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Abstract

The aim of this work was to compare in vitro the performances at delivering nicotine of two transdermal delivery system
(TDS): Nicorette (8.3 mg/10 cfmicotine content) and Nicopatch (17.5 mg/10%nRelease profiles were obtained using the
FDA paddle method, and skin permeation profiles using Franz-type diffusion cells. Using the first method, nicotine release
followed the polymer matrix diffusion-controlled process, as suggested by the {hearsust'/? relationship. Cumulative
amounts released from Nicopatch were twice the amounts released from Nicorette, but the released fractions were almost equal
for both TDS (50%). Using diffusion cells, skin permeation rates were constant over the time: they were not significantly
different between both TDS and close to in vivo claimed releases: Nicorette should be considered as more efficient at delivering
nicotine through skin than Nicopatch. However, cumulative permeated amounts were overestimated, indicating that the actual
diffusion surface area exceeded the effective diffusion surface area of the cells. Reducing the trimmed TDS surface area led
not only to a reduction of the cumulative permeated amounts, but also to a reduction of the permeation rates. Therefore, the
usefulness of the method to evaluate skin permeation parameters of TDS is questioned.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction ing and withdrawal using TDS is dependent on the
dosing parameterssgiffman et al., 2000 which de-
Nicotine is a cholinergic agonist which is pre- termines the nicotine plasma levels over the course
scribed as an adjunct to smoking cessation. It is of the day Fant et al., 2000 Nicopatch from Pierre
available in various dosage forms: gum, nasal spray, Fabre Santé and Nicorette from Pharmacia & Upjohn
inhaler and patch (or transdermal delivery systems, are two TDS marketed in France. As a common rule,
TDS) (Karnath, 2002 The efficacy of the nicotine  a treatment consists of a daily skin application of the
replacement therapy on the relief of cigarette crav- appropriate TDS during 4—8 weeks in order to deliver
a dose adapted to the level of addiction (which usually
T Comesponding author, Tek 33-5-49-45-45-02: _corresponds to the largest TDS)._ Thi_s initial period
fax: +33-5-49-45.43-78. ‘ is followed by a gradual therapeutic withdrawal, con-
E-mail address: jean.christophe.olivier@univ-poitiers.fr sisting in reducing the dose every 2-4 weeks using
(3.-C. Olivier). smaller TDS (20, 10 and finally 5 ¢ For any TDS,

0378-5173/02/$ — see front matter © 2002 Elsevier Science B.V. All rights reserved.
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Table 1
Nicotine patch specifications

TDS Nicotine content (mg) Surface area @m Application duration (h) Claimed in vivo release
Nicopatch 17.5 10 24 7 mg=(700g cn2) over 24h
Nicorette 8.3 10 16 5mg= 500wg cm2) over 16 h

the initial concentration gradient between the nico-
tine reservoir and skin should be sufficiently high to
maintain the required drug flux over the duration of
the application, which implies that their contents are

2.2. Dissolution test using the FDA paddle method

Nicotine release kinetics were evaluated according
to the FDA paddle methodShah et al., 1988 using

generally much larger than the drug amounts deliv-
ered. Nicopatch and Nicorette differ from each other
in nicotine contents and in time duration for applica-

a DTB 678A apparatus (Kontron Instruments), with
a paddle stirring set at 50 rpm and a receptor phase
consisting of 900 ml HCI 0.025 aqueous solution ther-

tion (Table 7). However, calculated from the claimed Mmostated at 32C. Samples (2 ml) were collected from
in vivo release, the average release rates are almosthe receptor phase at regular time intervals over 24 h,
equal. Furthermore, Nicopatch releases in vivo 40% in order to determine nicotine concentration by UV
of its content over 24 h and Nicorette 60% over 16 h. spectrophotometry at 254 nm. They were poured back
Considering that the nicotine content of Nicorette 10 the receptor phase immediately after determination.
is half the one of Nicopatch, this should mean that

Nicorette is more efficient at delivering nicotine than 2.3. Nicotine skin permeation study using the
Nicopatch, or that the observed in vivo rates are the Franz-type diffusion cells

result of a skin rate-limiting effect. This work was
carried out to clarify this point by comparing the

The two TDS were trimmed to a diameter of

nicotine release and skin permeation characteristics 2-45c¢m (surface area: 4.71&rand adhered to the

of the two TDS.

