Plasticizers are added to pharmgcad polymers intending to ease the thermal whoitkg, modifying
the drug release from polymeric systems and impigp¥he mechanical properties and surface propesfieke dosage
form (Felton, 2007; Lin et al., 2000; Wang et &D97; Wu & McGinity, 1999; Zhu et al., 2002).

The plasticizers used in pharmaceutical formulati@irable 3) present;

* in coating material of solid dosage forms, and

* Intransdermal therapeutic systems.

It is observed that the plasticizers added to ttamsal therapeutic systems are mostly used in tbpoptions
between 5-20%. Following are the reasons whichb@aoounted among those for adding plasticizerbagblymer films

to be used in transdermal drug delivery systems:
* Reducing the brittleness
* Improving flow
»  Ensuring flexibility
» Enhancing the resistance and tear strength ofdhener film (Bergo & Sobral, 2007;
Felton, 2007; Rao & Diwan, 1997)

In studying the mechanical properties of transdéqmasches or films, tensile testing is the primaritterested
subject. Tensile tests enable to study the mechbpioperties of the formulation such as stressrstturves and stress at
failure. These properties provide information abihg resistance to damage during storage and u$ageeffect of the
type and proportion of the plasticizer in a forntida on the mechanical properties can also be wtoled by this way
(Gal & Nussinovitch, 2009; Rajabalaya et al., 2010)

The tensile strength of the transdermal films \avigth the type of the polymer and plasticizer useédnerally a
soft and weak polymer is identified with low teesstrength and low elongation values, a hard aittlebpolymer is
identified with moderate tensile strength and Idangation values and a soft and tough polymer éntified with high

tensile strength and high elongation values (Bhar&at al., 2010).

Although triacetin is considered as a good plaaticifor Eudragit E transdermal films, it has beetedmined
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that, addition of a secondary plasticizer suchagethylene glycol 200, propylene glycol, diethyitpalate or oleic acid

to the system positively affects the transparefieyibility and adhesive properties of the film (Let al., 1991).
CONCLUSIONS

There are several considerations in the optiminatioa transdermal drug delivery system. The chaim design
of polymers, adhesives, penetration enhancers dastigizers in transdermal systems are crucial dorg release
characteristics as well as mechanical propertighefformulation. Beside the other components afiddermal patches,
plasticizers also significantly change the viscsgtaproperties of the polymers. The reasons ferutbe of plasticizers in
transdermal drug delivery systems are the improweneé film forming properties and the appearancettad film,
preventing film cracking, increasing film flexiktiji and obtaining desirable mechanical propertié®réfore, the selection

of the plasticizer type and the optimization ofdtsicentration in the formulation should be catgfabnsidered.

Table 1: Commercially Available Backing Materials

Product Polymer
CoTrans 9701 Polyurethane film
Co Trans 9706 Ethyl vinyl acetate

CoTrans 9720
CoTrans 9722

Polyethylene

Foam tape 9772L

Poly vinyl chloride foam

Foam tap 9773

Polyolefin foam

Poly ethylene, Poly(ethylene terephthalate)

Scotchpak 9732 & 9733

(polyester)

Scotchpak1006 (polyester), Ethyl vinyl acetate
Scotchpak 1109
Scotchpak 9723 Poly ethylene, Poly(ethylene terephthalate)

Table 2: Different Polymers and Plasticizers usechi Transdermal Systems

Acrylate polymer

Type of
Polymer Plasticizer (Yow/w) Transdermal References
System
PVA:Chitosan Sorbitol (20%) Drug free film Rao & Diwan 1997
Sucrose
PVA72000 Glycerine (4%) Matrix Padula et al 2003
PVA Sorbitol solution (2%) matrix Nicoli et al 2005
HPMC
E_u_draglt RLPO Triethylcitrate (6%) Film formmg . Schroeder et al 20074
ilicon gum polymeric solution

Eudragit E100:Eudragit

NE40D Triacetin (20%) Matrix Lin et al 2008
i 0
HPMC:EC Dibutyl phthalate (30%) | .ty Limponge et al 2008
Triethyl citrate
PVA Glycerine (20%) .
PVP PEG 400 (40%) Matrix Barhate et al 2008
i i 0,
Eudragit E100 Triacetin (10%) Matrix Elgindy et al 2009
Propylene glycol
PVA:PVP Propylene glycol (30%) .
EC:PVP Dibutyl phthalate (30%) | M3 Jadhav et al 2009
EC:PVP . i _
EC:HPMC Dibutyl phthalate (6%) Matrix Bagchi et al 2010
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Table 3: Plasticizers Used in Pharmaceutical Formaltions (Wypch 2004)

Hydrophilic(H)
/Lipophilic (L)

Glycerol & esters H

Group Plasticizer

Glycerine, glycerine triacetate,
glyceryl tributyrate
H Propylene glycol, polyethylene
glycol
Oleic acid esters H Oleil oleate
Sugar alcohol H Sorbitol
H
L

Glycol derivatives

Citric acid esters Triehtyl citrate, tributyl Gite

. . Dibutylphthalate,
Phthalic acid esters Diethylphthalate
Sebacic acid esters| L Dibutyl sebacate, Diethyl

sebacate
Tartaric acid esters| L Diethyl tartarate
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