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Cineole as Skin Penetration Enhancer
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Abstract　 Cineole ( 1, 8-cineole, eucalypto l) w as evaluated as a penetration enhancer tow ards

5-fluo rouraci l ( 5-FU) using excised ra t skin. It caused a near 93 fo ld increase in drug perme-

abili ty co ef ficient. The enhancer g iv es increased pa rti tion coefficient but the dif fusion coef fi-

cient v alues w ere higher. Removal of the st ratum co rneum has elimina ted the resistance to the

drug permeation. Af ter removal of the st ra tum co rneum the permeabi li ty coefficients o f 5-FU

increased by a facto r of 166 compared wi th full thickness skin wi th the st ratum corneum intact ,

showing tha t main resistance to the permea tion o f polar drug lies in the st ra tum cor neum. The

mode of action of the accelerant may be described by combined process of par titio n and dif fu-

sion, the dif fusion process being dominant.
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1　 Introduction

Transderma l administ ra tion of many drug s is

o f ten precluded because of the st ratum co rneum

barrier. In a ttempts to reduce this dif fusional bar-

rier researchers have emplo yed penet ration en-

hancers w hich usually disrupt the highly o rdered

membrane st ructure[1～ 5 ] . Cineole ( 1, 8-Cineo le,

eucalyptol ) , the chief consti tuent ( approx . 80% )

o f Eucalyptus oil, is used as a f lav o r in pha rma-

ceuticals
[ 6]
. Williams and Barry

[7 ]
studied the pen-

etration enhancing activi ty of cineole tow ards 5-

f luorouracil ( 5-FU ) using human cadaver skin.

W e have investigated the penet ration enhancing

activi ty o f cineole tow ards the permeation of 5-

FU in excised rat skin w hich will be also helpful

to check the simila ri ty betw een dif ferent kinds of

skin.

2　 Materials and methods

2. 1　Materials

5-FU was obtained from Shanghai 12
th

Phar-

maceutical facto ry and cineole w as purified in our

labo ra to ry f rom eucalyptus oil by f ractional disti l-

la tion; purity 93. 5; as determined by freezing

point determina tion method, as described by BP

( 1993)
[8 ]
.

2. 2　 Sk in preparation

Male w hi te rats w eighing 190 to 240 g w ere

used. The animals w ere sacri ficed and hairs f rom

the abdominal side w ere clipped. The clipped ab-

dominal skin was excised f rom the animal and the

subcutaneous fa t on the dermal side w as re-

moved. The skins w ere floa ted on no rmal saline

fo r 12 h before use to ensure full tissue hydra-

tion.

The samples o f full thickness skin wi thout

st ratum co rneum were prepared by the tape st rip-

ping method as described by Williams and Bar-

ry
[9 ] .

2. 3　 Permeation experiments

A tw o chamber cell system w ith a dif fusional

area of 2. 01 cm2 was used. Receptor cell w as

filled w ith 16. 5 ml o f normal saline so lution and

sti rred at 100 r /min. The donor cell receiv es 1 ml

of sa turated solution o f 5-FU. To ensure full sa t-

uration o f dono r solution a crystal o f 5-FU was

placed in dono r compar tment. The receiving cell
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was maintained at ( 37± 0. 5)℃ , w hi le dono r cell

w as expo sed to the ambient temperature. At ap-

propriate time 4 ml of solution w as wi thdraw n

from the recepto r compa rtment and 1 ml w as used

fo r analysis by HPLC. Af ter sampling , 4 ml of

f resh normal saline was added to the recepto r to

keep the volume constant. At pseudo steady-sta te

di ffusion, the permeability co ef ficient ( Kp) of the

drug was evaluated
[ 10]

:

Kp=
J
C

To determine the enhancing effect o f the Ci-

neo le the skins w ere prepa red in the same way

and mounted betw een donor and receptor com-

partments. Here donor compar tment receiv es 150

ul of cineole. Af ter 12 h of t rea tment the exces-

siv e enhancer w as removed by sw abbing wi th tis-

sue paper and replaced wi th the drug solution;

the permeability coefficient at steady sta te was re-

evaluated. An enhancement ratio ( ER ) may be

used to define the activi ty of enhancer
[7 ]:

ER=
Kp af ter application of penet ra tion enhance
Kp befo re applica tion of penet ration enhance

2. 4　 Analysis of 5-FU

Concentration o f 5-FU in the recepto r solu-

tion was determined by HPLC. Shimadzu LC-5A

system equipped wi th UV detecto r w as used. A

Zo rbax ODS column ( 4. 6 mm× 25 cm ) was em-

ployed. The eluting solv ent w as wa ter and the

f low rate was 0. 8 m l /min. Detection w as done at

266 nm . Th e retention time of 5-FU was 7. 2

min.

