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ABSTRACI' 

Nicotine transdermal delivery systems (nicotine-TDSs) have been 

evaluated clinically and found to provide effective assistance to smokers in 
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2766 LIN ET AL. 

smoking cessation with minimal occurrence of withdrawal symptoms. 

However, substantial skin reactions have been reported with the four nicotine- 

TDSs marketed recently. To reduce the skin reactions, a new type of 
nicotine-TDS has been recently developed. In vitro skin permeation studies 

demonstrated that this nicotine-TDS yields a constant skin permeation profile 

with a rate of permeation across the human cadaver skin comparable to the 
steady-state permeation rates attained by Habitrolm and Nicoderm@ systems. 

Clinical studies completed in two ethnic groups have demonstrated that this 

newly-developed nicotine-TDS is clinically effective and has yielded minimal 

skin irritation. As part of technical transfer program, a clinical study was 

initiated in 18 non-obese non-smoking Taiwanese, using Latin-square design, 

to compare the systemic bioavailability and pharmacokinetic profile of 

nicotine delivered transdermally from the nicotine-TDSs fabricated at 

technology licensee (Sintong nicotine-TDS) in comparison with that from the 

technology developer (TBS nicotine-TDS), using one marketed nicotine-TDS 

(Habitrolm system) as the reference product. In vitro release and skin 

permeation studies of nicotine from the nicotine-TDSs manufactured at both 

licensor and licensee were found similar in kinetic profiles and comparable 

in rates, Since the patch size of these nicotine-TDSs studied was smaller than 

the marketed product used (10 cm2 for both Sintong and TBS nicotine-TDSs, 

versus 20 cm2 for Habitrolm system), the daily doses of nicotine delivered to 

the volunteers are equivalent between Sintong and TBS nicotine-TDSs [9.58 

(-+ 2.23) vs. 8.76 (+ 1.88) mg/day/patch] but are lower than that from 

Habitrolm system [ 15.13 (+ 4.05) mg/day/patch]. Thus, for the statistical 

analysis of the pharmacokinetic parameters obtained need to be corrected for 

the difference in patch size and daily nicotine dose delivered. The results of 

statistical analysis suggested that Sintong and TBS nicotine-TDSs are 

bioequivalent to Habitrolm system. 

INTRODUCTION 

Due to the undesirable effects of smoking on human health and clean 
environment, various methods have been devised to help smokers to quit 
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TRANSDERMAL NICOTINE DELIVERY SYSTEMS 2767 

smoking. Among these, nicotine replacement therapy has been considered as 

the most efficient method for the reduction of tobacco craving by substantially 

minimizing withdrawal syndromes [ 11. Nicotine replacement therapy has even 

been regarded as the first effective treatment, as a smoking cessation aid, for 

the appropriately motivated and properly instructed smokers [2]. Four 

nicotine-releasing transdermal delivery systems (nicotine-TDSs), which are 

designed to achieve the transdermal controlled delivery of nicotine over a 24- 

hr or 16-hr period, have recently received regulatory approval for marketing 

in the United States as an effective and safe treatment for smoking cessation 

[3-61. The results obtained clinically have documented that these nicotine- 

TDSs can provide effective assistance to smokers in smoking cessation with 

minimal occurrence of withdrawal symptoms. However, substantial skin 
reactions have been reported with these marketed nicotine-TDSs [7-lo]. 

To reduce the skin reactions, a new generation of nicotine-TDS, which 

also releases a counterirritant, has been recently developed [ll]. Study was 

performed to compare the nicotine-TDS fabricated at the technology licensee 

(Sintong Chemical Industrial Co., Ltd.) with that from the technology 

developer (TBS Laboratories, Inc.), using a marketed nicotine-TDS 

(Habitrolm system) as the reference product. In Vitra skin permeation studies 

demonstrated that this newly-developed nicotine-TDS yields a constant skin 

permeation profile of nicotine across the human cadaver skin with a rate 

[0.068 (+ 0.003) mg/cm2/hr] [12], which is comparable to the steady-state skin 

permeation rates from Nicoderm@ system [0.072 (+ 0.006) mg/cm2/hr] and 

Habitrolm system [ 0.071 (2  0.002) mg/cm2/hr] investigated under the 

identical experimental conditions [ 131. Clinical studies, which were performed 

first in USA [14] and then in Taiwan [15], demonstrated that this new 

nicotine-TDS is clinically effective and has yielded minimal skin irritation. 

Pharmacokinetic treatment of the plasma nicotine profiles generated in two 
ethnic groups and statistical analysis suggested that there is no demographic 

effect [ 121. 

As part of technical transfer program, a bioequivalence study was 

initiated in 18 non-obese non-smoking Taiwanese. In this report, the results 
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2768 LIN ET AL. 

of jn vitrQ kinetic studies and clinical bioequivalence evaluations of these 

nicotine-TDSs will be discussed. 

The newly-developed nicotine-TDS, which is a multi-laminate adhesive- 

type transdermal nicotine delivery system having nicotine and counterirritant 

dispersed in the adhesive polymer [ 111, used in this series of investigations was 

fabricated by TBS Laboratories, Inc. (Piscataway, NJ) and by Sintong 

Chemical Industrial Co., Ltd. (Taoyuan, Taiwan), respectively, using the same 

formulation, identical process and similar equipment. For comparative 

studies, Habitrolm system, which was used as the reference product, was 

obtained through Hurtado Health Center (New Brunswick, NJ) and also 

investigated using the same study protocol. Nicotine, as the reference 

standard, was purchased from Sigma Chemical Co. (St. Louis, MO). 

N%HP04, KH2P04, and NaCI, used for the preparation of isotonic phosphate 

buffer system, were reagent grade and used as obtained from Fisher Scientific 

(Fair Lawn, NJ). 

In Etro skin permeation kinetics - The skin permeation system used for 

studying the skin permeation kinetics of nicotine was consisted of the 

hydrodynamically well-calibrated Valia-Chien (V-C) skin permeation cell [ 161, 

fabricated by Crown Glass Co. (Somerville, NJ), and synchronous driving 

assembly, engineered by Canton Industrial Co. (Edison, NJ). A circulating 

water bath (Model 80, Fisher Scientific, Fair Lawn, NJ) was used to provide 

temperature control for the water-jacketed V-C permeation cell. 

Analytical instrument - HP-1090M assembly (Hewlett-Packard, Atlanta, 

GA) was the HPLC system used for the assay of nicotine. It consisted of 

diode-array detector and ODS Hypersil C,, column (5pm; 2.1 mm x 100 mm). 
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TRANSDERMAL NICOTINE DELIVERY SYSTEMS 2769 

In Vitropemeation studies - The same experimental procedure and 

conditions reported earlier [ 131 were also used in this investigation. 

