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Abstract: Novel techniques for drug delivery have been investigated in human medicine in recent years. The transdermal 

route of drug delivery has attracted researchers due to many biomedical advantages associated with it. However, excellent 

impervious nature of skin is the greatest challenge that has to be overcome for successfully delivering drug molecules to 

the systemic circulation by this route. One long-standing approach for improving transdermal drug delivery uses penetra-

tion enhancers (also called sorption promoters or accelerants) that can reversibly compromise the skin’s barrier function 

and consequently allow the entry of otherwise poorly penetrating molecules into the membrane and through to the sys-

temic circulation. A large number of fatty acids have been used as permeation enhancers. They have proven to be effec-

tive and safe sorption promoters. This present review includes the classification, feasibility and application of fatty acids 

as sorption promoters for improved delivery of drug through skin. 
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INTRODUCTION 

 Continuous intravenous infusion at a programmed rate 
has been recognized as a superior mode of drug delivery not 
only to bypass the hepatic first pass elimination but also to 
maintain a constant, prolonged, and therapeutically effective 
drug level in the body. However, such a mode of drug deliv-
ery entails certain risks and therefore necessitates hospitali-
zation of patients and close medical supervision of the medi-
cation. Benefits of intravenous drug infusion can be closely 
duplicated, without its potential hazards, by continuous 
transdermal drug administration through intact skin [1, 2]. It 
has many advantages over intravenous and oral administra-
tion [3] but human skin is designed to separate and protect an 
organism from the external environment [4]. As a barrier to 
chemical transport, the skin is rather efficient, and rate of 
diffusion of most substances is slower through the skin than 
through other biological membranes, thereby limiting topical 
and transdermal bioavailability [5] Many approaches are 
available to increase the drug permeation across the skin, and 
the most commonly used approach is that of sorption pro-
moters, also known as penetration enhancers [3,6]. These 
have been used in transdermal research since the 1960s [7].

 

Wide varieties of fatty acids have been used to increase per-
cutaneous drug absorption. Fatty acids are a part of the stra-
tum corneum lipids, either free or in ceramides. In recent 
report, it has been described that ceramides containing 
shorter fatty acids actually act as penetration enhancers [8]. 
Fatty acids are very safe [9] and effective class of penetra-
tion enhancers, obtained from various animal and vegetable 
sources [10]. Similar related compounds such as fatty alco-
hols showed significant skin irritation in experimental ani-
mals [11] and are less potent than fatty acids [12]. Although 
fatty acid sucrose esters are safe but are found to be less ac- 
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tive than unsaturated fatty acids [13]. In this paper we pre 
sent a brief introduction to fatty acids followed by a review 
of various reports on the utility of fatty acid as penetration 
enhancers. 

FACTORS GOVERNING THE ACTIVITY OF FATTY 

ACIDS AS PENETRATION ENHANCERS 

 The activity of fatty acids as penetration enhancers is 
primarily related to their chemical structure as well as the 
physico-chemical properties of the drug, as mentioned be-
low. 

INFLUENCE OF THE CHAIN LENGTH OF THE 

FATTY ACID AND SOLVENTS ON THE SKIN 

PERMEATION OF PERMEANT 

 Fatty acids with short chain (such as capric acid) were 
able to perturb the SC lipids in lipophilic solvent, whereas 
long chain fatty acids showed higher permeation in hydro-
philic solvent (e.g. PG –based formulation). Nature of sol-
vent and type of chain length played an important role in the 
interaction between fatty acids and the intercellular lipids in 
the Stratum Corneum [14]. In another study, parabolic rela-
tionship between the carbon chain length of saturated fatty 
acids and enhancement of drug permeation has been reported 
[15]. Attachment of polar head group top C10-C12 of satu-
rated alkyl chain length yields a potent enhancer [16, 17].

 
In 

contrast, for penetration enhancers containing unsaturated 
alkyl chains, then C18 appears near optimum. For such un-
saturated alkyl chains, the best cis-configuration is expected 
to disturb intercellular lipid packing more so than the trans 
arrangement, which differs little from the saturated analogue 
[16, 17]. The ratio of delta/Omega chain length of the cis-
unsaturated fatty acids also determines the efficacy of these 
compounds as skin penetration enhancer. An adequate mo-
lecular volume may be required for cis-unsaturated fatty ac-
ids to act as enhancers. The rate of skin structure alteration 
increased in proportion to omega chain length [18]. 
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DEGREE OF UNSATURATION 

 Fatty acids with a higher degree of Unsaturation are good 
candidates to enhance the permeation of drugs. Unsaturated 
fatty acids showed higher enhancement than saturated fatty 
acids, and the enhancement increased with the number of 
double bonds [17, 19]. 