2. 5　 Skin retent ion

At the end of experiment the exposed skin

w as cut dow n, blo t ted dry, w eighed and cut into

small pieces. The tissue was homogenized wi th 4

m l o f ethyl acetate thrice. The homogenates w ere

mixed, fi ltered, and ethy l acetate evaporated to

dryness. The residue w as reconsti tuted w ith 2 m l

o f w ater and analy zed for the drug content by

HPLC.

2. 6　 Solubili ty studies

To determine the solubi li ty of 5-FU in cine-

ole an excess o f 5-FU was added to 5 ml o f cineole

, hea ted to ( 37± 0. 5)℃ , v o rtex sti rred and equi-

librated for 24 h. A 0. 5 ml of sample w as taken,

fi ltered through 0. 8μm fi lter, di luted to 10 m l

w ith ethy l acetate and analyzed by HPLC.

3　Results and discussion

The mean permeability coefficients of 5-FU

befo re and af ter t rea tment of the skin w ith cineole

are show n in Tab 1 and indica ted the obvious en-

hancing ef fect.
Tab 1. M ean Flux, Perm eabi lit y coeff icients ( KP ) , Enhancemen t

ratios ( ER) , of 5-FU in rat skin before and af ter t reatment wi th ci-

neole (x
-± s, n= 5)

Enh ancer
Flux

μg /cm2 /h

KP

cm /h(× 10- 3)
ER

Con t rol 13. 0± 0. 28 1. 053± 0. 02 -

Cineole 1223. 7± 12. 4 97. 8± 0. 19 92. 87
St ripped con-

t rol
2188. 4± 12. 6 175. 07± 1. 0 166. 25

St ripped t reat-

ed
2590± 16. 8 207. 2± 11. 3 196. 77( 1. 183)

In Fig 1, the to tal amount o f penet rant tha t

appeared in the receptor f luid is plo tted as a func-

tion of time. Af ter skin t rea tment wi th a en-

hancer, the lag time for 5-FU falls. The steady

state condi tions w ere observ ed only for 4～ 6 h,

when cineole w as used as enhancers, and when

st ripped st ra tum co rneum was used the steady

state permeation w as observ ed only for 2～ 3 h,

which may contribute to accumula tion of higher

concentrations o f 5-FU in receiv er compartment

and /or the w ash up effect o f the enhancer in di f-

fusion cell. Cineo le clea rly increased drug perme-

a tion across the skin, ER being 92. 87 (P> 0. 01) ,

Tab 1.

Fig 1. Ef fect of th e cin eole on th e permeation of 5-FU across rat

skin (— ●— cont rol; — ◇— treated )

Removing the st ra tum co rneum completely e-

liminated the barrier properties of the skin. Per-

mea tion pro files o f 5-FU through st ripped stra-

tum corneum w ith and wi thout the cineole pre-

treatment are show n in Fig 2. A lit t le di fference
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was observ ed betw een the t reated and untreated

st ripped membranes, as ER values obtained w ere

166. 25 and 196. 77, respectiv ely, w hen the full

skin was taken as a contro l. When the st ripped

untreated membrane w as taken as a control ER fo r

t reated st ripped membrane w as 1. 18 only.

Parti tioning results are also g iv en in Tab 2.

Treatment of skin wi th cineole generally increased

parti tio ning o f the drug into the skin as i llust rated

by the parti tio n ratio , PR
[7 ]
, w here:

PR=
PC af ter enhancer treatment
PC before enhancer t rea tment Fig 2. Typical permeat ion profi les of 5-FU th rough st ripped s t ra-

tum corneum rat skin (— ●— ) full th ick nes s; (— □— ) s t ripped

un treated; (— ▲— ) s t ripped t reated

Tab 2. Mean Parti tion coeff icien t ( PC ) , Parti ti on ratios ( PR ) , Dif fusion coeff icients ( D ) , and dif fusion ratios

(DR ) of 5-FU into ful ly h ydrated skins (x
-± s , n= 5)

Enhancer
PC

× 10- 3

D

cm /h ( ( 10- 5 )
PR DR

Cont rol 46. 94± 4. 3 6. 7± 0. 4 1 　　 -

Cineole 115. 4± 5. 3 253. 0± 1. 5 2. 45 37. 761

St ripped cont rol 7. 47± 0. 1 7020± 41 0. 15 1047. 46

St ripped t reated 18. 36± 3. 5 3385± 38 0. 39( 2. 45) 505. 22 ( 0. 482)

　　 The parti tio n ratio obtained by trea ting the

skin w ith cineole w as mo re than double ( PR= 2.

