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ABSTR ACT: Isolated per fused rabbit ear mode l together with full thic kness hum an skin and 
PDMS mem brane were used to invest igate the penetrat ion pro perties of nap roxen and the enhancer 
activity of capsaicin. Th e effect of capsaicin was also compared with well know n enhancer azone, 
Different amou nts of chosen enhancers were app lied to the skin surface before the experiment. 
Naproxen was chose n as a model pe netra nt and the quantity o f penetrated naproxen was 
determin ed by HP LC. Commercia lly avai lable naproxen ge l formulation and an alternative 
form ulation containing 3 % capcaisin were also studied and res ults were compared. 
Penetrations were found to be increased when the skin was trea ted with azo ne and cap saic in. In 
perfused rabbit ear experiments, the en hancing mode of actio n of capsaici n is probably due to its 
che mica l prop ert y and lipoph ilicity but not due to its vasodi latory action since the amount added 
into the formulatio n was g iven topi cally to the skin and no effects were observed on the perfusion 
pressure. However , intraarterial injec tion of those compo unds decreased the pressure via their 
vasodilator effec ts. 
The effec ts of capsaicin and azone on skin using microscope were also aimed to investigate in this 
study and trea ted skin samples were investigated under light and e lectron microscope. It was found 
that capsaicin ca used so me altera tio ns on stra tum corneum layer of the skin like azo ne therefore it 
was observed tha t ca psa icin caused an enhanced penetration of naproxen through human skin. 
In co nclusio n capsa icin was found to be a quite capable enhancer for skin penetration of d rugs like 
the we ll-known enhancer, azo ne, T he perfused rabb it ear model is found to be useful to study 
transdermal uptake of drugs and it ca n parti cul arly be used dur ing precli nica l deve lopment stud ies . 
Although capsa icin was found to be a goo d penetration enhancer, the addi tion of the capsaic in to 
the ge l formulat ion did not provi de faster penetra tion. 
[Key wor ds: rabbi t, capsaic in, transderrnal, dru g deli very1 

INTRODUCTIO N 

T he development of non- invasive 
mechan ica l and tech nical dermal d rug de livery 
systems increasi ng ly req uires adequate and 
rep rodu cible skin in-vitro assay mode ls, which 
guarantee a high rel iable predictive estimation 
of medico-chemical potent ial of a given sys tem 

in eac h state of developmen t ( I). Th e broad 
range of different mode l of dr ug applica tio n, 
ie. supe rficial intra or subc utaneo us, requires 
an eve n compl ex assay model , which tend s to 
be as close to phys iology of the intact skin and 
associated subc utaneous tissues as possible. 
Some ex-vivo mode ls have been proposed to 
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investi gate skin penetrati on suc h as porcin e ear
 
o r o rga n models and rabbit o rgan mod els.
 

Naproxen is a non-stero idal anti
inflammatory dru g (NSAID) whose perm eab ility 
through full thi ckness of human skin has been 
det er mined previ ously and shown to be 2.9x 10· 
J ern 7h (2,3) . Naproxen is a co mpo und that 
has the potential to be del ivered throu gh skin 
locall y and one that could be prom oted with 
the appropriate pen etrat ion enhance rs, becau se 
limited number of dru gs posses the appropria te 
ph ysico-chemical ch aracteri stics in appropriate 
formul ati on to all ow them to cross the main 
ba rrier o f the skin, the stratum corneum (4) . 
Th e ran ge of molecul es that can be 
succes s fully delivered can be increa sed by the 
use of penetration enhance rs that reduce the 
effec tiveness of the barrier so that the flux of 
the dru g reaches a clinically useful level (5) . 
Cap saicin is a compound used for joint 
inflamma tio n since it is known to be an 
antagonis t to subs ta nce P (6) and depl etes 
se nso ry neurons containing substa nce P, 
calc ito nin ge ne-re lated peptide (7CGRP) and 
neu rokin ins (7) . It co ntrac ts smooth muscl e 
and has exc ita to ry effect s on thin , primary 
affe rent neu ron s (8). It is a medi ca lly accepted 
compo und found in a plant (known as 
Ca psicum), whic h has been medi c inal plant in 
Euro pe, Asia and Africa for many ce nturies 
and has so me topical effecti ven ess (9). It ma y 
be possibl e to co mbi ne a tradition al NSAID 
such as naprox en with ca psaic in to produce a 
more e ffec tive topical ge l o r it ma y be possibl e 
to improve the penetration properties of 
NSAID fro m commercially avail abl e ge l 
formul ations. Azone is o ne of the best known 
pen etration enhancers and it has been shown to 
be effective for a wide ran ge of penneants. It is 
beli eved that Azone act s by increa sin g the 
fluidity of the compact lipid bil ayers that lie 
between the keratinocytes o f the stra tum 
co rne um ( 10) . Th e molecular structure of 
capsaicin was found to be similar to that of 
azone . The pre sent study was aim ed to 
compa re the pen e trati on enha nci ng effect o f 
azone and ca psaic in. Pen etrati on prop ert ies of 
nap ro xe n throu gh full th ickness o f human skin 
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and PDMS membrane were determined usin g 
Fran z type o f diffusion ce lls and results were 
co mpa red . Ca psaicin ca n increase the blood 
supply of dermal tissues by vaso dilata tion and 
perfused ani ma l ear models have been 
proposed to inves tigate tran sderrnal pen et rati on 
of compounds (3 ,11,12), the refore per fused 
rabbit ea r mod e l was se lec ted to investigate the 
effec t o f ca psaici n on livi ng dermal tissues . 
Na proxen in so lutio n, co mme rcia lly available 
ge l formulation and ge l containing ca psa ici n 
we re used and pen etration propert ies we re 
inv esti gated usin g perfused rabbit ea r mod el. 
Human skin samples were pre -treated with 
A zone, capsa ic in and alc ohol and the ch an ges 
on skin cell s were inv estigated und er light and 
electron microscope. 