 Position of double bond also affects the enhancing activ-
ity of fatty acids. Differences in the physicochemical proper-
ties of fatty acid which originate from differences in the 
double bond position most likely determine the efficacy of 
these compounds as skin penetration enhancers. Skin distri-
bution increases as the position of the double bond is shifted 
towards the hydrophilic end. It has also been reported that 
fatty acid which has a double bond at an even number posi-
tion more rapidly effects the perturbation of the structure of 
both the stratum corneum and the dermis than fatty acid 
which has double bond at an odd number position [20]. Cis-
unsaturation in the chain increases activity [21]. Fatty acids 
are classified in Table 1. The application of wide variety of 
monounsaturated, polyunsaturated & saturated fatty acids in 
the area of transdermal drug delivery are discussed herein 
and a summary is presented in Tables 2, 3 & 4 respectively. 

Table 1. Classification of Fatty Acids on the Basis of Degree 

of Saturation 

Saturated Caprylic acid ; capric acid ; lauric 

acid; Myristic acid; palmitic acid; 

Unsaturated  

 Monounsaturated  Oleic acid, Elaidic acid 

 Polyunsaturated �-linoleic acid; �-linolenic acid; �-

linolenic acid 

10-methyl palmitic acid, 10-

methyl hexadec-9-enoic acid,  

Branched  

7-methyl octanoic acid, 9-methyl 

decanoic acid, 8-ethyl decanoic 

acid, 10-ethyl dodecanoic acid. 

BRANCHING 

 Shorter chain non terminal branching fatty acids were not 
significantly differ from those of the linear ones of the same 
carbon number. They reflected the same parabolic relation-
ship between the chain length and enhancing activity as the 
linear ones [22]. Larger terminal branched fatty acids causes 
greater disruption of the lipid chain packing than the linear 
chains and exhibited greater influence on their permeation 
enhancing effect. Ethyl branching is more effective than 
methyl branching [23]. It has also been reported that branch-
ing near the polar head decreased the permeation enhancing 
effect. Such branching, apart from the above mentioned in-
teractions, could sterically hinder the polar group and de-
crease, for example, its hydrogen bonding ability [24, 25]. 

OLEIC ACID 

 Oleic acid ((Z)-octadec-9-enoic acid) is a dietary mono-
unsaturated omega-9 fatty acid and a component of natural 
fat derived from either vegetable oils or animal fat [26]. 
Oleic acid softens and moisturizes skin. Because of its skin 