45) . The parti tion ra tios obtained wi th st ripped

untreated and st ripped trea ted skin w ere less than

the uni ty w hen full thickness skin w as taken as a

control, and more than double w hen st ripped un-

treated membrane w as taken a s a control.

Using the experimentally determined par ti-

tion coef ficients, a dif fusion coef ficient (D ) of 5-

FU in skin may be calculated by
[ 7]:

D=
Kp h
PC

Where Kp is the mean permeabili ty coeffi-

cient and h is the thickness o f hydra ted st ratum

corneum ( taken as 3× 10- 3 ) [ 7] . From di ffusion

coefficients value ( Tab 2) , it can be seen that the

use o f enhancer has increased the resistance to the

di ffusion of the drug as mean untreated di ffusion

coefficient value of 5-FU is 6. 76± 0. 4× 10
- 5

cm
2
/

h. only. The increa sed dif fusivity of 5-FU in the

skin may be expressed as a dif fusivi ty ratio ,

DR
[ 7]:

DR=
dif fusivi ty of 5-FU af ter treatment
di ffusivi ty o f 5-FU befo re t rea tment

The so lubili ty o f 5-FU in cineole, as deter-

mined, is about 0. 043 mg /ml. 5-FU is much less

soluble in enhancer than in the dono r phase, w a-

ter. Solubi li ty o f 5-FU in w ater is 12. 5 mg /

ml
[11 ]

, therefore, the enhanced permea tion o f 5-

FU is not rela ted wi th i ts solubility, but only

wi th ef ficiency of enhancer on skin.

Some essential oil s and their terpene con-

sti tuents have recently been investigated as poten-

tial enhancers. Eucalyptus oi l has been used to

promo te the percutaneous absorption of nico-

tine
[12 ]

, and 5-FU
[ 13, 14]

, a nd cineo le o f benzo-

caine, procaine, bupranolo l, indomethacin, dibu-

caine
[15 ]

, and 5-FU
[7 ]
. In present study Cineole

was found to be very activ e , no any lag time w as

observ ed. The enhancer increased the penet ration

of 5-FU by apro x. 93 fold, and this is in ag ree-

ment with Williams and Ba rry
[7 ]
, w ho found tha t
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1, 8-cineole caused a 95 fold increase in 5-FU per-

meabi li ty through human cadaver skin.

Removal of the st ratum co rneum has com-

pletely eliminated the resistance to the drug per-

meation. The parti tio n ra tios calculated suggest

that the enhancer increases parti tion of the drug

into skin. As the drug is less soluble in enhancer

than w ater, therefo re this increased parti tio n of

drug may be retention of the drug by skin, as in

this study full thickness skin w as used to deter-

mine drug contents. Therefore enhanced perme-

ation of 5-FU may be not only by increasing the

parti tio n of the drug in to st ra tum corneum , but

also by modifying intercellula r lipids, disrupting

thei r highly ordered st ructure, thus increasing the

di ffusion o f the drug th rough skin, as observ ed

by compa ra tiv ely increased di ffusion coef ficient

va lues.

This study has show n that the cineo le may

o ffer a large and useful selection of relativ ely safe

penet ration enhancer to aid topical drug delivery.

How ever , further studies a re required to make

the use of cineo le as such or in combina tion wi th

o ther enhancers in pha rmaceutical preparations.
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皮肤渗透促进剂桉叶素的研究

达尤 阿博杜拉 1　平其能 2　刘国杰 2

(1巴基斯坦新德大学药学系 ; 2中国药科大学药剂学教研室 , 南京 210009)

摘　要　研究了桉叶素促进 5-氟尿嘧啶渗透通过离体大鼠皮肤的作用 ,其增加药物渗透系数约达 93倍。桉

叶素提高了分配系数 ,但对扩散系数的增加更大。去除角质层 ,药物的渗透障碍完全消失。与全皮相比 ,角质层去

除后药物的渗透系数增加 166倍 ,表明影响极性药物渗透的主要障碍是角质层。促渗效果可能是扩散和分配综合

作用的结果 ,其中扩散是主要作用。

关键词　 5-氟尿嘧啶 ; 桉叶素 ; 皮肤渗透 ; 促渗作用
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