In brief, the left posterior leg skin of male human cadaver (donor: 

JM92192, 43 years old) was first defrosted at room temperature for 10 min 

and then thawed in distilled water (200C) for another 10 min to remove 

preservatives. The skin specimen was cut into pieces (3.5 by 3.5 cm2 each) 

and unit of nicotine-TDS was applied onto the stratum corneum surface of the 

skin and then mounted individually between the half-cells of the V-C 

permeation cell, which was thermostated at body temperature by circulating 

water (37°C) through the water jacket. The receptor half-cell of each V-C 

cell was filled with 3.3 ml of isotonic phosphate buffer solution (pH 7.4), 

which was stirred by a starhead-shape magnet rotating at 600 rpm. Samples 

(300 pl each) were taken from the receptor solution at predetermined 

intervals and nicotine concentrations in the samples were assayed by HPLC 

method outlined later. 

Dissolution studies - For studying the release kinetics of nicotine from 

the nicotine-TDSs, the in vitro dissolution method [ 171 modified from USP 

apparatus I1 by the Center for Drug Evaluation and Research, Food and Drug 

Administration (Rockville, MD) was used. Briefly, six units of tested nicotine- 

TDSs, following the removal of the protective release liner, were each 

sandwiched between a set of nickel-chromium wire gauze (Fisher Scientific, 

Springfield, NJ) and watch gauze glass (with its drug-releasing surface facing 

gauze) and clamped together by 3 pieces of plastic clips. The gauze-TDS- 
glass set was each carefully positioned (with the gauze side facing up and the 

glass side Facing down) at the center bottom of the dissolution vessel, which 

contained 900 ml of a prewarmed distilled water (32 O C) each. Lower down 

the paddles to a fixed position above the gauze-TDS-glass set and rotate them 

at a speed of 50 rpm. Samples (5 ml each) were taken at predetermined time 

intervals and the nicotine concentration i n  the samples were assayed by HPLC 

method outlined below. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2770 LIN ET AL. 

Analytical tizetliods - Concentrations of nicotine in the samples taken 

from the receptor solution or dissolution medium were determined by 

iiijecting a volume of sample (15 pl of the receptor solution or 8 pl of the 

dissolution mzdium into a reverse-phase HPLC outlined above. The detector 

was set at wavelength of 260 nm, while a combination of phosphate buffer 

(pH 7.4), methanol and acetonitrile (45:27.5:27.5 for permeation samples, 

40:30:30 for dissolution samples) was used as the mobile phase. Under such 

condition, a well-separated peak was detected at the retention time of 1.3 min 

with the sensitivity of 5 pg/ml. 

Clinical Studies 

Siibjcd’s ii?jun?tcrtion - The studies were conducted at Mackay 

Mcmorial Hospital (Taipei, Taiwan) in a group of 16 subjects (9 females and 

7 males, two other subjects dropped out of the studies). The mean value (+ 

SD) of age and body weight of the subjects were 24.8 (+ 2.3) years (ranging 

from 22 to 32) and 57.3 (+ 8.4) kg (ranging from S O  to 80), respectively. 

All subjects had a normal medical history and were in good health 

(confirmed by physical examination and appropriate laboratory testing of 

blmd and urine before participation). Criteria for exclusion include: history 

of cardiovascular dise:ises, diabetes mellitus, peptic ulcer, liver or kidney 

disorder, skin allergies or other skin diseases, and current pregnancy or breast 

feeding. 

Crossover studies - In order to evaluate the possible effect of the 

crossover of treatment periods as well as the changeover of treatments, the 

subjects were divided into six groups (n = 3 each) and each group of subjects 

was enrolled into the treatment from one period to the next. Therefore, the 

study design has the form of two 3 x 3 Latin squares (Table I). 

The study protocol designed was approved for the protection of human 

subjects by the Institutional Review Board of Mackay Memorial Hospital and 

Department of Health. Before initiation of the study, written informed 
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TRANSDERMAL NICOTINE DELIVERY SYSTEMS 

Treat rnent 

277 1 

Lat in  square 1 Latin square 2 

Subject groupa 
I I I I I 

Table I. The experimental design in the clinical studies of three nicotine-TDSs 
in six subject groups following three treatment periods 

1 

2 

3 

A B C A C B 

B C A C B A 

C A B B A C 

consent was obtained from each subject prior to participation. The subjects 

were randomly assigned to one of six groups. And, each group of subjects was 

subjected to, using a different sequence of treatments, the following three 

treatments: 

Treatment A: One unit of Sintong nicotine-TDS for 24 hour; 

Treatment B: One unit of TBS nicotine-TDS for 24 hour; 

Treatment C: One unit of Habitrolm system for 24 hour. 

All treatment were carried out in a 6-day restricted inpatient environment. 

The nicotine-TDS was applied onto the skin in the upper chest region and 

removed after treatment for 24 hours. During the course of study, serial 

blood samples (5 ml each), based on the study protocol designed, were 

withdrawn from the superficial forearm vein of each subject at 0,2,4,6,8,  10, 

12,24 and 48 hours for each single-dose treatment and collected into the pre- 

chilled heparinized glass tubes. Samples were centrifuged immediately 

following collection (10 min at 2500 rpm) and plasma samples were each 

immediately separated and stored in a freezer (at -20' C). A 24-hr washout 
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2172 LIN ET AL. 

period was incorporated be tween two treatments, since the half-life of nicotine 

is around 2-3 hours. 

Assay of Plasma Samples - The assay of nicotine and its major 

metabolite, cotinine, was conducted at University of California, Division of 

Clinical Pharmacology and Experimental Therapeutics (UCSF, San Francisco, 

California, USA) by a capillary gas chromatographic method [MI. Briefly, the 

procedure consisted of spiking the plasma samples (1.0 ml each) with internal 

standards and then recovering nicotine and cotinine by a 3-step extraction 

procedure. An aliquot of the extracts was injected into a gas chromatograph 

(GC) equipped with an automatic sampler, a split-splitless injection port, a 
fused silica capillary column (0.32 mm by 25 m) and a nitrogen-phosphorous 

detector. The detection limits were calibrated and found to be 0.5 ng/ml for 

nicotine and 5 ng/ml for cotinine. The inter-day and intra-day variabilities 
were determined and found to have a mean coefficient of variation of 1.1- 

7.8% for nicotine (1-100 ng/ml) and of 0.8-9.5% for cotinine (10-1000 ng/ml). 

Assay specificity was verified by comparing the data with those determined by 

GC-MS. 

Assay of Residual Nicotine in Used Patches - All used nicotine-TDS 

patches were returned in original packages to Sintong Chemical Industrial 

Co., Ltd. for nicotine residue assay. Residual nicotine content in the used 

patches was first extracted into methanol and then analyzed by gas 

chromatograph (Hewlett Packard HP-5890 11) following standard method [ 141. 

Data Treatmet& 
Pharmacokinetic analysis - The plasma nicotine concentration-time 

profiles resulted from the transdermal delivery of nicotine from each of the 

three nicotine-TDSs were submitted to pharmacokinetic treatment to obtain 

the values of the following pharmacokinetic parameters: 

1) Cma: peak plasma nicotine concentration; 

2) tmm: time to reach the peak plasma nicotine concentration; 
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TRANSDERMAL NICOTINE DELIVERY SYSTEMS 2173 

3) AUC: area under the plasma concentration-time curves 

calculated by trapezoidal rule. 