2. Materials and methods

2.1. Materials

(—)-Nicotine hemisulfate aqueous solution (40%,
w/v nicotine free base content), used to prepare
standards for spectrometric and HPLC determi-
nations, was obtained from Sigma (Saint Quentin
Fallavier, France). The transdermal delivery system
used in this study were Nicorefte5 mg/16h (nico-
tine content: 8.3mg/10cf lot #VE111D) from
Pharmacia-Upjohn, France. Nicopdtch7 mg/24h
(17.5mg/10crR, lot #HU165200). Abdominal fe-
male human skin was supplied by the plastic surgery
department (Prof. Duport) from the Poitiers Univer-
sity Hospital, Poitiers, France. Skin plasties were
stored at—20°C within 2 h after surgery. They were
slowly defrosted at-4°C, dermatomed to 300m,
rolled in aluminium foils and stored at20°C until
use.

stratum corneum of dermatomed skin mounted in
all-glass Franz-type diffusion cells (mean effective
surface area for diffusion: 0.77 &nmean diameter:
0.99cm). The skin and the TDS covered all the sur-
face of the cell (diffusion surface and edge surface).
The receptor compartment was filled with saline
thermostated at 37C, stirred with small magnetic
spin bars. Samples (0.23 ml) were collected from this
compartment at appropriate time intervals in order
to determine by HPLC nicotine concentration in the
receptor phase. They were immediately replaced with
the same volume of saline. The dilution was taken
into account to calculate the cumulative amount of
nicotine transferred into the receptor phase. Nicotine
permeation studies were conducted for 32h. Only
data obtained up to 24 h were used for kinetic pa-
rameter calculation due to the possible loss of skin
integrity after longer time periods.

2.4. " Edge effect” evaluation

The “edge effect” was studied using Nicorette TDS
trimmed to three different diameters (areas): 1.2cm



J.-C. Olivier et al./International Journal of Pharmaceutics 252 (2003) 133-140

(1.13cnf), 1.8cm (2.54 crf) and 2.45cm (4.71 ch)

in order to create an overlap of 0.1, 0.4 and 0.7 cm,
respectively, over the edge of the Franz-type diffusion
cells. Two series of experiments were carried out fol-
lowing the procedure described$ection 2.3one se-
ries without skin (i.e. the TDS was directly adhered to
the cells) in order to evaluate the effect of the patch

135

also expressed as percentage of the initial TDS surface
area content and were referred to as percent cumulative
amountre,. The corresponding nicotine release flux
was designated as percent release Hux

For skin permeation studies using Franz-type cells,
the cumulative amour®p of nicotine that permeated
through skin and reached the receptor phase was plot-

surface area on the nicotine release kinetics, and onetéd versust. Skin permeation rateR at steady state
series with skin interposed between the TDS and the diffusion (i.e. after the lag times required for skin per-

cells (and covering both the effective diffusion sur-

meation to reach equilibrium) were deduced from the

face and the edge surface) in order to evaluate the Slope of theQp versust curves.

effect of the patch surface area on the nicotine per-

Linearity of theQg versust/2 or of the steady-state

meation kinetics. Release kinetics were studied over Qp versust relationship was assessed by calculating

a 48-h period and permeation kinetics over a 24-h
period.

2.5. HPLC nicotine determination

The chromatographic system consisted of a

pump LC-10AT Shimadzu, an autosampler SP8780

the correlation coefficient. Data were compared by
the Student’ds-test (for two groups) or by one-way
analysis of variance followed by the Bonferroni's mul-
tiple comparison test (for more than two groups), with
the level of significance set @ < 0.05.

Spectra-Physics and a spectrophotometer Spec-3. Results

troMonitor Il MaxN® series. Nicotine was analyzed
by isocratic reversed-phase HPLC using a C18 Col-
umn (300x 39 mm, Waters), a mobile phase made
of 0.8% (v/v) of 0.25M sodium dodecy! sulfate so-
lution, 1% (v/v) of 1M sodium acetate solution,
61.2% of (v/v) water and 37% of (v/v) acetonitrile
at a 2mimim? flow rate and a 254nm detection
wavelength. Injection volume was 0. Data were

3.1. Dissolution test (FDA paddle method)

At all time points of determination the cumula-
tive released amoun@r were significantly higher for
Nicopatch than for Nicorette={g. 1A). For both de-
vices Qr was not linearly related to (Fig. 1A), but
to t/2 (Fig. 1B). The nicotine release fluxds were

recorded and processed with an integrator SP4290significantly different between Nicorette and Nico-

Spectra-Physics.
2.6. Data analysis

The cumulative amounts of nicotine released from
TDS that were obtained either by using the FDA pad-
dle method or by using the Franz-type diffusion cells
were plotted versus tind€& (t%/2) and computerized
usingEg. (1) (Ho and Chien, 1993