MATERIALS and METHODS 

Capsaicin was purchased from Fluka 
(Fluka Che mie Ag., CH-9471 Bu ch s, 
Schweiz), Azo ne was obtained from Welson 
research (100 1 Health Sciences Road , West 
Irv ine, California, 92715 USA) . Commer cialy 
avai lable ge l fo rmul ati on Naprosyn (Abd i 
Ibrah im, Kore Sehitleri Cad . No :19 , 
Zinc irlikuyu , 80300 Istanbul) was purch ased 
from the market. An a lte rna tive ge l 
formu lati on was prepared by adding 3% 
capsaici n to Naprosyn ge l. All bu ffer 
co mponents and HPLC solve nts we re o f 
ana lytica l grade . 

Full thi ckness human skin sa mples wer e 
o btained fro m hospital sho rtly after the 
cos metic ope ration. Healthy skin samp les were 
se lec ted and fatty tissues were rem ov ed by 
surgica l blade. Full thickness skin sa mples 
were kept in a de ep freezer (at -15 °C) until use 
( fo r no lon ger than a week). Rabbit ears wer e 
obta ined from fres hly sacrificed rabbits. 

Comp ositi on of Krebs' Solution in mmo l/L: 

NaCI 118 
KCI 4 .8 
csci, 25 
NaH ~P04.2 H~O 1.2 
MgS04 .7H ~O 1.2 



Na HCO) 24 
Glucose II 

HPLC: Waters Milipore (5 10 pump, 717 
Plus Autosa mpler, 996 Photodi od e Array 
Detector) 

Infrared spec tro pho tometer: Shimadz u, 
IR-470. 

Peri stalt ic pump: Desaga, STA Peri staltic 
pump. 

Pressure se nso r: Statham physiological 
pressure transdu cer. 

Polygraph : Grass Model 79-C D.C. driv er 
amplifier with EEG&Po lygraph dat a recording 
sys tem, Grass Instrument Co . Quin cy, Mass., 
USA . 

Electro n microscope: EM- 900 Carl Zei ss
Germany. 

Permea tion studies using full thickness 
human skin 

Th e di ffusion of Naproxen across full 
thickness hum an skin was stud ied using a 
se ries o f static diffu sion ce lls o f the Franz 
design . Full thickn ess hum an ski n was placed 
between the do nor and recept or compartments 
of the di ffusion cell, then , ce ll co mpar tments 
were cla mped. Th e cross sec tional area was 
l crrr'. Th e joint o f the ce ll was checked, if any 
leak age problem occ urred, the process was 
repeated or the membrane was changed. Th e 
ce lls were placed on a magnetic stirrer in a 
water bath at 37°C. Sa turated so lutions of 
Naproxe n were prep ared by stirr ing excess 
so lid overn ight in the phosph ate buffer 
(pH=5) . Sa turated so lution of Nap roxen was 

r...":101/L: 

placed in the donor chambe r of the diffusion 
ce ll. Th e rece ptor so lution was a phosph ate 
buffer (pH=7.4) . Diffusion cell s were filled 
with 2 ml of recep tor so lutio n. Five or six 
repli cate determinat ions were con ducted for 
eac h treatm ent o r ex periment. Sample s (about 
0 .5 ml) were taken from the recept or phase and 
analyzed by HPLC using the meth od outlined 
below. 