Model fitting analysis - A general dynamic mathematical model, which 

was developed to describe the plasma concentration profile of drug following 

transdermal delivery, was applied for the modeling and analysis of plasma 

nicotine data generated in the clinical studies of three nicotine-TDSs to 

determine the pharmacokinetic parameters. The following equations have 

been derived to describe the concentration profiles of nicotine in the central 

compartment using one-compartment open model with transdermal 
continuous infusion of nicotine from the nicotine-TDSs: 

(1) for absorption phase and plateau steady-state phase 

(2) for elimination phase 

where C is the plasma concentration of nicotine in central compartment; Ri 

is the rate constant for nicotine infusion; K, is the first-order rate constant for 

elimination; V is the volume of distribution in central compartment; t is the 

time after patch application; and T is the total duration of patch application. 

Using this one-compartment open model, the plasma data determined 

experimentally can be fitted with the theoretical line calculated from 

Equations (1) and (2) and the values of Ri/V and K, are thus computed. 

Thereafter, the elimination half-life (tl,.J and plasma nicotine concentration 

at steady state (Css) could be calculated from K, and/or Ri/V values. 

statistic Anahviv 

The student t-test was used to determine the statistical significance of 

each pharmacokinetic parameter, which was obtained from the 
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2114 LIN ET AL. 

pharmacokinetic treatment of plasma nicotine concentration profile, among 

the nicotine-TDSs. The effects of variation in the applications periods and 

treatment sequences of nicotine-TDSs on the transdermal bioavailability and 

pharmacokinetics of nicotine were assessed statistically. 

RESULTS AND DISCUSS ION 
$kin Permeation IGnek 

The skin permeation kinetics of nicotine delivered by the nicotine- 

TDSs was investigated using the left posterior leg skin of human cadaver. 

The results indicated that nicotine delivered from both Sintong and TBS 

nicotine-TDSs permeate through the human cadaver skin at a permeation 

profile which can be well described by the zero-order kinetics (Figure 1). 

This constant skin permeation has been followed throughout the 30-hr skin 

permeation study (r2 2 0.99). A skin permeation rate of 0.047 (+ 0.003) 

mg/crn2/hr was obtained for Sintong nicotine-TDS and 0.049 ( 2  0.003) 

mg/cm2/hr for TBS nicotine-TDS, which are essentially no difference 

statistically (P > 0.05). The results indicate that Sintong and TBS nicotine- 

TDSs are equivalent kinetically, in addition to being pharmaceutically 

equivalent in system design and composition. 

The skin permeation kinetics of nicotine from Habitrolm system was 

also investigated under identical conditions. The results are also plotted in 

Figure 1, which show that the nicotine delivered from HabitroP system yields 

a biphasic permeation profile with fast rate for the initial 10 hours and slower 

rate at steady state. The initial rate of skin permeation is almost two times 

higher than that at steady state [(Q/t); = 0.092 (-+ 0.003) and (Q/t),, = 0.053 

(+ 0.001) mg/cm*/hr]. The permeation profiles obtained here are in 

agreement with the observations reported in the literature [12,13]. The 

steady-state rate of permeation for nicotine delivered by Habitrolm system 

[0.053 mg/cm2/hr] is statistically no difference from those attained by Sintong 

and TBS nicotine-TDSs (P > 0.02). Therefore, Sintong and TBS nicotine- 
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Sintong nicotine-TDS (n=3)  
A TBS nicotine-TDS (11=3) 
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FIGURE 1 
Comparative skin permeation profiles of nicotine delivered from the three 
nicotine-TDSs (n = 3  each) through human cadaver skin. 
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2116 LIN ET AL. 

TDSs are considered equivalent, kinetically, to Habitrolm system at steady 

state. 

In order to gain a better insight into the mechanisms underlying the 

controlled release of nicotine from the nicotine-TDS and its role on the 

transdermal systemic delivery of nicotine, the release kinetics of nicotine was 

investigated. The results in Figure 2A indicate that all three nicotine-TDSs 

release nicotine gradually, at a nonlinear manner, throughout the course of 

24-hr dissolution study. The release profiles of nicotine from all three 

nicotine-TDSs appear to follow the polymer matrix diffusion-controlled 

process [19]. As reported previously [12,13], a biphasic 0 vs. t1/2 relationship 

was also obtained in this investigation for all nicotine-TDSs (Figure 2B). The 

relationship can be presented mathematically [ 191 as follow: 

where Q is the cumulative amount of nicotine released from a unit area of 

drug-releasing surface and R is drug release flux, which is defined by: 

where A is the initial loading of nicotine; C, is the solubility of nicotine in the 

adhesive polymer; D, is the diffusivity of nicotine in the polymer matrix. 

Nicotine was released from Sintong, TBS and Habitrolm nicotine-TDSs, 

respectively, at initial release flux of 11.12 (+ 0.92), 10.44 (+ 0.46) and 8.86 (+ 

0.40) %/hr1l2 for the first 4 hours, which shifted to a lower rate of 1.25 (+ 

0.23), 1.36 (+ 0.09) and 1.93 (+ 0.13) %/hr'l2 for the remaining 20 hours. It 

is interesting to note that the release flux of nicotine from nicotine-TDSs at 

the initial state [(Q/t1/2)i] follows the order of Sintong 1 TBS > Habitrolm, 

while a reverse order is observed at steady state [(Q/t1/2),]: Habitrolm > 

TBS 2 Sintong. The observed shifting phenomenon could be attributed to the 
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/ 

0 Sintong nicotine-TDS (n=6:  
A TBS nicotine-TDS ( n = 6 )  

Habitrol system ( n = 6 )  

0 Sintong nicotine-TDS (n=6:  
A TBS nicotine-TDS ( n = 6 )  

Habitrol system ( n = 6 )  

G 9 1 2  15 18 21 24 0 3 

100 

80 

60 

40 

20 

0 

Time of Study (hours) 

B 

0 1 1  12  ( *  0 9 2 )  

8 8 6  (i 0 4 0 )  
A 1 0 4 4  (.t 046) 

0 1’5 ( *  0 1 3 )  
A I36 ( i  009) 

I93 ( i  0 13) 

a 
00 0 5  1 0  1 5  2 0  ’ 5  3 0  3 5  4 0  4 5  50 

FIGURE 2 
Cumulative release profile of nicotine from the three nicotine-TDSs (n = 6 
each) as a function of time (A) and square root of time (B). 
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reduction in the loading dose of nicotine in drug reservoir compartment to a 

level having a significant effect on the magnitude of (2A - CP)ll2 (Equation 

4). Statistical analysis, by student t-test, of the release fluxes of nicotine 

indicated that the differences between Sintong and TBS nicotine-TDSs is 

statistically insignificant (P > 0.05), but the different between Sintong 

nicotine-TDS and Habitrolm system as well as between TBS nicotine-TDS and 

Habitrolm system are statistically significant (P < 0.001). 

condm bn of Skin Pentteation w ith Release ffinetlc . .  
The release of nicotine from Sintong and TBS nicotine-TDSs, both are 

multi-laminate adhesive-type nicotine-TDS, appears to be controlled solely by 

adhesive polymer matrix diffusion process (Figure 2B). The observation of 

constant skin permeation profiles (Figure 1) is an indication that the skin 

permeation of nicotine, following the release of nicotine-TDS, is still 

controlled by the transport through the non-sink stratum corneum, which acts 

as a rate-limiting permeation barrier for the systemic delivery of nicotine, 

after its release to the surface of stratum corneum. 