Qr=F x "2 1)

whereQR is the cumulative released amount, i.e. the
cumulative amount of nicotine released per?cof
the drug-releasing surface of the TDS (FDA paddle
methods) or of the active surface of the Franz-type
cells, andF is the drug release flux deduced from the
slope of theQr versug/? curve. Cumulative released

patch {Table 9. Expressed as the percentage of the
initial surface area contents of the respective devices,
the percent cumulative amoun@ke, were also sig-
nificantly higher for Nicopatch than for Nicorette at
all time points Fig. 1Q. However, values were very
close, as well as the percent release fluseggFig. 1D,
Table 9. At 24 h, the fraction of nicotine released from
the devices reached 55+ 0.8% for Nicopatch and
51.3+ 0.95% for Nicorette. Though very close, these
two values were significantly different.

3.2. in permeation studies

At all time points of determination, the cumula-
tive amountsQp of nicotine that permeated through
skin were not significantly different between Nico-
patch and NicoretteHg. 2). The Qp versud relation-

amounts obtained using the FDA paddle method were ship was linear and skin permeation rates were not
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Fig. 1. Release profiles of nicotine from Nicopatch TDS)(and from Nicorette TDS %) obtained using the FDA paddle method and

expressed as cumulative released amount per surface area unit vs. time (A) and Y. (BheRelease profiles were also expressed as
the percentage of initial nicotine content vs. time (C) and vs. %fmg). Meanst SE.M., n = 6. Short error bars are superimposed with

the symbols.

significantly different between the two TD$gble 3. (86%) at 24 h. For both TDS, the cumulative amounts
For Nicopatch, the cumulative amount of permeated of permeated nicotine continued to increase after the
nicotine was 709 56ugcm 2 (40% of the initial recommended time for TDS withdrawal. In the case

surface area content) at 24 h. For Nicorette, it was of Nicorette, the cumulative permeated amount was
5014+ 39ugcemi? (60% of the initial surface area  close to the surface area content of the device at 28 h
content) at 16 h (recommended time for TDS with- (850+ 69ugcm 2), and significantly higher at 32h
drawal when used for treatment) and 2558 .g cm 2 (9574 84pgcmi2).

Table 2
Release parameters obtained using the FDA paddle methed6)
TDS Release fluf (ugcm2h—1/2) Percent release fluky, r
(meaf + S.E.M.) (% h1/2) (mea’ + S.E.M.)
Nicopatch 186.5+ 1.9 10.7+ 0.1 0.9966+ 0.0002
Nicorette 82.5+ 1.8 9.9+ 0.2 0.9987+ 0.0002

a Significantly different by the Studentistest.
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Table 3
Skin permeation parameters obtained with Nicopatch TDS and Nicorette TDS using Franz-type diffusion ee83 &nd effect of the
TDS surface area

TDS Surface area (cth Skin permeation rat® (uwgcn2h~1) + S.E.M. r

Nicopatch 4.71 31.6: 2.4 0.9900+ 0.0026

Nicorette 4.71 31.6t 2.9 0.9960+ 0.0010
2.54 20.7+ 4.8 0.8402+ 0.0553
1.13 12.3+ 3.4 0.9089+ 0.0317

a and b are not significantly different by the Studenitest. b and c, and c and d are not significantly different, b and d are significantly
different by the Bonferroni’'s multiple comparison test.

3.3. “ Edge effect” study Table 4
Effect of the Nicorette TDS surface area on nicotine release pa-

Without skin interposed between the TDS and rameters obtained using Franz-type diffusion cefis<(4)

the receptor compartment, the cumulative released Surface Release flux r

amountsQr were not linearly related to (Fig. 3A), area (crd) (pgenr2h=1/2)

but to t¥/2 (Fig. 3B, Table 4 whatever the surface (mean S.E.M.)

area. The nicotine release fluxésncreased with in- 471 166.5+ 9.8 0.98934 0.0037
. . 2.54 153.8+ 9.9 0.9975+ 0.0005

creasing surface areasaple 4. Cumulative released ;| ;5 119.04 8.3 09871+ 0.0035

amountsQr at all time points of determination and

nicotine release fluxe§ were significantly higher

than those obtained using the FDA paddle method.

When the experiment was prolonged up to 48h,

cumulative released amoun@g were close to the The effect of the surface areas of trimmed Nicorette

Surface content Of the device (Sﬂg Cmﬁz) at 48h TDS on niCOtine Skin permeation iS presented on

for the smallest surface area, and exceeded this valueFig. 4 For the three surface areas studied, a linear

a and b, and b and c are not significantly different, a and c are
significantly different by the Bonferroni’s multiple comparison test.

at 30h for 2.54crhand at 24 h for 4.71cfa Qp versust relationship was observeddble 3. Skin

permeation rateR decreased with decreasing surface
areas.

