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Abstract. The influence of experimental temperature on the permeability of model diffusants across
porcine buccal mucosa was investigated in vitro. The permeability increased significantly as the
experimental temperature was increased in increments of approximately 7°C. It was observed that the
apparent permeability and temperature were related by an exponential relationship that conformed to
the Arrhenius equation. Diffusants with higher lipophilicities—buspirone and bupivacaine—had lower
activation energies for diffusion when compared to hydrophilic diffusants—antipyrine and caffeine. The
activation energy for diffusion of the model diffusants decreased linearly with increasing distribution
coefficients across porcine buccal mucosa. The results suggested that the buccal mucosa acts as a stronger
barrier to the diffusion of hydrophilic diffusants than the lipophilic ones. The log-linear relationship
between permeability and temperature indicates that temperature should be carefully controlled in
diffusion experiments. These results also point to the possibility of developing heat-generating buccal

delivery devices, especially for hydrophobic diffusants.
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INTRODUCTION

The peroral route is the most commonly employed route
for the administration of medications. Due to the limitations
associated with peroral route such as extensive first-pass
metabolism and hydrolysis of acid-labile drugs, the potential
use of other routes of drug administration, such as the buccal
route, is being investigated. Drug-containing dosage forms
like tablets, gels, solutions, and patches are placed in the
buccal pouch. If the drug has the appropriate physicochemical
properties, or advantageous modifications can be made to the
membrane permeability or to the local environment, absorp-
tion of the active drug into the blood circulation is expected
to occur. Drug delivery via the buccal mucosa possesses many
advantages over the other routes and is rapidly emerging as
an alternate route of delivery for certain drugs, such as those
that undergo extensive first-pass metabolism. The buccal
mucosa appears to be better in terms of permeability, surface
area, patient compliance, etc., when compared to the other
mucosal and transdermal routes of delivery (1). Frequent
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exposure to food materials and rapid cell turnover make the
buccal mucosa more resistant to tissue damage and irritation
compared to other mucosal routes of administration. Hence,
the buccal route of diffusant delivery is a logical alternative
delivery route for diffusants which undergo extensive degra-
dation in the stomach and the liver (2-7).

The assessment of the permeability of diffusants across
the buccal mucosa is usually conducted in vitro using porcine
buccal tissue and a diffusion assembly. Porcine buccal mucosa
is closest to that of human in terms of structure, composition,
and permeability than any other animal (8-10). It is widely
recognized that temperature must be controlled during in
vitro buccal permeation studies (11). However, individual
laboratories have used different controlled temperatures,
such as room temperature (25°C) (10,12-14), 30°C (1), 34°C
(15-20), or physiological temperature (37°C) (21-30). In the
literature, the use of ambient or room temperature (25°C) for
permeation studies has been justified by stating that diffusant
permeation is not significantly different at body and ambient
temperatures (14). It is also stated that since diffusant
permeation occurs by simple diffusion across the oral mucosa,
it is not affected by metabolic inhibitors (14).

Many investigators use Franz diffusion cells to carry out
buccal permeation studies. The receiver chambers of these
diffusion cells are typically maintained at 37°C while the
donor chamber is kept at ambient temperature, typically 22—
24°C (31-43). Such an experimental setup for in vitro
permeation studies across the buccal mucosa does not mimic
the in vivo condition. Both the donor and receiver chamber
must be maintained at a constant temperature of 37°C to

1530-9932/11/0200-0579/0 © 2011 American Association of Pharmaceutical Scientists



580

mimic the in vivo environment. Maintaining temperatures
other than 37°C could potentially lead to significant differ-
ences in permeability, making it impractical to compare
results from different studies and also difficult to correlate
in vitro and in vivo permeability data. Hence, the present
authors considered it important to investigate the effect of
experimental temperature on diffusant permeability.

One may, in general, anticipate an increase in diffusant
permeability with an increase in experimental temperature,
but the nature of the kinetic relationship is hard to predict.
For example, does permeability increases linearly or expo-
nentially with temperature? The mechanism whereby perme-
ability increases with temperature is also unclear, i.e., does
permeability increase due to a change in the barrier structure
(for example subtle changes in the chemical nature, but not
the physical integrity, of the barrier) or to an overt change in
the physical integrity of the buccal mucosa?

Apart from the effect of temperature on the results of
experimental permeation studies, there is also the potential
for heat-enhanced drug delivery via the buccal route; using
suitable temperature modulated drug delivery devices. Over
the past few years, attention has been focused on overcoming
the problems associated with buccal drug delivery. One of the
prime limitations facing buccal delivery is poor absorption
when compared to the sublingual route of drug delivery. The
success of a buccal drug delivery system depends on the
ability of the drug to permeate the mucosal barrier at a
concentration high enough to achieve its desired therapeutic
effect. The buccal mucosa acts as a barrier to the permeation
of exogenous material across the tissue. Transport across the
buccal epithelium is via passive diffusion; active transport is
rare, vitamin B, being a notable exception. Various
approaches including chemically assisted methods (e.g.,
penetration enhancers and supersaturated systems) or physi-
cally assisted techniques (e.g., ultrasound, iontophoresis, and
microneedles) have been studied to overcome the barrier
properties and to increase the rate and extent of diffusant
absorption across the buccal mucosa.