Clinical E v M o q  
The plasma concentration profiles of nicotine in 16 Taiwanese 

volunteers following the transdermal delivery of nicotine from Sintong and 

TBS nicotine-TDSs (both are 10 cm2 each) and Habitrolm system (20 cm2 are 

compared in Figure 3. As reported previously [20], plateau levels were 

attained within 6 hours of nicotine-TDS application and maintained 

throughout the course of 24-hr application. These plasma profiles are 

analyzed pharmacokinetically to calculate the pharmacokinetic parameters for 

each nicotine-TDS and statistically to determine the statistical significance of 

the following factors: 

1) System-to-System bioequivalence: To study the bioequivalence in the 

systemic bioavailability and transdermal pharmacokinetics of nicotine among 

Sintong, TBS and Habitrolm nicotine-TDSs in all groups of subjects. 
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100 

10 

1 

0.1 

0 Sintong nicotine-TDS ( n =  16) 
A TBS nicotine-TDS (n= l6 )  
m Habitrol system (n= l6 )  

Comparative plasma profiles of nicotine in human volunteers (n = 16) during 
and after the 24-hr topical application of three nicotine-TDSs. 
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2) Period-to-Period variability: To investigate any effect of variation in 

the treatment periods for each nicotine-TDS on the systemic bioavailability 

and transdermal pharmacokinetics of nicotine in various groups treated with 

the same nicotine-TDS. 

&stem-to-Svstem Bioeauivalence 

Nicotine Plzarnzacokinetic Profiles - The results in Figure 3 indicate that 

the plasma concentration profiles of nicotine attained by the transdermal 

delivery of nicotine from all three nicotine-TDSs appear to be adequately 

described pharmacokinetically by the one-compartment open model, since 

most of the experimental data points, except three data sets, correlate well 

with the theoretical line calculated from Equations (1) and (2) with a 

correlation coefficient (r) of greater than 0.92. The pharmacokinetic 

parameters obtained by pharmacokinetic treatment are outlined in Table I1 
(sections A and B). The results of statistical analysis suggest that the 

differences in pharmacokinetic parameters are statistically insignificant (P > 

0.2) between Sintong and TBS nicotine-TDSs, but the differences in the values 

of C,, AUC0'24, Ri/V, C,, and Do are significant (P < 0.01) between 

Sintong nicotine-TDS and Habitrolm system as well as between TBS nicotine- 

TDS and Habitrol" system (Table 11-G). The higher mean values of C,, 

AUCo-24, Ri/V and C,, observed for Habi t roP system than for Sintong and 

TBS nicotine-TDSs can be attributed to the higher daily dose (Do) of nicotine 

(15.13 vs. 9.58 and 8.76 mg/day/patch) delivered from the larger patch size 

for Habitrolm (20 cm2) than from other two nicotine-TDSs (10 cm2). Hence, 

it makes good sense scientifically to correct the dose- and patch size- 

dependent pharmacokinetic parameters, such as C,, AUC, Ri/V and Css, 

for the difference in patch size and daily dose delivered among these nicotine- 

TDSs (Table 11, sections D and E). Statistical analysis, using student t-test, 

of all the corrected pharmacokinetic parameters indicated that except the 

values of Ri/V/Do and Do/Area, the differences among all other parameters 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TRANSDERMAL NICOTINE DELIVERY SYSTEMS 2781 

Table I t :  Ccnpsrison i n  systemic b i o a v a i l a b i l i t y  and phamscokinetic parameters of n i co t i ne  del ivered 
t r a n r d c r a l l y  t o  Taiwanese vo lmtee rs  (n = 1 6 )  from three nicotine-TDSs 

Sintong nicotine-TDS TBS nicotine-TOS nabitrolm system 

A. Pharmcokinetic P a r m t e r s :  

C (ng/ml : S E W  
(Iyx (hr  f S E W  
f i b - 2 4 )  (ng/ml*hr f SEMI 

8 . 8 6  ( 0 . 8 4 )  7.66 ( 0 . 8 4 )  15.58 ( 1 . 5 9 )  
10.1 ( 1 . 1 )  9 . 9  ( 1 . 0 )  11.0 ( 1 . 4 )  

212.46 ( 2 2 . 0 4 )  190.50 ( 2 3 . 9 8 )  391.04 ( 4 4 . 4 3 )  

8 .  Y o d e l  F i t t i n g  Parameters: 

C (B.24)  ( n g l m l  f S E W  
R S f V  (Tp/hr/ml f S E W  
K '  (h r  f SEW) $, (h r  f S E W  

7.20  ( 0 . 8 1 )  5.89 ( 0 . 7 6 )  13.72 ( 1 . 4 9 )  
2.303 (0 .325)  1.898 ( 0 . 2 2 9 )  4.723 ( 0 . 6 5 1 )  
0.344 (0 .047)  0.346 ( 0 . 0 3 9 )  0.361 ( 0 . 0 4 6 )  
2 . 7  ( 0 . 5 )  2 . 7  ( 0 . 6 )  2 . 7  ( 0 . 6 )  
0 .919 0.930 0.931 

C. Dai ly  Nicot ine Dose Delivered: 

Dn (mg/dw/patch f SD) 9.58  ( 2 . 2 3 )  8 .76  ( 1 . 8 8 )  15.13 ( 4 . 0 5 )  

D. Parameters Normalized bv Da i l y  Nicot ine Oose: 

/D (dayspatch/ml a f !bY) 0.950 ( 0 . 1 0 0 )  0.893 ( 0 . 1 0 9 )  1.087 ( 0 . 1 4 8 )  
:m18-$4)/0 (dayepatchlml x 10 !6SEM) 0.823 ( 0 . 1 1 6 )  0.721 ( 0 . 1 2 2 )  0.969 ( 0 . 1 4 5 )  
A@(0-24)/D0 (day.pstch.hr/ml 10 f SEMI  23.25 ( 3 . 0 0 )  22.65 ( 3 . 4 5 )  27.82 ( 4 . 3 7 )  
Ri/V/DO (da&pstch/hr/ml a lo - '  f S E I O  0.245 ( 0 . 0 2 7 )  0.215 ( 0 . 0 1 8 )  0.301 ( 0 . 0 3 2 )  