B 1000 -

-~ E

S 2 800 -

£ D . .

s 2 4. Discussion

g o 600 -

() . .
o Using the FDA paddle method, the cumulative
2 € 4004 - )

s 3 amount of nicotine release@r from Nicopatch was
g E 500 more than two-times higher than from Nicorette at
5 ® all time points of determination over 24 ki@. 1A).
© ol For both TDS,Qr was not linear witht, but with
0 4 8 12 16 20 24 28 t¥/2 (Fig. 1A and B, suggesting a polymer matrix
time (h) diffusion-controlled processHp and Chien, 1993

The nicotine release fluk from Nicopatch was 2.3
Fig. 2. Skin permeation profiles of nicotine delivered from Nico- times higher than from Nicorettd4ble 9. Expressed
patch TDS () and from Nicorette TDS X) obtained using as percentage of initial surface area contents, how-
Franz-type diffusion cells. Both TDS were t_rimmed to a 4.7%cm ever, percent cumulative released amouygs, were
surface area. The cumulative amout of nicotine that perme- . .
ated through skin was expressed perashthe active surface of almost similar Elg' 1C and D’ as well as percent
the Franz-type diffusion cells. MeassS.E.M., n = 5. The two release fluxesty, (Table 2. Therefore, both TDS

regression curves are virtually superimposed. released nicotine with the same efficiency in term of
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Fig. 3. Effect of the Nicorette TDS surface area on nicotine release profiles. The TDS was trimmed ta)}}.254 @) and 1.13 ()
cn? and was directly applied on Franz-type diffusion cells. Results were expressed as cumulative released amount per surface area unit
vs. time (A) and vs. timE?2 (B). Meanst SE.M., n = 4.

the fraction of nicotine content released. Differences that permeated through skin was linear versus time
in Qr values andF values stemmed only from the for both TDS Fig. 2). Despite a 2.1 times higher
different nicotine contents between both TDS: the drug content, Nicopatch provided the same skin per-
Nicopatch versus Nicorette release flux ratio (2.3) meation rate as Nicorette. Therefore, for Nicopatch
was close to the Nicopatch (1.75mgcTf) versus at least, skin was the rate-limiting factor for nicotine
Nicorette surface area content (§8@cm2) ratio delivery. Interestingly, skin permeation rates corre-
(2.1). It is interesting to notice that neither for Nico- sponded to the in vivo release claimed for Nicorette
patch, nor for Nicorette the cumulative amount of (31ugcnmi2h~1) and was close to the value claimed
nicotine released after the recommended time of ap- for Nicopatch (29ug cm~2 h~1). Previous studies car-
plication (24 and 16 h, respectively), determined using ried out with Nicorette TDS using rat skin or human
the FDA paddle method, was equal to the claimed cadaver skin gave different skin permeation rates,
in vivo release specified iffable 1 For Nicopatch, though in the same magnitude ordéto(and Chien,
the 24-h cumulative released amount was higher than 1993, confirming the importance of the choice of
the claimed 24-h in vivo release, and for Nicorette
cumulative released amounts were lower than the
claimed 16h in vivo release even after 24 h. Such
discrepancies between in vivo claimed release and in
vitro release data were previously reportedLiswis
et al. (1997) These authors showed that the FDA
paddle method does not reflect the conditions of in
vivo release from patches. It is not difficult to figure
out that the complete soaking of TDS in an aqueous
medium and the different physico-chemical properties
between the aqueous medium and skin should have
influence on the release rates. (i} . : : : : : .

In order to complete the comparison study between 0 4 8 12 16 20 24 28
Nicopatch and Nicorette, skin permeation was evalu- time (h)
ated on Franz-type diffusion cells. With this method,
the devices are in situation closer to clinical applica- _ _ _

permeation profiles. The TDS was trimmed to 4.%),(2.54 @)

tion, a_S they are adhered onto j[he upper dry Su_rfaqe Ofand 1.13 ) cn? and was applied on skin mounted in Franz-type
the skin sample. The cumulative amount of nicotine iysion cells. Means- SEM., n = 5.

