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In vivo human buccal permeability of nicotine
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Abstract

The aim was to examine the in vivo buccal pH-dependent permeability of nicotine in humans and furthermore compare the in vivo permeability
of nicotine to previous in vitro permeability data. The buccal permeability of nicotine was examined in a three-way cross-over study in eight healthy
non-smokers using a buccal perfusion cell. The disappearance of nicotine from perfusion solutions with pH 6.0, 7.4, and 8.1 was studied for 3 h.
The apparent permeability of nicotine (Papp) was determined at each pH value. Parotid saliva was collected in an attempt to assess systemic levels
of nicotine. The disappearance rate of nicotine increased significantly as the pH increased, which resulted inPapp values of 0.57± 0.55× 10−4,
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.10± 0.23× 10−4, and 3.96± 0.54× 10−4 cm s−1 (mean± S.D.) at pH 6.0, 7.4, and 8.1, respectively. A linear relationship (R2 = 0.993) was
btained between thePapp values and non-ionised nicotine, which indicates that the nicotine transfer occurred by means of passive
app values of 0.60× 10−4 and 6.18× 10−4 cm s−1 were obtained for the mono-protonated and non-ionised species of nicotine, respectiv
nalysis of the parotid saliva samples indicated that these samples might be useful in the assessment of systemic absorption of nicot
uccal in vitro models underestimated the in vivo human permeability of nicotine. However, the in vitro models were capable of pred
ffect of pH on the nicotine permeability.
2006 Elsevier B.V. All rights reserved.
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. Introduction

The buccal route is an attractive route of administration for
rugs since the drug can reach the systemic circulation with-
ut the risk of being degraded by gastrointestinal and hepatic
rst-pass metabolism (Rathbone and Hadgraft, 1991). The rate-

imiting step in the buccal drug absorption process is often
he permeability across the buccal epithelium. Therefore, per-
eability studies of various drugs have been performed using

uccal in vitro models (Nielsen and Rassing, 2000). However,
omparisons of in vitro and in vivo human buccal permeability
re sparse mainly due to the lack of human in vivo data.

Perfusion cells applied on the buccal mucosa allow for in vivo
tudies of buccal drug permeability. A drug solution is perfused
hrough the cell, and the drug permeability is calculated from
he amount of drug disappeared from the solution over a certain
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period of time. A major disadvantage of using this metho
that the disappearance of drug from the perfusion soluti
not necessarily equal to the drug appearance in the sys
circulation (Rathbone and Hadgraft, 1991). To verify whethe
the disappeared drug is absorbed to the systemic circulatio
drug absorption should be determined on the basis of bot
disappearance of drug from the perfusion solution as well a
appearance in the systemic circulation. In previous studies
human perfusion cells, the oromucosal absorption of diffe
drugs was estimated solely on the basis of the disappea
(Barsuhn et al., 1988; Rathbone, 1991a,b; Kurosaki et al., 1
1998).

A pilot study of in vivo human buccal permeability of nic
tine revealed the difficulty of determining the systemic leve
nicotine during a buccal perfusion study (unpublished data)
amount of drug absorbed during a perfusion study is usually
making it difficult to detect the drug in the systemic circulat
In the pilot study, approximately 5 mg nicotine disappeared
the perfusion solution during the 3 h of perfusion. However
concentration of nicotine in plasma was below the quantita
378-5173/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2005.12.039



C.L. Adrian et al. / International Journal of Pharmaceutics 311 (2006) 196–202 197

limit of 1 ng ml−1. The levels of nicotine in whole saliva have
been reported to be approximately 8 times higher than those
in plasma (Rose et al., 1993). This makes it possible to detect
small amounts of absorbed nicotine, which would otherwise be
undetectable. A disadvantage of collecting whole saliva during a
buccal perfusion study is that these samples could contain leaked
nicotine from the perfusion cell. To circumvent this uncertainty,
saliva samples can be collected directly from the parotid gland
with a modified Carlson–Crittenden cup (Bardow et al., 2000).
The opening of the duct of the parotid gland is placed in the buc-
cal mucosa above the upper teeth (Kidwell et al., 1998). In the
present study, parotid saliva samples were collected to examine
the utility of this sampling procedure to assess systemic levels
of nicotine during a buccal perfusion study.