E. Pa rae te rs  Wormslized bv Patch Size: 

D /Area (mg/cm2/dayjpatch f SEMI 0.958 ( 0 . 0 5 6 )  0.876 ( 0 . 0 4 7 )  0.757 ( 0 . 0 5 1 )  
Co /Area (ng/ml/cm f S p  0.886 ( 0 . 0 8 4 )  0.766 (0.084) 0.779 (0.080) 
Cwf&24)/Area (np/ml/Cm f S E W  0.720 ( 0 . 0 8 1 )  0.589 ( 0 . 0 7 6 )  0.686 ( 0 . 0 7 4 )  
dt(0-24)/Area (np/ml/p2*hr t SEM) 21.25 ( 2 . 2 0 )  19.05 ( 2 . 4 0 )  
Ri/V/Area (ng/hr/ml/cm t SEMI 0.230 ( 0 . 0 3 2 )  0.190 ( 0 . 0 2 3 )  0.236 ( 0 . 0 3 3 )  

19.55 ( 2 . 2 2 )  

F.  In Vivo Del ivery  Rate vs Systemic lnollt Rate: 

D /Area/hr (f igpn2/hr t S E M I  
RplArea (&p/cm /hr  i SEN) 

39.92 ( 2 . 3 3 )  
33.77 ( 5 . 0 0 )  

36.51 ( 1 . 9 6 )  
29.02 ( 4 . 4 2 )  

31.53 ( 2 . 1 1 )  
35.85 ( 5 . 3 5 )  

c. s t a t i s t i c  aM lvS i@ 
t P  t P  t P t P t P t P  

cmx tmX AUC(C-24) R i / V  'e css 

Sintong vs TBS 1.018 0.317 0.173 0.864 0.704 0.487 1.032 0.311 -0.035 0.972 1.182 0.248 
Sintong vs Habitrol. -3.739 <0.001* -0.510 0.614 -3.624 <0.001* -3.183 0.004' -0.268 0.791 -3.692 4 . 0 0 1 *  
TBS vs Habitrolm -4.418 <0.001' -0.670 0.508 -4.013 <0.001* -3.989 <0.001' -0.257 0 . 7 W  -4.596 '0.001. 

~~~ 

DO C,,/DO AUC(C-24)/Do Ri/V/OO Cs,(&24)/OO Oo/Arca 

Sintong vs TBS 1.120 0.272 0.391 0.699 0.143 0,887 0.966 0.342 0.605 0.550 1.120 0.272 
Sintong vs Habi t ro ln  -4.806 <0.001* -0.770 0.448 -0.918 0.360 -1.300 0.204 -0 .774 0.445 2.673 0.012. 
1BS vc Wabitrolm -5.711 q0.001. . 1 . W  0.296 -0.641 0.407 -2.316 0.028. -1 .304 0.202 1.736 0.093 

C,,/Area AUC(O-24)/Area Ri/V/Area Css(524)/Area Do/Area/hr Ri/Area 

Sintong vs TBS 1.017 0.317 0.674 0.505 1.032 0.311 1.182 0.248 1.120 0.271 0.714 0.481 
Sintmg vs Habi t ro lm 0.926 0.362 0.541 0.592 -0.126 0.900 0 .309  0.759 2.674 0.012. -0.281 0.781 
TBS vs nabitrolm -0.116 0.908 -0.154 0.879 -1.152 0.258 -0.914 0.368 1.754 0.093 -0.977 0.337 

Note 1:  
C peak plasma n i co t i ne  concentrat ion 
t""; t i m  t o  reach the peak p l a s m  n i co t i ne  concentrat ion 
C"! steady-state p l a s m  concentrat ion observed during the plateau (steady s ta te )  per iod ( 8  to 24 hours) 
Aaij(0-24):  area vdcr the plasma c w e n t r a t i o n - t i m  curves calculated by trapezoidal r u l e  f r m  0 t o  24 h r  
ni: n i c o t i n  irprt r a t e  constant, V: volunc of d i s t r i t u t i m ,  the R i / V  r a t i o  uas obtained from rodel f i t t i n p  
I( : el iminat ion r a t e  constant obtained from nodcl f i t t i n g  
te: e l iminat ion h a l f - l i f e  (ca lcu lated from KJ 
rn co r re la t i on  coe f f i c i en t  o f  f i t t i n g  
D : & l l y  n ico t i ne  dose dej ivered from each nicotine-TDS 
&en: s i xe  o f  patch (10  cm fo r  both Sintong and 1 B S  nicotim.TDSs, 20 cmz f o r  Habitrolm system) 

a. S t a t i s t i c  anatysis was performed using student t - t e s t .  
b. t :  t value of student t - t e s t  
c. p: p robab i l i t y  value of student t . test  
d. presents a s ign i f i can t  d i f f e r e w e  of student t - t e s t  (P c 0 . 0 5 ) .  

Note 2: 
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are statistically insignificant (P > 0.05) (Table 11-G). The difference in the 

Ri/V/Do values between TBS nicotine-TDS and Habitrolm system are 

statistically significant (P < 0.05). And, the difference in the Do/Area values 

between Sintong nicotine-TDS and Habitrolm system are statistically 

significant (P c 0.05). 

The assay of residual nicotine content in the used patches has provided 

the results on the amount of nicotine delivered to the skin from the nicotine- 

TDS, during the course of 24-hr topical application. The data in Table 11-F 
indicate that the In vivq delivery rate of nicotine (Do/Area/hr) from Sintong 

nicotine-TDS [39.92 (+ 2.33) pg/cm2/hr] is very much the same as those of 
TI3S nicotine-TDS and Habitrolm system [36.51 (+ 1.96) and 31.53 (+ 2.11) 

pg/cm2/hr, respectively]. Statistical analysis, using student t-test, indicated 

that the difference in Do/Area/hr between Sintong nicotine-TDS and 

Habitrolm system is statistically significance (P < 0.05), while the differences 

between Sintong and TBS nicotine-TDSs as well as between TBS nicotine- 

TDS and Habitrolm system are not statistically significant (P > 0.05) (Table 

11-G). 

By dividing the value of Ri/V by the drug-releasing area of nicotine- 

TDS, and taking the volume of distribution [2.6 (+ 0.9) l/kg] reported in the 

literature [20] and the body weight of each subject participating in this 

investigation into account, the systemic input rate of nicotine from the 

nicotine-TDS (Ri/Area) could be estimated. The data obtained (Table 11-F) 

indicate that the systemic input rate of nicotine from Sintong nicotine-TDS 

[33.73 (+ 5.00) pg/cm2/hr] is very much the same as those of TBS nicotine- 

TDS and Habitrolm system [29.02 (+ 4.42) and 35.85 (+ 5.35) pg/cm2/hr, 

respectively], and the difference in the Ri/Area values among the nicotine- 

TDSs is not statistically significant (P > 0.05). 

Cotinine Piiarmacokinetic Profiles - Cotinine is the major inactive 

metabolite of nicotine and has a half-life of 16.9-22.7 hours [21]. The plasma 

profiles of cotinine following three nicotine-TDSs are compared in Figure 4, 
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1000 
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2783 

0 Sintong nicotine-TDS (n=  16) 
A TBS nicotine-TDS (n=16) 

Habitrol system (n=16)  

I-- t r e a t  m e n t -1 __ pos t  - t rea t  m e n t - 
Time of Medication (hrs) 

FIGURE 4 
Comparative plasma profiles of cotinine, the major metabolite of nicotine, in 
human volunteers (n = 16) during and after the transdermal delivery of 
nicotine from three nicotine-TDSs applied topically for 24 hours. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2784 LIN ET AL. 

100 

10 

1 

0.1 

0 Sintong nicotine-TDS 
A TBS nicotine-TDS 

Habitrol system 

0 12 24 36 48 60 72 84 96 108 120 132 144 

t ' period 3 
-t ' period 2 -t ' period 1 

Time of Medication (hrs)  

FIGURE 5 
Comparative plasma profiles of nicotine in human volunteers (n = 5-6 per 
period) during and after three treatment periods of 24-hr topical application 
of three nicotine-TDSs, in sequence, by Latin square design. 

which indicate that higher levels of cotinine were attained by Habitrolm 

system than by Sintong and TBS nicotine-TDSs, even though the baseline 

levels among the three groups of subjects, during the pretreatment period, are 

statistically no difference. As expected, the difference in the plasma profiles 

of cotinine produced by Sintong and TBS nicotine-TDSs is statistically 

insignificant (P > 0.05). 

Pen'od-to-Period Van'abilim 

Effect of variation in the treatment periods for each nicotine-TDS has 

been evaluated and is discussed as follows: 
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Table I l l .  E f f e c t  of v a r i a t i o n  i n  the treatment periods for each nicotine-10s on transderrnsl pharmcokinetics 

1. Sintu-m nicot iw-TDf  

of n icot ine  in Taiuanesc voltnteers (n 8 5-6 per system) 

