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Abstract-The penetration enhancer, 1-[2-(decylthio)ethyl]azacyclopentan-2-one (HPE-IOl), significantly 
enhanced the excretion of topically applied [14C]indomethacin when dissolved in dipropylene glycol, 
triethylene glycol, diethylene glycol, 1,3-butylene glycol, trimethylene glycol, glycerin, water, silicone or 
triethanolamine, but not when dissolved in ethanol, isopropyl alcohol, oleyl alcohol, olive oil, peppermint 
oil, isopropyl myristate or hexylene glycol. HPE- 101 significantly enhanced the excretion of [I4C]indo- 
methacin, [14C]nicotinic acid, [14C]5-fluorouracil, [3H]oestradiol and [3H]triamcinolone acetonide, but not 
that of [3H]testosterone. HPE-101 also significantly enhanced the excretion of [14C]indomethacin applied to 
intact skin of rabbit, guinea-pig and rat, and to tape-stripped skin of guinea-pig, but did not enhance the 
excretion of [14C]indomethacin applied to tape-stripped skin of rat or rabbit. 

In previous studies (Yano et a1 1992), we demonstrated that 
1-[2-(decylthio)ethyl]azacyclopentan-2-one (HPE- 10 1) mar- 
kedly enhanced the percutaneous absorption of indometha- 
cin in hairless mice. When a substance is percutaneously 
absorbed, the amount and the rate of percutaneous absorp- 
tion may be determined by the vehicle, the penetrant and the 
animal species used (Ziegenmeyer 1982). In this study we 
investigated the influence of these factors on the skin 
penetration-enhancing activity of HPE- 10 I .  

Materials and Methods 

Penetrant, vehicle and penetration enhancer 
[14C]Indomethacin (sp. act. 1.48 GBq mmol-I), [3H]testoste- 
rone (sp. act. 3.66 GBq mmol-I), [3H]oestradiol (sp. act. 1.72 
GBq mmol-I) and [3H]triamcinolone acetonide (sp. act. 1.61 
GBq mmol-I) were obtained from New England Nuclear 
(MA, USA). ['4C]Nicotinic acid (sp. act. 1.95 GBq mmol-I) 
and [14C]5-fluorouracil (sp. act. 2.07 GBq mmol-I) were 
from Amersham Japan (Tokyo, Japan). All the vehicles and 
reagents used were of analytical grade and were obtained 
from Nakarai Tesque Co. (Kyoto, Japan), and Wako Pure 
Chemicals Co. (Osaka, Japan). HPE-101 and l-dodecylaza- 
cycloheptan-2-one (laurocapram) used as penetration 
enhancers were synthesized in Hisamitsu Research Labora- 
tories. 

Animals 

Intact animal skin. Female hairless mice of HRS/J(hr) (8-9 
weeks old, 21-27 g; Kyudo, Kumamoto, Japan), male Wistar 
rats(Kyud0) 162-167g, maleguinea-pigs(Kyudo) 350420g, 
and male Japan White rabbits (Kyudo) 2.28-242 kg were 
housed in a room kept at a temperature of 24-26°C and 
relative humidity of 40-70% and had free access to commer- 
cial solid diets (CE-2, CG-3 and CR-3; Clea Japan, Tokyo, 
Japan) and tap water. The mice and rats were maintained on 
CE-2, the guinea-pigs on CG-3, and the rabbits on CR-3. 
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Tape-stripped animal skin. A commercial adhesive tape 
(Nichiban Co., Tokyo, Japan) was applied to and removed 
from the dorsal skin of the intact animals. This procedure 
was repeated fifteen times to strip off the stratum corneum 
(tape-stripped or stripped animal skin). 

Preparation ofpatches 
The test patches for hairless mice were prepared as described 
previously (Yano et a1 1992). The radioactive test drugs 
diluted with the respective non-radioactive test drugs were 
dissolved in solvents to give penetrant solutions. The 
penetration enhancers were dissolved in the penetrant solu- 
tions to give enhanced solutions. Fifty microlitres of dif- 
ferent enhanced solutions were applied to a 1 x 1 cm pad 
fixed onto a 3 x 3 cm adhesive tape (Torii & Co., Tokyo, 
Japan) to prepare the test (enhanced) patch. When steroids 
were used as penetrants, 100 pL of the enhanced solutions 
were applied to 2 cm2 pads (Torii & Co., Tokyo, Japan). The 
penetrant solutions without enhancer were used as the 
control solutions, and the control patches were prepared by 
applying the control solutions in the same way as the 
enhanced patches. The test drugs, concentration of drugs, 
vehicles and vehicle volume/animal are shown in Table 1. 