Nicotine is a base with pKa values of 3.26 and 7.90 at 37◦C
(Nielsen and Rassing, 2002), and different fractions of ionised
and non-ionised nicotine are hence present at physiological pH
values. The buccal permeability of nicotine has been examined
in various in vitro studies and has shown to increase as pH and
the amount of non-ionised nicotine increases (Squier, 1986). The
comparability of the results from those in vitro studies with the
results from the present study will be examined.

Thus, the aim of the present study was to examine the in
vivo buccal pH-dependent permeability of nicotine in humans
using perfusion cells and, furthermore, to compare the in
v lity
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2.2.2. In vivo human buccal perfusion
The perfusion set-up was a modified version of a previously

described set-up (Barsuhn et al., 1988). The perfusion cell was
designed and created at the Danish University of Pharmaceutical
Sciences, Department of Pharmaceutics. The cell was made of
Teflon® with an internal volume of 1.0 ml and a perfusion area
of 2.0 cm2 (Fig. 1a). A mesh (squares: 0.42 mm× 0.42 mm) pre-
vented the cheek from being sucked into the cell. Silicone tubing
with an internal diameter of 1 mm was used to combine the cell
to the pump (Minipuls 3, Gilson, Villiers Le Bel, France) and
the perfusion solution.

The study was initiated by perfusing the cell with the buffer
to be examined, i.e. pH 6.0, 7.4 or 8.1. Initially, the subject kept
the cell in place onto the buccal mucosa with the fingers, and
as the perfusion elapsed, the natural suction pressure of the cir-
cuit caused the cell to be attached to the mucosa. Perfusion of
the nicotine solution was then initiated and continued for 3 h.
The perfusion solution (10.0 ml) was maintained at 37◦C and
recirculated at 10 ml min−1. Samples (50�l) were taken from
the recirculating perfusion solution at 0, 15, 30, 45, 60, 90, 120,
150, and 180 min. The samples were collected in polyethylene
tubes and stored at−20◦C until RP-HPLC analysis. The well-
being of the subjects was monitored during the study, and the
blood pressure and pulse were measured with an automatic dig-
ital blood pressure monitor (model UA-767, A&D Instruments
Ltd., Oxfordshire, United Kingdom) to verify if the absorbed
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. Materials and methods

.1. Materials

Nicotine (USP/Ph.Eur.) from Siegfried Ltd., Zofing
witzerland. The perfusion solutions contained potas
ihydrogen phosphate (Ph.Eur.), disodium hydrogen p
hate (Ph.Eur.), dipotassium hydrogen phosphate (Ph.Eur
odium chloride (Ph.Eur.) from Unikem A/S, Copenhag
enmark. The mobile phase for the RP-HPLC analysis
isted of acetonitrile, triethylamine and sodium dihydro
hosphate, all of analytical grade from Merck, Darmst
ermany.

.2. Methods

.2.1. Study design
The study was a three-way cross-over study including e

ealthy non-smokers (four female and four male) with an a
ge age of 25 years± 4 years (mean± S.D.). The buccal perm
bility of nicotine from perfusion solutions with pH 6.0, 7.4, a
.1 was examined using either the right or the left inner side o
heek. There was a minimum of 1 day between the experim
nd when the same cheek was used there was a wash-out
f 2 weeks between the experiments. The study protoco
pproved by The Regional Ethics Committee (KF 02-043
nd The Danish Medicines Agency (2612-961). Written c
ent was obtained from the subjects before initiating the st
-
d

t
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icotine affected the cardiovascular system. The buccal mu
as visually inspected before and after the study.
During the perfusion period, the saliva was collected dire

rom the parotid gland. The collection was performed w
modified Carlson–Crittenden cup made out of Plexig®

Fig. 1b). The cup was placed over the opening of the pa
uct on the cheek opposite to the perfusion cell. The cup was
ected to a vacuum pump (Heto Master Jet, Heto Holten Alle
enmark) by means of polyethylene tubing and held in plac
pplying suction to its outer compartment. The saliva was

ected from the inner compartment of the cup into a syringe
5 cm long polyethylene tube. The saliva was drawn into

yringe by gentle suction applied through the plunger and
ollected at three intervals: 0–1, 1–2, and 2–3 h. A samp
hole saliva was collected just before initiating the perfu
tudy. The saliva samples were collected in polyethylene
nd stored at−20◦C until the LC/MS/MS analysis.