~~~~ ~~~ 

3rd p r i o d  1st period 2nd period 

A .  Pharmacokinetic Parameters: 

8.68 (1.76) 

240.50 (49.18) 186.89 (20.49) 204.37 (36.97) 

9.00 (1.60) 8.88 (1.24) 
12.7 (2.3) 6.4 (1.0) 8.8 (1.0) 

8 .  M o d e l  F i t t i n a  Parameters: 

C (8-24) (ng/ml t S E M I  
R S h  ( y / h r / m l  t SEM) 
K '  (hr t SEM) 
tf (hr t SEM) 
r 

8.39 (1.73) 6.63 (1.02) 5.98 (0.49) 
1.786 (0.333) 3.072 (0.928) 2.311 ( 0 . 3 6 0 )  
0.231 (0.044) 0.454 (0.093) 0 .402  (0.092) 
3.8 (1.0) 1.8 (0.5) 2.0 (0.3) 
0.942 0.900 0.905 

C. Oailv Nicot ine  Dose Delivered: 

Do (ngldaylpatch f SD) 8.62 (1.43) 10.36 (1.24) 9.9s (1 .20 

D. Parsmters  V o r m l i z e d  bv D a i l y  Nicotine Dose: 

10 (day*patch/ml a l os6  t 1.069 (0.233) 0.856 (0.087) 0.902 (0.158) 
+ t d 4 ) / 0  (day*patch/ml x 10 !6SEM) 1.001 (0.250) 0.708 (0.086) 0.669 (0.110) 
A & ( b 2 4 ) / D :  (day*patch-hr/ml 10 f SEN) 28.69 (7.12) 18.37 (1.81) 21.62 ( 5 . 6 4 )  
Ri/V/OO (day-patchlhrlml a 10.' t S E W  0.202 (0.029) 0.317 (0.078) 0.239 (0.010) 

E .  I n  Vivo Del ivery  Rate vs Svstemic l rcut  Rate: 

0 /Area/hr (r@jcm*/hr t SEM) 35.93 (1.79) 43.16 (5.16) 41.46 (5.05) 
Ry/Area (pg/cm /hr f SEM) 24.68 (4.89) 44.13 (11.49) 37.05 (10.35) 

F.  S t a t i s t i c  a n e l w i p  
t P  t P  t P  t P t P t D  

R i / V  'e css t m x  AUC(0.24) cmax 

1st vs 2nd per iod 0.054 0.958 1.556 0.154 0.8% 0.394 -1.525 0.166 -2.422 0.042. 0.763 0.467 
1st vs 3 r d  p r i o d  0.036 0.895 1.404 0.194 0.568 0.584 -1.043 0.328 -1.869 0.OW 1.099 0.304 
2nd vs 3 r d  per iod 0.098 0.925 -0.283 0.785 -0.352 0.734 0.764 0.474 0.396 0.706 0.578 0.584 

00 Cma/OO AUC(0.24)/O0 Ri/VIDo Do/Arealhr R i / A r m  

1st vs 2nd per iod -1.430 0.187 0.791 0.449 1.268 0.237 -1.596 0.149 -0.799 0.447 -1.776 0.136 
1st vs 3 r d  period -1.112 0.2% 0.566 0.585 0.841 0.422 -0.980 0.360 -0.792 0.451 -1.211 0.261 
2nd vs 3 r d  period 0.236 0.820 -0.254 0.806 -0.733 0.485 0.989 0.361 -0.212 0.839 0.458 0.663 

(continued) 

Sintong nicotine-TDS - The plasma concentration profiles of nicotine 

attained by the transdermal delivery of nicotine from Sintong nicotine-TDS 

following three separate periods of 24-hr treatment (with 5-6 subjects per 

period) are shown in Figure 5 .  All three sets of nicotine plasma data appear 

to be adequately described by the one-compartment open model used, since 

most of the experimental data points, except two data sets, correlate well with 

the theoretical line calculated from Equations (1) and (2). The results of 
pharmacokinetic treatment are outlined in Table 111-1. Statistical analysis, by 

student t-test, of all the pharmacokinetic parameters indicated that except the 

values of K,, there is no statistically-significant difference (p > 0.05) among 
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Table I l l .  (continuad) 

2. IBS nicot ine-TDI  

3rd  period 1st period 2nd per iod 

A .  Pharmacokineric Parameters: 

9.68 (1.81) 7.00 (0.65) 
10.0 (0.8) 11.3 (2.6) 8.3 ( 0 . 3 )  

141.12 (18.75) 253.37 (54.95) 160.53 (11.98) 

5.60 (1.04) 

8 .  Model F i t t i n Q  Parameters: 

c (b.24) ( n g l m l  f SEMI 
Rf fV (?p/hr/ml f SEM) 
K '  (hr f SEMI 
tE (hr t SEM) 
r 

4.87 (0.77) 7.58 (2.69) 5.77 (0.49) 
1.349 (0.212) 1.952 (0.470) 2.425 (0.342) 
0.282 ( 0 . 0 3 6 )  0.350 (0.128) 0.414 (0.032) 
2.6 (0.3) 4.0 (2.2) 
0.941 0.930 0.919 

1.7 (0.2) 

C. D a i l y  Nicot ine  Dose Delivered: 

Do ( W d a y l p t c h  f SO) 8.28 (0 .73 )  8.54 (1.00) 9.31 (0.67) 

D .  Parameterr Normalized by D a i l v  Y icot ine  Dosc: 