The test and the control patches for the other animal 
species were prepared by incorporating the test and the 
penetrant solutions into patches of specified sizes. The 
animal species, dose applied, application area and vehicle 
volume/animal are shown in Table 2. 

Excretion of radioactivity in urine 
The test and control patches were applied to the dorsal skin 
of the animals to give treated and control groups, respect- 
ively. The animals were transferred to metabolic cages, and 
urine collected for 24 h after application of the patches. The 
collected urine samples were diluted with water to 30 or 
300 mL, then 10 mL of liquid scintillator ACS I1 (Amersham, 
Japan) was added to 1 mL of the diluted urine samples, and 
radioactivity was measured in a liquid scintillation spectro- 
meter (Tri-Carb 4530; Packard Int. Co, IL, USA) to 
determine the amount of percutaneously absorbed pene- 
trant, which was expressed as percent of the dose applied. 
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Table 1. Test drug, concentration of drug, vehicle and vehicle volume/animal. 

Concn 
Test drug (mg mL-l) Vehicle 
[14C]Indomethacin 0.5 Propylene glycol:ethanol(9: I )  
[14C]Nicotinic acid 0.5 Propylene glycol :ethanol (9 : 1) 
[14C]S-Fluorouracil 1.0 Ethanol:water (9: 1) 
['HITestosterone 0.5 Propylene glycol:ethanol(9: 1) 
[3H]Oestradiol 0.5 Propylene glycol:ethanol(9: 1) 
['H]Triamcinolone acetonide 0.5 Propylene glycol:ethanol(9 : 1) 

Vehicle volume/ 
animal bL)  

50 
50 
50 

100 
100 
100 

Table 2. Animal species, dose applied, application area and vehicle 
volume/animal. 

dorsal skin of the hairless mice. The radioactivity excreted in 
24-h urine samples was measured as described above. 

Dose applied Application area Vehicle volume/ 
Animal species (mg mL-') (Cm2) animal bL) 
Rabbit 10.5 42.0 2100 
Guinea-pig 1.5 6.0 300 
Rat 1 .o 4.0 200 
Hairless mouse 0.25 1.0 or 2.0 50 or 100 

Influence of animal species 
[14C]Indomethacin was dissolved in a propylene glycol : etha- 
nol (9: I )  mixture to  give a penetrant solution. HPE-I01 and 
laurocapram were each dissolved in the penetrant solution to 

Data were expressed as the meansfs.e. of at least three 
determinations and analysed with Student's t-test. 

Influence of vehicle 
To make different penetrant solutions [I4C]indomethacin 
was dissolved in both hydrophilic and lipophilic solvents, 
each containing 10% ethanol (v/v). HPE-I01 was dissolved 
in the penetrant solutions to  give 3% (w/w) enhanced 
solutions. The enhanced and the control patches were 
prepared with the enhanced and the penetrant solutions, 
respectively, and they were applied to the dorsal skin of 
hairless mouse. The radioactivity excreted in 24-h urine 
samples was measured as described above. 

Influence of test drug 
The test drugs shown in Table 1 were dissolved in the 
propylene glycol :ethanol (9: 1) to give penetrant solutions. 
HPE-101 and laurocapram were disolved in the patches as 
described above, with the test and the penetrant solutions, 
respectively, and applied to the intact and the tape-stripped 

Table 3. Urinary excretion of radioactivity following application of 
[I4C]indomethacin to skin of hairless mouse. 