The volume of the perfusion solution was monitored
ng the perfusion period to verify if any solution leaked fr
he perfusion cell. The nicotine content in samples of w
aliva taken during the perfusion period could not be use
erify if any nicotine solution leaked to the oral cavity. Nicot
as assumed to be present in whole saliva during the perf
eriod since nicotine could reach the oral cavity via the pa
aliva excreted from the “uncupped” parotic duct on the ch
ith the perfusion cell. Therefore, an additional check of

rom the perfusion cell during the study was whether the
n the mouth changed during the perfusion period. The tas
he examined nicotine solutions was extremely bitter and it
herefore expected that the subjects would immediately tast
eaked nicotine solution.
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Fig. 1. (a) The buccal perfusion cell. (b) The modified Carlson–Crittenden cup
used for collecting parotid saliva.

2.2.3. Perfusion solutions
The perfusion solutions consisted of 1.2 mg ml−1 nicotine in

0.1 M phosphate buffer at a pH of 6.0, 7.4, and 8.1. Where oth-
erwise not specified, the term “nicotine” in this case refers to the
total amount of nicotine, i.e. the sum of ionised and non-ionised
species. The tonicity of the perfusion solutions was adjusted with
sodium chloride to approximately 300 mosmol kg−1. The osmo-
larity of the solutions was measured with an Osmomat 030-D
(Gonotec GmbH, Berlin, Germany). The solutions were made
at the H:S Hospital Pharmacy, Copenhagen Hospital Corpora-
tion. Prior to this study, it was shown that no detectable amount
of nicotine adsorbed to the perfusion circuit materials or the
perfusion cell (data not shown).

2.2.4. Analysis of nicotine in the perfusion solutions
RP-HPLC UV-analysis of nicotine was performed with a

Merck Hitachi system (Merck, Darmstadt, Germany), as previ-
ously described (Nielsen and Rassing, 2002). Briefly, the mobile
phase consisted of 12% acetonitrile (v/v) in 0.01 M phosphate
buffer with 0.005 M triethylamine, the pH was adjusted to 6.7.
The flow rate was 1 ml min−1 and a wavelength of 261 nm was
used. The limit of quantification was 1× 10−4 mg ml−1, the
accuracy >99% and the repeatability expressed as the relative
standard deviation was 0.6% (n = 6). The applied concentration
range was 1× 10−1 to 1× 10−2 mg ml−1.
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.2.5. Analysis of nicotine in saliva
The quantitative analysis of nicotine in saliva was

ormed at the Institut f̈ur Klinische Pharmakologie Bobe
eim, Gr̈unstadt, Germany. The method was LC/MS/MS (tr
uadrupole mass spectrometry) with electrospray ionis
ESI) with a limit of quantification of 5 ng ml−1 nicotine.

.2.6. Data analysis
The buccal permeability of nicotine was determined on

asis of the remaining concentration of nicotine in the perfu
olution versus time. The data was fitted to first order kine

.e. the natural logarithm of the concentration of nicotine
lotted against time for each subject. The slope obtained

inear regression was the first order rate constantk expressed a
he mean± S.D.

The apparent permeability coefficient (Papp, cm s−1) was cal-
ulated using Eq.(1)

app = k

A/V
(1)

herek is the first order rate constant (s−1), A is the perfusion
rea (cm2), andV is the volume of the recirculating perfusi
olution (cm3).