Ex-vivo penetration studies using isolated 
perfused rabbit ear 

All hair s on the ears were remo ved using 
depil ato ry crea ms. After a week , rabbits were 
sac rificed under thiopenthal anaes thesia and 
the ears were rem oved . Small PTFE tubes were 
inserted into the main artery of the ears. The 
tubes were then co nnec ted to the perfusion 
tube (Figure-F). Krebs solution at 37°C was 
perfused using a peris ta ltic pump. 95%C02 and 
5%02 mixture was circ ulated through the 

• Krebs	 solution to keep ears alive . Ears were 
perfu sed for an hou r with the Krebs so lutio n. A 
plastic reservoir with the d iameter of 3-4 cm 
was used to apply Naproxen so lution or ge l to 
the ear surface. Plastic rese rvoir was placed on 
top of the ear surface and then joints were 
sea led with pet roleum jelly to prevent solution 
leaking. 5 ml of nap roxen so lutio n or ge l was 
put into the plastic reservoir. Perfusates were 
co llec ted using funnels and then ana lyzed by 
HPLC. The flow rate of the perfusion was 
sele cted as 1.5 ml/min . Ea rs were observed to 
be swo llen when higher flow rates were used. 
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figurc-l:Th e schematic illustration of the design of isolated-pe rfused rabbit mode l. 

Determ inatio ll o[ vaso dilator e/rect o[ Azolle, 
Capsa icin alld Alcoho l 

Possible vasodilator effects of azone, 
capsaicin and alcohol were determined using a 
pressure transducer and manometer. The 
pressure transducer and manometer were 
co nnected to the tube jus t before the 
connection of arterial lube. The pressure 
changes were recorded to detect any 
vasodi lator effect. Ears were perfused with 
Krebs so lution for an hour for the equilibration 
and the pressure was observed to be cons tant. 
2x 10'6 M phenylephrin e was injected to the 
arterial tube to ensure viability and response of 
the tissues. 3 ppm alcohol, azone and capsaici n 
were then injected to the arter ial tube and the 
pressure changes were recorded. 

/-IPLC /II ethod [or Naproxen 

Column: Reverse phase C 18, ODS (25xO.4 em,
 
particle size 5(m)
 
Flow rate: I nil/min.
 
Mob ile phase: Ace tonitrile (137 .5 ml ), Water
 
(l 12.5mI), KH ~P04 (0.619g.), Orthophosphoric
 
acid (l ml)
 

Naproxen was detected at 230 .9 nrn. 
The amo unt of naproxen was 
acco rding to the previously 
ca libration curve . 

Sta tist ic 

ca lculated 
obtained 

A computer program ca lled Instat 
(G rap hpad software Version 2.04a) for 
statistical analysis. 

RESULTS 

DiIfusion experi ments were performed 
using Franz type diffusion ce lls to understand 
the enhancer act ivity of chosen enhancers. Skin 
samp les were pre- treated with 1.5 - 3% azone 
and 1.5 - 30/< capsaicin solution in alcohol (50 
f.d /cm2) for two hours. After evaporation of 
alcohol, naproxen so lutions were applied. 
Samples were co llected and analyzed with 
HPLC. Figure-2 shows the penetration profiles 
of naproxen solution through full thickness of 
human skin with or without enhancer 
application. 
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Figurc-2 The effec ts o f e nha nce rs o n penetrati on profil es o f Na proxen through full thickness o f 
human skin (Error bars re p rese nt S EM ). 

cal culated	 The pressure ch an ges we re reco rde d ex pe rimen t wi th comme rc ia lly av ailabl e 
obtained	 during the pe rfu sed rabbit ea r ex pe rime nt. naproxeu crea m. Th e penetrati on profile s we re 