Vehicle 
Dipropylene glycol 
Triethylene glycol 
Hexylene glycol 
Diethylene glycol 
1,3-Butylene glycol 
Trimethylene glycol 
Glycerin 
Water 
Oleyl alcohol 
Isopropyl alcohol 
Ethanol 
Silicone 
Peppermint oil 
Olive oil 
Isopropyl myristate 
Triethanolamine 

Excretion in 24 h (Yo dose) 

Control With IIPE-101 
0.9 f 0.2 19.0f 6.1 
0.4 f 0.1 26.8 f 3.6** 
8.1 f0.7 12.5 f 4. I 
2. I f 0.2 31.9f 1.9** 
1.9 f0.6 18.0+3.2* 
1.6 & 0.5 34.0 & 4.5** 
1.6 f 0.4 13.1 f 1.9** 
9.2 f 0.3 28.4f 3.0** 
9.8f 1.4 8.4 f 3.0 

20.6 2.6 19.8 f 2.1 
21.6f 1.8 16.8 f4.6 
4.3 f 0.9 l0.6f 0.8** 

30.9 f 3.2 33.5 f 3.6 
2.3 kO.1 1.8 f0.3 
6.9 f 0.5 5.5 f 0.9 
6.4 f 3.8 37.6f 13** 

All values are means s.e. (n =4-5). 
*P<O.O5, **P<O.OI compared with corresponding control. 

Table 4. Urinary excretion of radioactivity following application of labelled drugs to 
intact and stripped skin of hairless mouse. 

Excretion in 24 h (% dose) 

Enhancer 

Drug applied Stripped skin Control HPE-101 Laurocapram 
['4C]lndomethacin 32.5f4.0** 4.0k0.5 30.2f3.1** 32.7f2.2** 
[14C]Nicotinic acid 23.9f2.1** 2 .12  1.0 15.5f2.3** 20.2f3.3** 
[14C]S-Fluorouracil 82.4f3.0** 22.225.0 65.3f6.2** 85.6f I. l** 
['HITestosterone 39.1 f2.0* 17.1 f5.3 34.7f4.5 35.2f 1.0 
['HIOestradiol 22.8k2.9 6.6f 1.2 10.5f0.9* 9.320.8 
['H]Triamcinolone acetonide 8.1 f 1.0** 1.1 f O . 1  6.5+_0.4** 4.7 +0.2** 

All values are means f s.e. (n = 34). 
*P< 0.05, **P < 0.01 compared with corresponding control. 
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Table 5. Urinary excretion of radioactivity following application of ['4C)indomethacin to skin 
of rabbit, guinea-pig and rat. 
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Excretion in 24 h (YO dose) 

Control With HPE-101 With laurocapram 

Animal Intact Stripped Intact Stripped Intact Stripped 
Rabbit 11.6k3.2 53.5k5.1 35.8k0.6' 54.7k2.2 60.0*3.7* 5 5 0 5 5 . 5  
Guinea-pig 0.8k0.2 24.1 k0 .9  14.7+3.2* 36.3+ 1.0** 14.3k 1.6** 34.0+2.9* 
Rat 1.5k0.2 22.7k2.0 21.9f2.4** 2 5 9 k  1.8 17.9k 1.5** 28.2+ 1.2 

All values are means & s.e. (n = 3 4 ) .  
*P< 0.05, **P<O.Ol compared with corresponding control. 

give 3% (w/w) test solutions. The test and the control patches 
were prepared in the same way as described above, with the 
test and the penetrant solutions, respectively. The dorsal 
skins of rats, guinea-pigs and rabbits were depilated by an 
electric clipper and electric razor the day before the experi- 
ment. The enhanced and the control patches were applied to 
both intact and tape-stripped dorsal skins of the animals. 
The radioactivity excreted in 24-h urine samples was meas- 
ured as described above. 

Results 

The results are summarized in Tables 3-5. 

Discussion 

A vehicle containing a chemical enhancer should be chosen 
in such a way that it results in high penetration enhancement 
of the drug and low irritation to the skin. HPE-101 had a 
marked enhancing activity when used with glycols, including 
propylene glycol. These glycols are widely used as humec- 
tants in pharmaceutical and cosmetic formulations. Propy- 
lene glycol, in particular, has often been used with chemical 
enhancers (Cooper 1984). Laurocapram is a well-known 
chemical enhancer whose effectiveness was compared in this 
study with the effectiveness of HPE-101. Some reports have 
shown that the concomitant use of laurocapram with 
propylene glycol produced a synergistic activity in enhancing 
the penetration of the drugs through the skin (Wotton et a1 
1985; Touitou & Abed 1985), but the use of laurocapram 
with high concentrations of propylene glycol irritates the 
skin (Vaidyanathan et al 1987). Several humectants are also 
reported to cause irritation to the skin. 1,3-Butylene glycol 
and glycerin are reported to be less irritating than propylene 
glycol (Motoyoshi et a1 1984). HPE-I01 produced the 
penetration-enhancing activity in these vehicles, but these 
enhancements were less than those obtained when using a 
Propylene glycol vehicle. 