Statistical differences between thek values were evaluate
y ANOVA and the Tukey–Kramer multiple comparison
nd considered significant atP < 0.05. The correlation coef
ient (R2) from linear regression was used to test the relation
etweenPapp and the amount of non-ionised nicotine. The p
entage of non-ionised nicotine at each pH value was calcu
y means of the Henderson–Hasselbach equation using pKa val-
es obtained at conditions similar to the ones in the present
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Fig. 2. Time course of percentage nicotine remaining in the perfusion solution
at pH 6.0, 7.4, and 8.1. Values are mean± S.D.

3. Results

The remaining nicotine in the perfusion solution versus time
is presented inFig. 2. An increase in pH of 1.4 and 2.1 units
caused an increase of approximately four and six times, respec-
tively, in the amount of disappeared nicotine during 180 min of
perfusion. The percentage of remaining nicotine at 180 min was
90.0± 9.2% at pH 6.0, 56.1± 4.2% at pH 7.4, and 32.5± 4.4%
at pH 8.1 (mean± S.D.). These values correspond to 1.2, 5.3,
and 7.5 mg disappeared nicotine. The amount of disappeared
nicotine from the three different perfusion solutions varied sig-
nificantly at all time points (P < 0.001).

During the study, no signs of any leak were observed. These
findings are consistent with the small standard deviations shown
in Fig. 2. The deviations ranged from 2.6 to 9.2%, being greatest
when pH 6.0 was examined. Of the 24 experiments, one experi-
ment was discarded because the perfusion cell fell off after one
hour of perfusion. The subjects did not feel any discomfort dur-
ing the study and no increase in their blood pressure and pulse
was measured during the study (data not shown). An impression
from the perfusion cell was observed on the buccal mucosa after
removal of the cell.

The first order rate constant,k, for the disappearance of nico-
tine was calculated for each pH value, (Table 1). At pH 6.0,

T
T d
p

p f

6
7
8

V ne at
t

Fig. 3. The apparent permeability (Papp,mean± S.D.) of nicotine as a function
of percentage non-ionised nicotine. The solid line represents the linear least
square regression line,R2 = 0.993.

the S.D. was in the same range as the meank value, whereas
the S.D. was 11 and 14% at pH 7.4 and 8.1, respectively. The
k values and hence thePapp values were significantly different
(P < 0.001).Table 1also lists the relative amount of non-ionised
nicotine calculated at each pH value. It is seen that the values
for k andPappincreased with increasing amounts of non-ionised
nicotine.Fig. 3 shows a plot of thePapp values versus the per-
centage of non-ionised nicotine, indicating a linear relationship
(R2 = 0.993).

Collecting parotid saliva was only a successful procedure for
three to four subjects in each of the experiments with the same
pH in the perfusion solution. The concentration of nicotine in
saliva increased as the pH increased (Table 2). At pH 8.1, the
nicotine concentrations in saliva were significantly higher than
the concentrations at pH 6.0 and 7.4, whereas the concentra-
tions at pH 7.4 and 6.0 were not significantly different. The
S.D. was of the same size as the mean of the nicotine con-
centration at almost all time points. On average, 0.5± 0.2 ml
parotid saliva was collected at each time interval which corre-
sponds to a parotid flow rate of approximately 0.01 ml min−1

per gland. Although the volumes of parotid saliva collected at
each time point varied from 0.3 to 1.3 ml, the calculated amounts
of nicotine in the parotid saliva samples showed the same rela-
tive changes over time as the nicotine concentrations (data not
shown).

T
T g the
p

T

0
0
1
2

T es are
m

able 1
he rate constant (k) and the apparent permeability (Papp) obtained at the teste
H values

H n k (s−1) Papp (cm s−1) Percentage o
non-ionised
nicotine

.0 8 1.14± 1.09× 10−5 0.57± 0.55× 10−4 1.2

.4 7 4.19± 0.47× 10−5 2.10± 0.23× 10−4 24.0

.1 8 7.92± 1.08× 10−5 3.96± 0.54× 10−4 61.3

alues are mean± S.D. The calculated percentages of non-ionised nicoti
he each pH value are also shown. “n” signifies the number of replicates.
able 2
he concentration of nicotine in whole and parotid saliva collected durin
erfusion studies

ime (h) Concentration of nicotine in saliva (ng ml−1)