Altho ug h pressure ch an ges were o bse rve d compared with naproxen so lutio n. Capsaic in 
a fte r int raarterial administration o f was fou nd to be quite good e nha nce r therefore , 
phen ylephrine a nd 3 ppm of e nha nce rs, no a new cream of Naprosyn with 3% ca psa ic in 
changes on the pressure were observed when wa s prepar ed. Fig ure -S sho ws the pen etrati on 

kd Instat alco ho l, azo ne and cap saicin were a pplied to profiles o f naproxen solution and alt ernati ve 
2JWa) for the ear skin sur face. Further pe rmea tio n s tud ies ge l formulation co mpa red with the co mmerc ially 

we re performed usin g per fused rabbit ear available cream. 
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Figure-3 The pen etrati on profiles o f naproxen fro m the ge l formulati on s th rou gh rabbit ear (E rro r 
bar s represent S EM). 
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Hum an skin sa mples were pre-t reated with azo ne, capsa icin and alco hol and the changes on 
ski n ce lls were investigat ed under light and electro n micro scope. Figure-d shows the changes on 
skin layer ce lls after enhance r applicatio n. 

.: 
B 

"",, 0 ... 

C 

D E F 
Figure-4 App earance of skin layers A (Co ntrol), after treatment with azo ne (B) and capsa icin (C) 
(x400); skin layer ce lls D (contro l). after treatment with azone (E) and capsa icin (F) (x85000). 

Franz type of diffusion ce lls were used to through full thickn ess of human skin. PDMS 
determ ine the penetration propert ies of membrane and rabbit ear skin. PDMS 
Napro xen through PDMS membrane. Figure-5 membrane gave close result s with hum an skin. 
shows the penetr ation pro files of naproxen 
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Figure -S Penetrati on of naproxen through different memb ranes (Erro r bars represe nt SEM) 
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DISCUSSION 

The penetrations were found to be 
increased when skin samples were pre-treated 
with azone and capsaicin. Azone is very well 
known enhancer but the enhancer effect of 
capsaicin was also detect and proved using 
light and electron microscope in this study. 
Using a computer program, the octanollwater 
partition (log Ko/w) of azone and capsaicin 
were calculated to be 6.2-7 .82 and 3.04-4.00 
respectively. Log Ko/w value indicates the 
liphophylicity of the molecule . The higher 
values indicate that the molecule can stay 
among the skin lipids. In the enhancer case, 
enhancers have to have enough part ition 
coefficients to stay among skin lipids. The log 
Ko/w of capsaicin values is smaller than azo ne, 
so, the reason to obtain lower penetration was 
found to be related with log Ko/w values of the 
enhancer. 

The pressure changes were ob served after 
intraarterial administration of phenylephrine 
and 3 ppm of enhancers. These results indicate 
that enhancers were pharmacologically active 
and ears were alive during the experiment, 
application of the enh ancer to skin sur face did 
not alter the blood perfusion. Although alcohol 
and enhancers slacken the muscle of blood 
vessels, using them for tran sdermal application 
was found to be ineffective. 

Penetration profiles of naproxen solution 
and alternative gel formulation were compared 
to that of commercially availab le cream after 
perfused rabbit ear experiment. Unexpectedly, 
the penetration of naproxen from alternative 
gel was observed to be less than the others. The 
reason was thought to be some interactions 
between capsaicine and naproxen . The possible 
interaction was investigated using IR 
spectroscopy. The IR spectrum of naproxen, 
capsaicin and their physical mixture (III molar 
ratio) were studied. The bands at 1700 ern" , 
1"765 cm- I are due to C=O streching vibrations . 
In the formulation of alternative gel , presence 
of alcoho l may cause removal of water from 
~ molecule of capsaic ine and naprox en . An 
extra peak was observed at 1684 cm-I

. This 

may be due to the form ation of ester like 
structure. The extra bands at 1370 em" and 
3030 ern" may also be an indication of 
chemical interaction between two molecules . 

Human skin samples were pre-treated 
with azone, capsaicin and alcohol and the 
changes on skin cells were investigated und er 
light and electron microscope. The 
homogenisat ion of the stratum corneum layer 
of the skin was observed when skin was pre
treated with enhancers. The thickening of the 
horny layer of the sk in and disappearance of 
some de smosomes and the formation of larger 
vacuoles were also observed afte r inve stigation 
under electron microscope. Th ere were no 
changes after alcohol pre-treatment. 

In conclusion, although the vasodilator 
effects of capsaicin and azone were 
demonstrated, capsaicin may mainly act as an 
enhancer when applied to the skin surface by 
means of its chemical properties and 
lipophilicity like azone . The vasodilator effect 
of capsaicin was found not to be significant. 
The mechanism of e ffects of capsaicin and 
azone on the stratum corneum using light and 
electron microscope were first establi shed in 
this study and they were found to be act in 
similar way by altering the stratum corneum 
structure. 
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