Okamoto et a1 (1990) suggested that the vehicles change 
the penetration-enhancing activity of penetration enhancers. 
In both water (hydrophilic) and silicone (lipophilic), HPE- 
101 produced a significant penetration-enhancing activity. 
Adachi et al (1988) found that the penetration-enhancing 
activity of laurocapram was directly proportional to the 
amount of laurocapram present in the skin. Sloan et a1 (1986) 
reported the effect of vehicles on the penetration of drugs (or 

enhancer compounds) and concluded that poor solubility of 
the compound in the vehicle produced high partitioning of 
the compound into the skin. HPE-101 is insoluble in both 
water and silicone and is likely to partition easily into the 
stratum corneum. 

The following vehicles are reported to act as enhancers: 
ethanol (Ghanem et a1 1987), isopropyl myristate (Sato et a1 
1988), oleyl alcohol (Cooper 1984), and peppermint oil 
including 1-menthol (Hori et a1 1987). The penetration of 
indomethacin from each of the above vehicles was relatively 
high compared with penetration from the other vehicles used 
in this study without chemical enhancers. In those vehicles 
which act as enhancers by themselves, HPE-101 did not show 
enhancing activity. 

Aungst et al(1990) reported that triethylamine promoted 
the percutaneous absorption of indomethacin. It is suggested 
that triethanolamine, a basic vehicle used in this study, could 
similarly promote the percutaneous absorption of indo- 
methacin, making an ion pair between both compounds. 
HPE- 101 had penetration-enhancing activity in triethanol- 
amine vehicle in contrast to the other vehicles. This differ- 
ence was probably due to the fact that the other vehicles alter 
the physicochemical properties of the stratum corneum 
whereas triethanolamine, which is a basic vehicle, interacted 
with indomethacin. 

Barry & Bennett (1987) classified chemical enhancers on 
the basis of the class of penetrants they enhance. Lauroca- 
pram and propylene glycol have been shown to enhance the 
percutaneous penetration of a number of hydrophobic and 
hydrophilic compounds. Cooper (1984) reported that oleic 
acid and propylene glycol promote the percutaneous absorp- 
tion of non-polar drugs. Decylmethyl sulphoxide, in general, 
enhances polar drug permeation more dramatically than the 
penetration of non-polar drugs (Cooper 1982; Barry & 
Bennett 1987). In this study HPE-101 was used with various 
penetrants in order to observe their penetration-enhancing 
effects by determination of the spectra of those penetrants. 
HPE-101 enhanced the penetration of both a hydrophilic 
drug (5-fluorouracil, log P (n-octanol/water) = -0.95 (Leo 
et a1 1971)) and a lipophilic drug (indomethacin, log P (n- 
octanol/water)=4.42 (Inagi et a1 1981)). No marked dif- 
ference was noted between the penetration enhancement 
spectra of HPE-101 and laurocapram. These results suggest 
that HPE-101 may work like laurocapram in terms of skin 
penetration enhancement. 

Some reports have dealt with species differences in the 
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penetration-enhancing activity of  enhancers (Catz & Friend 
1990; Hirvonen et  a1 1991). HPE-101 and laurocapram 
produced different enhancing activities o n  different animal 
species, implying that the difference in enhancing activity 
would come from the differences in dermal thickness and 
structure among the animal species (Sugibayashi et a1 1985; 
Elling 1986). HPE-I01 and laurocapram applied to the tape- 
stripped skins produced no significant penetration-enhanc- 
ing activity as compared with application to the intact animal 
skins (Table 5). This suggests that  the site of  action of  these 
penetration enhancers is principally the stratum corneum 
(Kao et a1 1985). 