Saliva pH 6.0 (n = 3) pH 7.4 (n = 3) pH 8.1 (n = 4)

Whole 31.75± 33.06 7.44± 8.60 n.a.a

–1 Parotid 17.44± 22.85 45.57± 54.62 5982.83± 6092.08
–2 Parotid 16.60± 2.21 80.54± 92.60 5662.02± 4898.60
–3 Parotid 14.94± 8.52 96.00± 80.35 2974.77± 1648.61

he saliva was collected at the time intervals 0–1, 1–2, and 2–3 h. Valu
ean± S.D.
a Below limit of quantitation.
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4. Discussion

The designed perfusion cell was applicable for studying
human buccal permeability of nicotine for 180 min. Disappear-
ance profiles with small intersubject variation were obtained, and
during the study, no leakage from the cell was observed. Apart
from one experiment, the cell adhered to the epithelium dur-
ing the entire perfusion period. Thus, the applied perfusion cell
performed in a similar manner as the ones previously described
(Rathbone, 1991a; Kurosaki et al., 1997).

The disappearance rate of nicotine from the perfusion solu-
tions could be described by first order kinetics. This indicates
that tissue accumulation of nicotine does not affect its systemic
absorption. Consequently, the permeability across the buccal
epithelium is considered to be the rate-limiting step in the
absorption process. The first order rate constant for the dis-
appearance increased significantly with increasing pH in the
perfusion solution; thus, the nicotine permeability was highly
influenced by the pH. An aqueous boundary layer is believed to
be present on the surface of the buccal membrane (Ho, 1993).
In the present study, it was assumed that the aqueous boundary
layer did not affect the apparent permeability of nicotine, since
nicotine has high water solubility.

Different fractions of ionised and non-ionised species of nico-
tine were present at the examined pH values since the nicotine
base has pKa values of 3.26 and 7.90 at 37◦C (Nielsen and
R d
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should be as high as possible since the higher the pH, the more
non-ionised nicotine will be available for systemic absorption.
Optimising the pH therefore allows for a reduction of the loaded
dose in the delivery system.

Nielsen and Rassing (2002)examined the permeability of
nicotine across two in vitro models of the human buccal epithe-
lium. Papp values of nicotine were obtained at pH 5.5, 7.4, and
8.1 using the TR146 cell culture model and a porcine diffusion
chamber model. ThePapp values from the in vitro studies were
notably lower than thePappvalues obtained in the present study.
On average, the TR146 model showed a tendency to underes-
timate thePapp values from the present study approximately
nine times whereas the in vitro porcine model underestimated
the presentPapp values on an average of 17,000 times. Thus,
the experiments with the TR146 model resulted inPapp values
closest to the values obtained in the present study. The relative
increase inPapp with increasing pH was the same for both in
vitro models and the present in vivo model, which indicates a
strong relationship between thePappvalues. Overall, the in vitro
models were able to predict the effect of pH on the nicotine
buccal permeability but not able to predict the actual in vivo
human buccal permeability of nicotine.Papp values of nicotine
and mono-protonated and non-ionised nicotine across in vitro
porcine buccal mucosa have previously been reported (Squier,
1986; Nair et al., 1997; Chen et al., 1999). ThePappvalues from
these studies also underestimated theP values obtained in the
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assing, 2002). The obtainedPapp values therefore reflecte
he permeability of both the ionised and non-ionised spe
f nicotine. The fraction of di-protonated nicotine at the te
H values was insignificant ranging from 0.001 to 0.2%. T

he Papp values only reflected the permeability of the mo
rotonated species and the non-ionised species. A plot oPapp
ersus percentage of non-ionised nicotine demonstrated a
elationship (Fig. 3). This linear relationship indicates that
ermeability of nicotine across the buccal mucosa occurre
eans of passive diffusion at the tested species concentra
his result is in accordance with previous findings.Rathbone
t al. (1996)have shown that the pH partition hypothesis
ick’s first law of diffusion is applicable to buccal perfus
tudies when the drug disappearance data can be descri
rst order kinetics. Furthermore,Chen et al. (1999)examined
icotine permeability in vitro using porcine buccal mucosa
lso concluded that the nicotine transfer occurred by mea
assive diffusion.