/O (day.patch/ml x f p 0.658 (0.074) 1.190 (0.248) 0.752 (0.047) 
:Yf8-44)/0 (day.ptch/ml X 10 ? SEMI 0.578 (0.046) 1.072 (0.441) 0.622 (0.039) 
~6&(0-24) /0~ (day*ptch-hr /ml -g  10 t S E M I  16.89 (0.97) 31.76 (8.19) 17.39 (1.04) 
R,/V/Dn (da&patch/hr/ml x 10 f SEM) 0.161 (0.017) 0.239 (0.019) 0.256 (0.024) 

E .  J n  Vivo Oel iverv  Rate vs Systemic l w t  Rate: 

D /Area/hr (rgjcm2/hr t SEM) 
R:/Area (pg/cm /hr ? SEM) 

34.50 ( 3 . 0 6 )  35.59 (4.16) 38.78 (2.81) 
18.68 (2.81) 31.79 (12.05) 37.30 (5.81) 

~~ 

I. S t a t i s t i c  s n a l v s i t  
t P  t P  ( P t P t P t P  

R i / V  'e css tYX AUC(D.24) 

1st vs 2nd per iod -1.703 0.127 -0.408 0.694 -1.628 0.142 -0.669 0.525 -0.272 0.793 -0.770 0.467 
1st vs 3rd per iod -1.217 0.258 2.169 0.062 -1.032 0.332 -2.341 0.047' -2.683 0.028' -1.042 0.328 
2nd vs 3rd per iod 1.404 0.191 1.160 0.273 1.635 0.133 -1.312 0.222 -0.967 0.359 0.529 0.609 

DO C,,/OO AUC(O-24)/Do Ri/V/OO Oo/Area/hr Ri/Area 

lac vs 2nd per iod -0.190 0.854 -1.690 0.130 -1.473 0.179 -1.151 0.287 0.217 0.834 -0.726 0.491 
1st vs 3rd per iod -1.004 0.346 -1.137 0.288 -0.479 0.645 .2.931 0.019. -1.004 0.345 -1.331 0.216 
2nd vs 3rd per iod -0.635 0.540 1.744 0.117 1.735 0.113 -1.185 0.266 -1.110 0.296 -0.833 0.424 

(continued) 

all the other pharmacokinetic parameters when one treatment period is 

compared to another (Table 111-1-F), with or without correcting the difference 

in daily nicotine dose delivered. 

The data in Table 111-1-E indicate that with the exception of the first 

treatment period, both systemic input rates in the second and third periods 

agree well with their correspondent in vivQ delivery rates of nicotine from 

Sintong nicotine-TDS (Table 111-1-E). The low correlation observed in the 

first period of treatment may be attributed to the difference in the volume of 

distribution between this group of subjects and that reported in the literature. 

However, statistical analysis, using student t-test, indicated that the difference 
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Table 111. (continued) 

3. nabitrol s m t q  

1st per iod 2nd Deriod 3 rd  ariod 

A. Pharmcokinet ic  Parameters: 

C ( n g / m l  t S E W  
tmx (hr t SEW) 
Amb-24)  (ng/ml*hr t SEW 

15.90 (2.05) 12.92 (1.78) 17.86 (4.22) 
9.3 (1.0) 9.2 (0.8) 14.8 (3.8) 

378.73 (51.56) 311.14 (31.59) 485.71 (121.74) 

8 .  Model F i t t i n g  Parameters: 

C (8-24) ( n g l m l  t SEW) 
R s h  (qplhr lml  t S E W  
K '  (h r  t SEM) 
tk (hr  t SEM) 
r 

13.67 (1.71) 10.89 (1.14) 16.62 (4.10) 
5.5M (1.263) 4.196 (0.652) 4.215 (1.381) 
0.401 (0.080) 0.379 (0.035) 0.297 (0.113) 
2.3 (0.6) 1.9 (0.2) 4.1 (1.6) 
0.910 0.928 0.961 

C. Da i l v  Nicot ine D a i l y  N i c o t i M  Dose: 

D, (mO/day/patch t S o )  18.17 (2.07) 13.92 (0.42) 12.71 (1.03) 

D. P a r M t e r s  Norrnblired by Dose Delivered: 

I D  (day*pstch/nl x t !$I) 0 . M  (0.067) 0.930 (0.124) 1.482 (0.428) 
:mt8-%)/D (day-patchlnl x 10 ? SEM) 0.775 (0.079) 0.784 (0.079) 1.388 (0.416) 
A & ? ( O - Z l ) / D ~  (day*patch-hr/ml.lj 10 f SEN) 21.64 (2.64) 22.29 (1.95) 40.78 (12.39) 
R,/V/D, (day*petch/hr/ml x 10 t S E W  0.288 (0.050) 0.300 (0.043) 0.317 (0.081) 

E .  In Vivo Oel iverv  Rate vs Svstmic Inwt Rate: 

D /Area/hr ( p p 2 / h r  f SEW 
RP/Area (pg/cm /hr  * SEW) 

37.84 (4.32) 29.00 (0.87) 26.48 (2.15) 
47.51 (10.79) 29.36 (4.78) 28.34 (9.00) 

F. S t a t i s t i c  analvsis 
t P  t P  f P f P t P t P  

1st vs 2nd per iod 1.060 0.317 0.101 0.921 0.985 0.351 0.892 0.396 0.200 0.846 1.287 0.230 
1st vs 3 r d  per iod -0.452 0.662 -1.509 0.166 -0.880 0.402 0.715 0.493 0.740 0.478 -0.710 0.496 
2nd vs 3 r d  per iod -1.078 0.313 -1.433 0.190 -1.379 0.205 -0.010 0.991 0.692 0.508 -1.345 0.215 

00 Cmx/Do AUC(O-24)ID0 Ri/V/DO Do/Area/hr Ri/Arca 

1st vs 2nd prlod 1.829 0.101 -0.340 0.742 -0.303 0.769 -0.229 0.824 1.829 0.100 1.431 0.186 
1st vs 3 r d  per iod 2.207 0.055 -1.520 0.163 -1.684 0.126 -0.323 0.754 2.207 0.055 1.328 0.217 
2nd vs 3 r d  per iod 1.087 0.309 -1.239 0.250 -1.469 0.180 -1.154 0.882 1.088 0.308 0.100 0.923 

Note 1: 

C 
t"": tim t o  reach the pal !  p lasm n i c o t i n  concentrat ion 
C'f steady-state p l a s m  concentrat ion observed during the plateau (steady s tate)  per iod (8 to 24 hours) 
A&O-24): area v d e r  the p l a s m  concentrat ion-t ime curves calculated by trapezoidal r u l e  from 0 to 24 h r  
Ri: n i co t i ne  inprt ra te  constant, V: volune of d i s t r i h r t i o n ,  the R i /V  r a t i o  uas obtained from rnodel fitting 
K : e l im ina t i on  r a t e  constant obtained fran m d e l  f i t t i w  
te: e l im ina t i on  h a l f - l i f e  (ca lcu lated f r a n  Ke) 
r! co r re la t i on  coe f f i c i en t  of f i t t i n g  
D : d a i l y  n i co t i ne  dose dej ivered fran each nicotine-TDS 
d e a :  s i z e  o f  patch (10 cm for  both Sintong and TBS nicotine-TDSs, 20 cm2 for  Habitrol '  system) 