nourishing properties specialized vegetable oils have been 
produced and made available commercially for example high 
content sunflower oil. The high oleic sunflower oil is a actu-
ally a type of sunflower that is grown for this purpose in 
which the triglycerides can contain 80% of oleic acid. It is 
used as carrier oil offering smoothing and moisturizing prop-
erties. Treatment with topical oleic acid has a beneficial and 
lasting effect on skin papiillomas [27]. Oleic acid has been a 
traditional and, arguably, the most popular penetration en-
hancer among wide variety of fatty acids. Oleic acid is 
claimed to be a better skin penetration enhancer than azone 
and cineole for the percutaneous delivery of Levonorgestrel 
(LNG) [28]. Mittal et al. reported that oleic acid presented 
higher permeability coefficient for Nitrendipine than some 
essential oils[29]. In another study, combination of oleic acid 
and cineole synergistically enhanced transdermal flux of 
zidovudine [30]. Dimas et.al. reported that oleic acid could 
increase sufficiently the permeation of ondansetron [31]. 
Oleic acid provided a 57 fold increase in the permeation of 
ketoprofen [32].Larrucea et.al. reported that oleic acid dra-
matically improved tenoxicam percutaneous permeation 
[33]. In another study, oleic acid provided a 348 fold in-
crease in the permeation of tenoxicam [34]. The combination 
of lauroyl choline with oleic acid is reported as the most ef-
fective enhancer system for permeation of acyclovir, across 
hairless mouse skin [35]. Oleic acid provided 4 fold increase 
in �-estradiol [36]. Oleic acid dramatically enhanced the skin 
permeation of Dideoxynucleoside type anti HIV drug (Zal-
citabine, Didanosine, Zidovudine) while reducing lag time 
[37]. Jenner et.al reported that inclusion of oleic acid along 
with propionic acid allowed the amount of physostigmine 
and the size to be substantially reduced [38]. Oleic acid gave 
better permeation rate at 24 h than L-menthol, cineol etc for 
nimodipine [39]. Oleic acid provided 176 fold increase in 
histine flux and 48 fold increase in the permeation of pheny-
lalanine. The permeation was significantly higher than 
azone, isopropyl myristate, valine etc [40]. Oleic acid in pro-
pylene glycol had the strongest enhancing effect on transcu-
taneous permeability of lappaconitine gel in vitro [41]. 
Halina et al. demonstrated increased skin penetration of 
isosorbide dinitrate by oleic acid and propylene glycol [42]. 
Regression analysis identified positive synergistic interac-
tions among the formulation components propylene glycol, 
cis-oleic acid, and dimethyl isosorbide, which strongly af-
fected nifedipine permeation. A mixture of propylene glycol, 
oleic acid and dimethyl isosorbide yielded optimal flux and 
lag time [43]. A combination of oleic acid and randomly 
methylated �-cyclodextrin (RAMEB) greatly increased by 
about 30 fold the flux of S-9977hcl [44]. Oleic acid in-
creased both the iontophoretic and post iontophoretic trans-
port of nicotine and salbutamol, so that the enhancement of 
drug delivery was greater than that caused by the current 
alone [45]. Esmail M Niazi reported oleic acid to be most 
effective enhancer tested, increasing the percutaneous ab-
sorption of DHE by 208 fold [46]. S.Santoyo et al. reported 
oleic acid to be most efficient enhancer for piroxicam, than 
linoleic acid, oleyl alcohol, oleic hexyl ester, isopropyl 
myristate & DMSO [47]. In another study the transdermal 
flux of liarozole in Propylene glycol and oleic acid mixture 
increased by a factor of 1.7 [48]. Golden et al. reported that 
Oleic was much more effective enhancer than Elaidic acid, 
its trans isomer in enhancing Salicylic flux across porcine



276    Current Drug Delivery, 2009, Vol. 6, No. 3 Mittal et al. 

Table 2. Applications of Monounsaturated Fatty Acid (Oleic Acid) in Transdermal Drug Delivery 

Permeant  Description Ref 

Levonorgestrel (LNG) OA enhanced synergistically the permeation of LNG with aqueous ethanol. [28] 

Nitrendipine OA presented higher permeability coefficient for Nitrendipine as compared to essential oils.  [29] 

Zidovudine  Combination of OA with cineole synergistically enhanced transdermal flux of zidovudine [30] 

Ondansetron  OA increased sufficiently the permeation [31] 

Ketoprofen  OA provided 57 fold increase in ketoprofen flux [32] 

Tenoxicam  dramatically improved percutaneous permeation  [33] 

Tenoxicam  OA provided 348 fold increase in tenoxicam flux [34] 

Acyclovir  Combination of lauroyl choline and OA found to most effective enhancer system for permeation of acyclovir [35] 

�-estradiol  OA provided 4 fold increase in �-estradiol flux  [36] 

Dideoxy nucleoside type  

anti HIV drugs 

nucleoside OA dramatically enhanced the skin permeation 

While reducing lag time. 

[37] 

Physostigmine  OA and prpionic acid increase permeation significantly [38] 

Nimodipine  OA gave better permeation rate than L-menthol, Cineole, etc [39] 

Histine  176 fold increase in flux [40] 

Phenylalanine  provided 48 fold increase in flux , gave better  

Permeation than azone, valine, etc  

[40] 

Lappaconitine  OA in propylene glycol had strongest enhancing efect on transcutaneous permeability of lappaconitine gel in 

vitro 

[41] 

Isosorbide dinitrate OA in propylene glycol increased the flux of Isosorbide dinitrate [42] 

S-9977 Hcl  Combination of OA and randomly methylated �-cyclodextrin provided 30 fold increase in S-9977 Hcl flux. [44] 

Nicotine  OA increased both iontophoretic and post iontophoretic transport. [45] 

Salbutamol  OA increased iontophoretic transport  [45] 

Dihdro ergotamine(DHE) Provided 208 fold in DHE flux [46] 

Piroxicam  OA was found to be most efficient enhancer than Oleyl alcohol, oleic hexyl ester, isopropyl myristate, di-

methyl sulfoxide. 

[47] 

Liarozole  Combination of oleic acid and propylene glycol provided 1.7 fold increase in liarozole skin flux.  [48] 

Salicylic acid  Oleic was much more effective enhancer than Elaidic acid , its trans isomer in enhancing Salicylic flux across 

porcine skin. 