The intercept of the line inFig. 3corresponds toPappof mono-
rotonated nicotine. When the line is extrapolated to 100%Papp
f non-ionised nicotine is obtained. This results inPapp val-
es of 0.60× 10−4 cm s−1 for the mono-protonated species a
.18× 10−4 cm s−1 for the non-ionised species. The permea

ty of non-ionised nicotine was hence approximately 10 ti
igher than mono-protonated nicotine permeability. It has
reviously been reported that the non-ionised species of nic
ad the highest permeability compared to the ionised sp
Nair et al., 1997; Chen et al., 1999). This finding shows th
reat importance of controlling pH when formulating a bu
rug delivery system with an ionisable compound. In the ca
icotine, the pH in the delivery system or the oral environm
ar

y
s.

by

f

e
s

f

app
resent study.

As thePapp values from the present study were higher t
he reported in vitro values, it is possible that thePapp values
rom the present study overestimate the permeability of n
ine. It is possible that the buccal mucosa was “stressed”
he perfusion cell was sucked onto the mucosa, which cou
urn have resulted in an increased blood flow in the submu
he increased blood flow could then have initiated a more
epletion of a drug from the “stressed” mucosa as comp

o the normal buccal mucosa. Consequently, this could
esulted in a more rapid transport of drug across the “stre
ucosa.
In the present study, there were no signs of damage t

uccal mucosa caused by the perfusion cell or the perf
olution. It would have been expected that thePapp values had
een almost the same at the tested pH values if the m
as damaged. Consequently, a linear relationship betweePapp
nd the percentage of non-ionised nicotine would not have
btained. Furthermore, greater intersubject variations tha
nes obtained would have been expected if the mucosa was
ged. It could be speculated whether the human buccal e

ium is more permeable than in vitro porcine buccal mucosa
he TR146 cell culture model.Nielsen and Rassing (2000)did
ot find significantly different permeabilities of mannitol a

estosterone using in vitro porcine and in vitro human bu
ucosa, while the results ofVan Eyk and Van der Bijl (2004

howed that the human buccal mucosa was more permea
itro than porcine buccal mucosa to water, 17�-estradiol, areco

ine, and vasopressin.
To the authors’ knowledge, there are no previous repor

omparisons of data from in vivo human buccal permeab
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studies using perfusion cells and studies using various buccal in
vitro models. Therefore, more studies need to be performed to
verify the utility of the buccal perfusion cells to predict in vivo
human buccal drug permeability.

If the amount of disappeared nicotine was equal to the
absorbed amount, the subjects in the present study received a
high dose of nicotine (1.2, 5.3, and 7.5 mg). In comparison, the
nicotine intake is approximately 1 mg when smoking a cigarette
or chewing a piece of gum with 2 mg nicotine (Benowitz et al.,
1987). After administration of a subcutaneous nicotine dose of
1 mg, non-smokers have been reported to experience mild side
effects such as light-headedness and slight dizziness, probably
caused by an increased heart rate (Russell et al., 1990). In the
present study, the nicotine did not affect the subjects, probably
because the nicotine dose was administered gradually during
the 3 h of perfusion. Furthermore, the half-life of nicotine is 2 h
(Rosenberg et al., 1980); the nicotine concentration in plasma
was thus probably relatively constant.