* peak plasma n i co t i ne  concentrat ion 

note 2: 

a. S t a t i s t i c  analys is  uas per fo rmd  us ing student t - t e s t .  
b. t: t value of a t d e n t  t - t e s t  
c. p: p r o b a b i l i t y  value of student t - t e s t  
d. 7 presents a s ign i f i can t  d i f ference o f  student t - t e s t  (P < 0.05). 

in Do/Area/hr and Ri/Area values between any two of the treatment periods 

are not statistically significant (P > 0.05) (Table 111-1-F). 
The plasma profiles of cotinine, the major metabolite of nicotine, are 

also compared graphically in Figure 6. 
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Sintong nicotine-TDS 
A TBS nicotine-TDS 

Habitrol system 

.A 

l l l l l . l , l l . , , . . l . . , . . l . . , , l l l , l . , , , , ,  

0 12  2 4  36 4 8  60 72 8 4  96 108 120 132 144 

+------I 
period3 

-I ' period 2 

Time of Medication (hrs )  

-I ' Period 1 

FIGURE 6 
Comparative plasma profiles of cotinine, the major metabolite of nicotine, in 
human volunteers (n = 5-6 per period) during and after the transdermal 
delivery of nicotine from three nicotine-TDSs, each applied topically for 24 
hours, in three treatment periods. 

TBS nicotine-TDS - The plasma concentration profiles of nicotine 

attained by the transdermal delivery of nicotine from TBS nicotine-TDS 
following three separate periods of 24-hr treatment (with 5-6 subjects per 

period) are also shown in Figure 5. As observed for Sintong nicotine-TDS, 

all three sets of nicotine plasma data are adequately described by the one- 

compartment open model used, since most of the experimental data points, 

except one data set, correlate well with the theoretical line calculated from 

Equations (1) and (2). The results of pharmacokinetic treatment are outlined 
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in Table 111-2. Statistical analysis, by student t-test, of all the pharmacokinetic 

parameters indicated that except the values of K,, Ri/V and Ri/V/Do, which 

are significant difference (p c 0.05) between 1st and 3rd periods of treatment, 

there is no statistically-significant difference (p > 0.05) among all the other 

pharmacokinetic parameters when one treatment period is compared to 

another (Table III-2-F), with or without correcting the difference in daily 

nicotine dose delivered. 

The data in Table 111-2-E indicate that with the exception of the first 

treatment period, both systemic input rates in the second and third periods 

agree well with their correspondent in vivo delivery rate of nicotine from TBS 
nicotine-TDS. However, statistical analysis, using student t-test, indicated that 

the difference in Do/Area/hr and Ri/Area values between any two of the 

treatment periods are not statistically significant (P > 0.05) (Table 111-2-F). 

The results are similar to the observation for Sintong nicotine-TDS (Table 111- 

1-E). 

The plasma profiles of cotinine, the major metabolite of nicotine, are 

also compared graphically in Figure 6. 

Hubitrolm system - The plasma concentration profiles of nicotine 

attained by the transdermal delivery of nicotine from Habi t roP system 

following three separate periods of 24-hr treatment (with 5-6 subjects per 

period) are also shown in Figure 5. As observed for Sintong and TBS 

nicotine-TDSs, all three sets of the nicotine plasma data are adequately 

described by the one-compartment open model used, since most of the 

experimental data points correlate well with the theoretical line calculated 

from Equations (1) and (2). The results of pharmacokinetic treatment are 

outlined in Table 111-3. Statistical analysis, by student t-test, of all the 

pharmacokinetic parameters indicated that the differences in all the 

pharmacokinetic parameters between the treatment periods are statistically 

insignificant (p > 0.05) (Table 111-3-F). 

The data in Table 111-3-E indicate that with the exception of the first 

treatment period both systemic input rates in the second and third period 
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agree well with their correspondent in vivQ delivery rate of nicotine from 

Habitrolm system (Table 111-3-E). However, statistical analysis, using student 

t-test, indicated that the difference in Do/Area/hr and Ri/Area values 

between any two of the treatment periods are not statistically significant (P 
> 0.05) (Table 111-3-F). It is interesting to note that the results are similar 

to the observations for Sintong and TBS nicotine-TDSs (Tables 111-1-E and 
111-2-E). 

The plasma profiles of cotinine, the major metabolite of nicotine, are 

also compared graphically in Figure 6. 

$kin Initation Evaluah'org 
The most common skin irritation associated with the use of marketed 

nicotine-TDSs is a mild short-lived erythema, pruritus, or burning at the site 

of patch application. In this clinical investigation, the average reported ratings 

of local erythema and edema for Sintong and TBS nicotine-TDSs, using a 4- 

point scale [none = 0, mild = 1, moderate = 2 and severe = 31, were found 

to have a primary irritation index (PII) of 0.13. This PI1 score is lower than 

that (PI1 = 0.69) of Habitrolm system. 

CONCLUSION 
In summary, the transdermal pharmacokinetic profiles of nicotine 

delivered by three nicotine-TDSs evaluated were found to be adequately 

described by a one-compartment pharmacokinetic model with the transdermal 

continuous infusion of nicotine. Since the patch size of these nicotine-TDSs 

used in the clinical study were different (10 cm2 for both Sintong and TBS 

nicotine-TDSs, but 20 cm2 for Habitrolm system) and thus, a variation in the 

daily dosage of nicotine delivered was observed [9.58 (-+ 2.23) rng/day/lO cm2 

for Sintong nicotine-TDS, 8.76 (+ 1.88) mg/day/patch for TBS nicotine-TDS, 

and 15.13 (+ 4.05) mg/day/patch for Habi t roP system]; Therefore, some of 

the pharmacokinetic parameters obtained need to be corrected for the 

difference in patch size or daily dosage delivered. The results of statistical 
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analysis of these pharmacokinetic parameters suggested that Sintong nicotine- 

TDS and TBS nicotine-TDS are bioequivalent to one another, kinetically and 

pharmacokinetically; Furthermore,  both nicotine-TDSs a r e  
pharmacokinetically bioequivalent to Habitrolm system, an FDA- approved 

NDA product, even though they are different in system design and 

composition [ 12,131. 

The variation in the periods of treatment with the same nicotine-TDS 

has produced no statistically-significant effect on most of the pharmacokinetic 

parameters determined. 

The plasma concentration profiles of nicotine and its major metabolite, 

cotinine, attained by Sintong and TBS nicotine-TDSs are very similar, since 

they are pharmaceutically equivalent (They have the same patch size and 

identical system composition). This bioequivalence study has provided 

scientific evidence to demonstrate that the nicotine-TDS fabricated by 

Sintong, the technology licensee, is equivalent to that fabricated by TBS, the 

technology developer. 

The plasma profiles achieved and maintained by both Sintong and TBS 

nicotine-TDSs can be increased to a level equivalent to Habi t roP system by 

properly adjusting the patch size used from 10 cm2 to, for example, 20 cm2 as 

for HabitrolTM system. 
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