5 <23 [
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Fig. 4. Effect of the Nicorette TDS surface area on nicotine skin
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skin origin to evaluate TDSQvist et al., 200D The skin permeation data, Nicorette TDS were trimmed to
cumulative nicotine amount that permeated through two surface areas (1.13 and 2.54%mmaller than the
skin was 40% of the content at 24 h (recommended cell surface area and were adhered to skin (4.73)cm
time for TDS withdrawal) for Nicopatch and 60% mounted in cells. This resulted in an underestimation
at 16 h for Nicorette, which confirmed the claimed of the cumulative permeated amo@¥ (Fig. 4) and of
fractions of nicotine released in vivo for both TDS the skin permeation ratés(Table 3 compared to the
over the respective time periodgaple 1. Therefore, claimed in vivo releaseTable ). Such a phenomenon
in term of efficiency at delivering nicotine through was attributed to the skin reservoir effect, i.e. the ac-
skin, Nicopatch should be considered as less efficient cumulation of nicotine within skinBenowitz, 1995;
than Nicorette. In the case of these two TDS, the skin Benowitz et al., 1991 Therefore, skin permeation
permeation rates and the skin permeated amountsrates determined using Franz-type diffusion cells were
determined using the Franz-diffusion cells mounted not only dependent on the intrinsic release properties
with human skin appeared to be predictive of in vivo of the TDS and on the drug permeation through skin,
skin permeation parameters. However, cumulative but also on the relative surface areas of the trimmed
permeated amounts (reported to the effective sur- TDS, of the piece of skin mounted in the cell and of
face area of the cells) were probably overestimated, the active diffusion surface, which questioned the va-
since nicotine continued to permeate according to lidity of the method to evaluate skin permeation pa-
a sustained way long after the recommended with- rameters of TDS.

drawal times. In the case of Nicorette, cumulative  In conclusion, based on the FDA paddle method,
permeated amounts were obviously erroneous: whenboth TDS had release characteristics of a polymer
the skin permeation experiments were prolonged matrix diffusion type. In term of amount, Nicopatch
up to 32h,Qp after 28h was higher than the ac- released more than two-times more nicotine than

tual nicotine content of the TDS (se&ection 3.2 Nicorette in accordance with their respective con-
This observation was attributed to the edge effect tents. In term of release efficiency both TDS were
previously reported byHadgraft et al. (1991)For similar: they released around 50% of their nicotine

Nicorette at least, the actual diffusion surface area content at 24 h. Skin permeation rates of both TDS
clearly exceeded the effective diffusion surface area determined using the Franz-type diffusion cells were
of the cells. apparently equal and corresponded to the claimed in
In order to evaluate the edge effect on drug release vivo releases. However, skin permeation data were
flux F, release studies were performed with Nicorette probably erroneous, since the edge effect led to an
using Franz-type diffusion cells. Cumulative released overestimation of the cumulative amounts of nicotine
amountsQr were dependent on the surface area of that permeated through skin.
the trimmed TDS and significantly higher than using
the FDA paddle method at all time points of deter-
mination §ig. 3A), whatever the surface area. With
2.54 and 4.71 Clgn the cumulative .released amounts Benowitz, N.L., 1995. Clinical pharmacology of transdermal
even exceeded the actual TDS nicotine content after ;- ine. Eur. J. Pharm. Biopharm. 41, 168-174.
30 and 24 h, respectively. The release profiles satis- Benowitz, N.L., Chan, K., Denaro, C.P., Jacob, P., 1991. Stable
factorily fitted theQg versust'/2 model €ig. 3B) and isotope method for studying transdermal drug absorption: the
F (Table 4 were significantly higher than using the nicotine patch. C_Iin. Pharmagol. Ther. 50, 286-293. _
FDA paddle methodsTable 2. Therefore, due to the Fanlg 'I:'\:.V.Z,OHO%nnX\gfleld, J.E., _Shlf_fman, S., Strahs, K.R., Reitberg,
. . P, . A pharmacokinetic crossover study to compare
edge effect, Franz-type diffusion cells led to an over- e apsorption characteristics of three transdermal patches.
estimation of drug release flux compared to the FDA  Pharmacol. Biochem. Behav. 67, 479-482.
reference method. The nicotine within the part of the Hadgraft, J., Lewis, D., Beutner, D., Wolff, H.M., 1991. In vitro
patch overlapping the edge of the cell was responsible assessments of transdermal devices containing nitroglycerin.
for an excess amount of drug diffusing within the TDS Int. J. Pharm. 73, 125-130. = ,
. . Ho, H., Chien, Y.W., 1993. Kinetic evaluation of transdermal
matrix and/or the skin towards the receptor phase. In  icotine delivery systems. Drug Dev. Ind. Pharm. 19, 295—
order to minimize the influence of the edge effect on 313.
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