[49] 

5-aminolevulinic acid  Both in vivo and in vitro results showed Oleic acid potential as an optimizer of  5-ALA skin delivery. [50] 

Lidocaine Hydrochloride Oleic acid showed significant enhancing effect when compared to fatty acid sucrose esters.  [13] 

 

Table 3. Applications of Polyunsaturated Fatty Acid in Transdermal Drug Delivery 

Fatty acids  Permeant Description Ref 

linoleic acid (LA)  aspalotone significant increase in the permeation across rat skin [61] 

� -Linolenic acid  insulin enhanced iontophoretic and epidermal transport [68] 
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Table 4. Applications of Saturated Fatty Acid in Transdermal Drug Delivery 

Fatty acids  Permeant Description Ref 

Caprylic acid  ketoralac optimized enhancer for percutaneous absorption [70] 

Capric acid  melatonin  enhanced skin permeation [71] 

metaproterenol  increased diffusivity [63] 

albuterol sulfate  increased delivery from polymeric gel [64] 

Lauric acid 

 antiestrogen enhanced delivery in PG [65] 

Myristic acid  clobetasol formulation showed bioequivalence with commercial dernovate cream  [72] 

LHRH  enhanced percutaneous delivery [66] Palmitic acid 

Amino acid apparent permeability coefficient were enhanced significantly at pH 7.4 [67] 

 

skin [49]. Oleic acid was also found to be an optimizer of 5-
aminolevulinic acid skin delivery[50]. Oleic acid showed 
significant enhancing effect on the permeation of Lidocaine 
Hydrochloride when compared to fatty acid sucrose esters 
[13]. Considerable efforts have been directed at investigating 
the mechanism of action of oleic acid as a penetration en-
hancer in human skin. It is clear from numerous literature 
reports that the enhancer interacts with and modifies the lipid 
domains of the stratum corneum, as would be expected for a 
long chain fatty acid with a cis configuration. Oleic acid acts 
as a skin penetration enhancer by forming together with stra-
tum corneum lipids a new type of lipid domain which are 
responsible for decreased capacity of skin barrier function 
after oleic acid treatment [51]. Another report state that due 
to the great similarity with stratum corneum, Oleic acid is 
likely to penetrate into the barrier domain. Once incorpo-
rated, the ‘Kinked’ structure (arising from the cis double 
bond) of oleic acid will disrupt and increase the fluidity of 
the lipid packing, and hence ,decreasing the diffusional resis-
tance to permeants [52-54].

 
Another mode of action that has 

been postulated is that the oleic acid decreased the diffu-
sional path length due to generation of pores on the surface 
of epidermal corneocytes [55].

 
Solid state deuterium nuclear 

magnetic resonance revealed that oleic acid extracts a frac-
tion of the endogenous stratum corneum membrane compo-
nents, promoting phase separation in the stratum corneum 
membrane system, reducing the proportion of crystalline 
lipids and creating more permeable oleic acid rich domains, 
a plausible mechanism that explains how oleic acid enhances 
transdermal penetration [56].

 
In another report oleic acid 

decrease the phase transition temperatures of the skin lipids 
with a resultant increase in motional freedom or fluidity of 
these and hence decrease diffusional resistance [57-59]. Un-
saturated fatty acids increased the apparent diffusion coeffi-
cient of the drug but did not affect their apparent stratum 
corneum/vehicle partition coefficient [60]. 

 

 Due to it’s multiple penetrative mechanism, oleic acid is 
capable of augmenting permeations for both hydrophilic and 
lipophilic permeant as discussed above. 

LINOLEIC ACID 

 Linoleic acid (cis, cis- 9,12-octadecadienoic acid) is an 
unsaturated omega-6 fatty acid [26]. It is a colorless liquid. 

In physiological literature, it is called 18:2 (n-6).Chemically, 
linoleic acid is a carboxylic acid with an 18 carbon chain and 
two cis double bonds, and the first double bond is located at 
the sixth carbon from the omega end. Linoleic acid is used in 
making soaps, as emulsifier and quick-drying oils. Safflower 
oil and poppy seed oil contains 78% & 70% of linoleic acid 
respectively. Linoleic acid in propylene glycol significantly 
increased the permeation of aspalatone, a novel antithrom-
botic agent [61] across rat skin. Linoleic acid reported as 
optimized penetration enhancer for insulin across rat skin, 
compared with lauric acid, oleic acid and linolenic acid [62]. 