Laurocapram and HPE-101 have penetration-enhancing 
activity in tape-stripped guinea-pig, but  not  in stripped skin 
from rabbit or rat. Therefore, it is likely that  fifteen tape 
strips o f  guinea-pig skin is insufficient t o  remove completely 
the stratum corneum, thus leaving some remnants of the 
barrier with which laurocapram and HPE-101 can interact. 

Hori  et a1 (1991) pointed out  that percutaneous absorption 
involves drug partitioning from the vehicle into the stratum 
corneum, drug diffusion through the stratum corneum, drug 
partitioning from the stratum corneum to  the aqueous viable 
tissue, and drug diffusion through the viable tissue to  the 
dermal microcirculation. Furthermore, Beastall e t  a1 (1988) 
reported that penetration enhancers may act by altering the 
diffusion characteristics of  the skin or by modifying the 
partitioning behaviour of the drug at the stratum corneum- 
viable epidermal interface. Laurocapram and  HPE-I 01 are 
both lipophilic compounds having log P values (n-octanol/ 
water) of  6.2 (Brain et  a1 1991) and 5.0 (Nakao e t  a1 1989), 
respectively. G u y  & Hadgraft (1 988) have reported the 
nature o f  the stratum corneum as a lipid-rich barrier. The 
mechanism of the penetration-enhancing action of  lauroca- 
pram, therefore, appears to be due  to its interaction with the 
lipid matrix of  the stratum corneum (Beastall et  a1 1988). In  
this study HPE-101 showed almost the same penetration- 
enhancing pattern as did laurocapram. It is, therefore, 
suggested that the mechanism o f  penetration-enhancing 
action of HPE-101 is the same as laurocapram. 

I.r 
References 

Adachi, Y., Hosoya, K., Sugihara, K., Morimoto, Y. (1988) 
Duration and reversibility of the penetration-enhancing effect of 
Azone. Chem. Pharm. Bull. 36: 3702-3705 

Aungst, B. J., Blake, J. A., Hussain, M. H. (1990) Contributions of 
drug solubilization, partitioning, barrier disruption and solvent 
permeation to the enhancement to skin permeation of various 
compounds with fatty acids and amines. Pharm. Res. 7: 712-718 

Barry, B. W., Bennett, S. L. (1987) Effect of penetration enhancers 
on the permeation of mannitol, hydrocortisone and progesterone 
through human skin. J. Pharm. Pharmacol. 39: 535-546 

Beastall, J. C., Hadgraft, J., Washington, C. (1988) Mechanism of 
action of Azone as a percutaneous penetration enhancer: lipid 
bilayer fluidity and transition temperature effects. Int. J. Pharm. 

Brain, K. R., Hadgraft, J., Lewis, D., Allan, G. (1991) The influence 
43: 207-213 

. ,  
of Azone on the percutaneous absorption of methotrexate. Int. J. 
Pharm. 71: R9-Rll 

Catz, P., Friend, D. R. (1990) Transdermal delivery of levonorges- 
trel. VIII. Effect of enhancers on rat skin, hairless mouse skin, 
hairlessguineapigskin, and human skin. Int. J. Pharm. 58: 93-102 

Cooper, E. R. (1982) Effect of decylmethyl sulfoxide on skin 
penetration. In: Mittal, K. L., Fendler, E. J. (eds) Solution 
Behavior of Surfactants. Plenum Press, New York, pp 1505-1516 

Cooper, E. R. (1984) Increased skin permeability for lipophilic 
molecules. J. Pharm. Sci. 73: 1153-1 156 

Elling, H. (1986) Penetration of mucopolysaccharides into the skin 
of diverse animal species. Arzneim. Forsch. 36: 1525-1 527 

Ghanem, A. H., Mahmoud, H., Higuchi, W. I., Rohr, U. D., 
Borsadia, S., Liu, P., Fox, J. L., Good, W. R. (1987) The effects of 
ethanol on the transport of @-estradiol and other permeants in 
hairless mouse skin. 11. A new quantitative approach. J. Contr. 
Rel. 6: 75-83 

Guy, R. H., Hadgraft, J. (1988) Physicochemical aspects of percuta- 
neous penetration and its enhancement. Pharm. Res. 5: 753-758 