The collection of parotid saliva with a modified Carlson–
Crittenden cup during a buccal perfusion study was possible
although not successful in all experiments. The analysis of
the parotid saliva samples showed that the concentration of
nicotine increased as pH and the amount of non-ionised nico-
tine increased. However, the increase of nicotine in saliva with
increasing pH was not of the same magnitude as the increase in
the disappearance of nicotine from the perfusion solution. How-
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The pH in unstimulated saliva is lower than pH in stimulated
saliva, which has a high flow rate (Dawes, 1969). The pH of
saliva can be as low as 5.5 and increase to over pH 7 at high flow
rates (Rathbone et al., 1994). The low flow rate of the parotid
saliva in the present study therefore indicates that pH in the
parotid saliva was low. This may have influenced the parotid
saliva concentration of nicotine since the entrapment of nicotine
in saliva is dependent on pH. More nicotine is entrapped in the
saliva when the pH is low because more nicotine is ionised at a
low pH. The non-ionised nicotine can easily return to the plasma
while the ionised nicotine will to a higher extent be entrapped in
the saliva (Kidwell et al., 1998). In the present study, a plausible
explanation for the high levels of nicotine in the parotid saliva
may therefore be that more nicotine was entrapped in this saliva
because pH in the parotid saliva was low.

The high concentration of nicotine in the parotid saliva indi-
cates that sampling of parotid saliva may be useful in buccal
perfusion studies in which only small amounts of the examined
compound are absorbed to the systemic circulation. However,
a correlation between the levels of the examined compound
in plasma and in parotid saliva has to be established to verify
whether the parotid samples may be used to assess the systemic
absorption.

5. Conclusion
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U itful
ver, the fact that the concentration of nicotine in the pa
aliva increased as the pH increased indicates that the
eared nicotine was absorbed to the systemic circulation.

In the unstimulated state, the two parotid saliva glands
ribute approximately 30% of the whole saliva, i.e. 15%
arotid gland (Sreebny, 1999). As mentioned previously, th

evels of nicotine in whole saliva are roughly 10 times hig
han those in plasma. Thus, to obtain a rough estimate o
lasma concentrations of nicotine during the perfusion pe

he parotid saliva concentrations can be multiplied by 0.15
ivided by 10, assuming that an equal amount of nicotine
ecreted from each parotid gland. At pH 8.1, this estima
esults in plasma concentrations of nicotine of 45–90 ng m−1

hile at pH 5.5 and 7.4, the estimated plasma concentra
re less than 2 ng ml−1. In comparison, the plasma concen

ion of nicotine during smoking is approximately 30 ng m−1

Benowitz et al., 1987). Since none of the subjects experien
ny discomfort during the study, it seems unlikely that the pla
oncentration of nicotine has been as high as 45–90 ng m−1.
he present results indicate that the concentration of nic

n parotid saliva is higher than in whole saliva. A study
icotine would consequently have to be performed to cla

f a correlation between the nicotine levels in plasma, w
aliva and parotid saliva exists and further to verify whe
arotid saliva levels can be used to assess systemic absorp
icotine.

The average flow rate of parotid saliva in the present study
ower than the reported flow rate of unstimulated parotid sa
he obtained flow rate was approximately 0.01 ml min−1 per
land while the flow rate of unstimulated parotid saliva has b
eported to be 0.04 ml min−1 per gland (Rathbone et al., 1994).
p-

-

e
,

s

of

s

In vivo human buccal permeability of nicotine can
btained using a buccal perfusion cell. The disappearan
icotine from the perfusion solution increased significantl

he pH was increased. This finding could be attributed to a h
mount of non-ionised species of nicotine at the higher
alues and the fact that the apparent permeability of the
onised species of nicotine was approximately 10 times hi
han that of the mono-protonated species. This result is in a
ance with previous in vitro studies of the relationship betw
uccal permeability and the ionised and non-ionised sp
f nicotine. A linear relationship between the apparent pe
bility of nicotine and the amount of non-ionised nicotine
btained, indicating that the nicotine transfer occurred by m
f passive diffusion. The analysis of the parotid saliva sam

ndicated that the parotid sampling procedure might be u
o assess systemic absorption of nicotine. The concentrat
icotine in the parotid saliva samples increased with increa
H, indicating that the disappeared nicotine from the perfu
olutions was absorbed to the systemic circulation. Pre
uccal in vitro models were capable of predicting the effect o
n the nicotine buccal permeability. However, the models un
stimated the in vivo human buccal permeability of nicotin
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