LAURIC ACID 

 Lauric acid (dodecanoic acid) is a saturated fatty acid 
with the structural formula CH3 (CH2)10 COOH. It is the 
main acid in coconut oil and in palm oil. It is believed to 
have anti microbial activity [26]. Lauric acid increased diffu-
sivity of metaproterenol sulfate in the skin by forming a 
complex and by affecting its partition coefficient between 
the skin and the delivery system [63]. Lauric acid produced 
greater permeability of albuterol sulfate from polymer gel 
across biological membrane [64].

 
Lauric acid is reported to 

be the most efficient penetration enhancer for transdermal 
iontophoresis of insulin across rat skin, compared with oleic 
acid, linolenic acid and linoleic acid. It provided 29 fold in-
crease in transdermal iontophoresis of insulin across rat skin 
[65].  

PALMITIC ACID 

 Palmitic acid (hexadecanoic acid) found in animals and 
plants. As its name indicates, it is major component of the oil 
from palm trees [26]. Palmitic showed significant enhance-
ment in percutaneous absorption of luteinizing hormone re-
leasing hormone (LHRH). Palmitic acid provided 16 fold 
enhancement in the flux of LHRH [66]. Apparent permeabil-
ity coefficient of amino acids were enhanced significantly at 
pH 7.4 [67].  

�-LINOLENIC ACID 

 �-Linolenic acid (ALA) is an organic compound found in 
many common vegetable oils. Systematically it is named as 
(9Z, 12Z, 15Z)--octadecatrienoic acid) [26]. In physiological 
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literature, it is given the name 18:3 (n-3). ALA is a carbox-
ylic acid with an 18 carbon chain and three cis-double bonds. 
The first double bond is located at the third carbon from the 
n end, thus ALA is a polyunsaturated n-3 (omega-3) fatty 
acid. It is an isomer of �-linolenic acid, a polyunsaturated n-6 
(omega-6) fatty acid. � -Linolenic acid produced greater 
permeability of insulin through epidermis than palmitic, 
palmitoleic, stearic, oleic, linoleic, limonene during passive 
(44.45 x 10(-4) cm/h) and iontophoretic (78.03 x 10(-4) 
cm/h).The mode of action of acceleration may be described 
by combined process of partition and diffusion [68].  

CAPRYLIC ACID 

 Caprylic acid (n-octanoic acid) [26] is the common name 
for eight carbon straight fatty acid. It is found naturally in 
coconuts and breast milk. Caprylic acid is known to have 
anti-fungal properties and is often recommended by nutri-
tionists for the treatment of candidiasis . Caprylic acid had 
the strongest enhancing effect with an Enhancement factor of 
3.09 than non-ionic surfactants. The 0.16% pranoprofen gel 
containing caprylic acid as an enhancer reduced the edema 
size by approximately 73% [69]. Caprylic acid found best 
enhancer for ketorolac tromethamine percutaneous absorp-
tion than capric acid, lauric acid, oleic acid and linoleic acid. 
The highest enhancing effect was attained with 10% caprylic 
acid [70].  

CAPRIC ACID 

 Capric acid (Decanoic acid) [26] is a type of carboxylic 
acid. It is used industrially in the manufacture of perfumes, 
food additives and pharmaceuticals. Its decanoate form is 
used to develop depot injections (www. en.wikipedia.org/ 
wiki/caprylic acid). Gwak et al. reported that capric acid 
containing diethylene glycol monoethyl ether propylene gly-
col laurate (80:20 v/v) could be used to enhance the skin 
permeation of melatonin [71].  

MYRISTIC ACID 

 Myristic acid (Tetradecanoic acid)[26] is a common satu-
rated fatty acid with mol formula CH3(CH2)12COOH. It is 
named after the nutmeg (Myristica Fragrans). Nutmeg butter 
is 75% trimyristin, the triglycerides of myristic acid. Besides 
nutmeg myristic acid is also found in palm oil, butter fat and 
spermacetin, the crystaliized fraction oil from the sperm 
whale..Fang et al reported that myristic acid added formula-
tion may show a bioequivalence with commercial Dermovate 
cream (Clobetasol 17 propionate cream) [72]. 

CONCLUSION 

 Facilitation of the absorption of drug molecules by fatty 
acid has been well documented. They have been proven safe 
and effective permeation enhancers. In many instances they 
have been found to be more effective than other popular en-
hancers such as terpenes, azone etc. The authors see their 
broader role in the permeation of wide varieties of drugs in 
near future.  
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