Hirvonen, J., Rytting, J. H., Paronen, P., Urtti, A. (1991) Dodecyl 
N,N-dimethylamino acetate and Azone enhance drug penetration 
across human, snake, and rabbit skin. Pharm. Res. 8: 933-937 

Hori, M., Satoh, S., Maibach, H. I. (1987) Classification of 
percutaneous penetration enhancers: a conceptual diagram. In: 
Bronaugh, R. L., Maibach, H. I. (eds) Percutaneous Absorption. 
2nd edn, Marcel Dekker Inc., New York, pp 197-21 1 

Hori, M., Satoh, S., Maibach, H. I., Guy, R. H. (1991) Enhancement 
of propranolol hydrochloride and diazepam skin absorption in 
vitro: effect of enhancer lipophilicity. J. Pharm. Sci. 80: 32-35 

Inagi, T., Muramatsu, T., Nagai, H., Terada, H. (1981) Mechanism 
of indomethacin partition between n-octanol and water. Chem. 
Pharm. Bull. 29: 2330-2337 

Kao, J., Patterson, F. K., Hall, J. (1985) Skin penetration and 
metabolism of topically applied chemicals in six mammalian 
species, including man: an in vitro study with benzo[a]pyrene and 
testosterone. Toxicol. Appl. Pharmacol. 81502-5 16 

Leo, A., Hansch, C., Elkins, D. (1971) Partitioncoefficientsand their 
uses. Chem. Rev. 71: 525-616 

Motoyoshi, K., Nozawa, S., Yoshimura, M., Matsuda, K. (1984) 
The safety of propylene glycol and other humectants. Cosmet. 
Toiletries 99: 83-91 

Nakao, T., Manako, T., Shimozono, Y., Noda, M., Tsuji, M. (1989) 
Physicochemical property and penetration enhancing activity of 
HPE-101. Proc. 109th Ann. Meeting Pharm. SOC. Jpn., pp 153 

Okamoto, H., Muta, K., Hashida, M., Sezaki, H. (1990) Percuta- 
neous penetration of acyclovir through excised hairless mouse and 
rat skin: effect of vehicle and percutaneous penetration enhancer. 
Pharm. Res. 7: 6468 

Sato, K., Sugibayashi, K., Morimoto, Y. (1988) Effect of mode of 
action of aliphatic esters on the in vitro skin permeation of 
nicorandil. Int. J. Pharm. 43: 3140 

Sloan, K. B., Koch, S. A. M., Silver, K. G., Flowers, F. P. (1986) Use 
of solubility parameters of drug and vehicle to predict flux 
through skin. J. Invest. Dermatol. 87: 244-252 

Sugibayashi, K., Hosoya, K., Morimoto, Y., Higuchi, W. I. (1985) 
Effect of the absorption enhancer, Azone, on the transport of 
5-fluorouracil across hairless rat skin. J. Pharm. Pharmacol. 37: 

Touitou, E., Abed, L. (1985) Effect of propylene glycol, Azone and 
n-decylmethyl sulfoxide on skin permeation kinetics of 5-flUOr- 
ouracil. Int. J. Pharm. 27: 89-98 

Vaidyanathan, R., Rajadhyakasa, V. J., Kim, B. K., Anisko, J. J. 
(1987) Azone. In: Kydonieus, A. F., Berner, B. (eds) Transdermal 
Delivery of Drugs II., CRC Press Inc.? Florida, pp 63-83 

Wotton, P. K., Msllgaard, B., Hadgraft, J., Hoelgaard, A. (1985) 
Vehicle effect on topical drug delivery 111. Effect of Azone on the 
cutaneous penetration of metronidazole and propylene glycol. 
Int. J. Pharm. 24: 19-26 

Yano, T., Higo, N., Furukawa, K., Tsuji, M., Noda, K., Otagiri, M. 
(1992) Evaluation of a new penetration enhancer 1-[2-(decyl- 
thio)ethyl]azacyclopentan-2-one (HPE- 101). J. Pharmacobiodyn. 
15: 529-535 

Ziegenmeyer, J. (1982) Dermal and transdermal absorption. In: 
Brandau, R., Lippold, B. H. (eds) The Influence of the Vehicle on 
the Absorption and Permeation of Drugs. Wissenschaftliche 
Verlagsgesellschaft mbH, Stuttgart, pp 73-89 

578-580 