Chemical penetration enhancers are being extensively
studied to improve the delivery of diffusants across the
buccal mucosa. However, the major limitation of these
efficient permeation enhancers is the toxicity associated
with their use. Hence, alternative methods of enhancing
permeation, which are safe as well as effective, need to be
investigated. One possible means to achieve this enhance-
ment is to apply heat locally to increase the temperature in
the buccal region.

The enhancing effect of heat on transdermal and trans-
vaginal absorption has been well documented (44-52), but its
effect on the buccal mucosa has not been fully explored.
Some investigators have shown an approximate doubling of
transdermal flux with each 6-8°C increase in temperature
from 10°C to 60°C (46,53). Another investigation studied the
effect of increase in temperature on the permeability of
selected B-agonist across primary hamster cheek pouch
cultures (54). A similar effect on diffusant transport across
the buccal mucosa has not been investigated, so in this study,
tranbuccal permeability of model diffusants were also studied
at 7°C increase. If the permeability of a diffusant across the
buccal mucosa is significantly enhanced with a relatively small
increase in temperature, the principle of permeation enhance-
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ment with elevated temperature can be used to develop
practical buccal drug delivery systems. Permeation enhance-
ment with heat may be safer than the use of hazardous and
toxic penetration enhancers.

Before it can be used as a means of permeation
enhancement, however, studies should be performed to
characterize the effects of temperature on both the penetrant
and the tissues to which it is applied. For example, while it
may be acceptable to use higher temperatures (>45°C) in the
in vitro studies, the prolonged use of such temperatures in
drug delivery devices may cause patient discomfort. It has
been shown in the case of certain transdermal formulations
that burns (scalds) have occurred when subjects were exposed
to temperatures in excess of 60°C for a short period (55).

The main objective of this work was to evaluate the
influence of temperature on porcine buccal mucosal perme-
ation of model diffusants of differing lipophilicities. The
studied diffusants, with their log D (distribution coefficient)
values at pH 6.8, are: buspirone (2.8), bupivacaine (2.5),
antipyrine (0.39), and caffeine (-0.07). Such studies may
provide a basis for designing buccal drug delivery systems
that utilize transient temperature increases as the mechanism
of permeation enhancement.

Theory

It is most likely that the effect of temperature on
permeation across the buccal mucosa follows a relationship
similar to the Arrhenius equation as given below (56):

ka
Dy =Dy x erT (1)
where

D the diffusion coefficient at a certain temperature (square
centimeters per second)

D, the theoretical maximum diffusion coefficient at infinite
temperature (kelvin) (arbitrary value, preexponential
factor)

Ea activation energy of diffusion (joules per mole)

R the universal gas constant (83144 joules per mole kelvin)

T the temperature of interest (kelvin)

The activation energy can be defined as the energy used
to counter the cohesive forces of the membrane in order to
facilitate the diffusion process.

In this case, the permeability of a diffusant may be
expressed as follows:

_DTXK

Popp = A (2)

where

P, apparent permeability of the diffusant at the
temperature of interest

K  partition coefficient of the diffusant

h thickness of the membrane
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Combining Eqgs. 1 and 2, we get

Do x e® x K
o X €RT X
Papp = ————— (3)

Assuming that the partition coefficient and the thickness
of the membrane remain constant over the range of temper-
ature studied, the following relationship can be derived from
Eq. 3:

Pypp x €T (4)

This suggests that the apparent permeability of the
diffusant increases exponentially with temperature. A plot
of log of apparent permeability versus absolute temperature
will yield a linear relationship. The energy necessary for the
permeant to break the restraining bonds and to diffuse,
similar to energy of activation (E,), can be determined from
the slope of this plot. The activation energy provides a
measure of the resistance of the buccal mucosa to diffusion of
the permeant. In general, the value of the activation energy is
a function of both the diffusing permeant and the diffusion
pathway (57).

The enhancement in permeability with increase in
temperature is given by a ratio known as the enhancement
factor (EF). It is calculated using the equation:

_ Permeability at an elevated temperature
~ Permeability at lower preceding temperature

)

MATERIALS AND METHODS
Materials

Buspirone, bupivacaine, antipyrine, and caffeine were
obtained from Sigma-Aldrich (St. Louis, MO, USA). Aceto-
nitrile and methanol were obtained from VWR and were
HPLC grade (West Chester, PA, USA).

Tissue Preparation

Buccal mucosa was obtained from freshly sacrificed pigs
at a local ranch (Long Ranch Inc., Manteca, CA, USA). The
mucosa was transported to the laboratory in an isotonic
phosphate buffer (pH 7.4) and used within 2 h of animal
sacrifice. The majority of the underlying connective tissue was
removed with the help of a scalpel blade and then the
remaining buccal mucosa was carefully trimmed with surgical
scissors to a proximately uniform thickness of about 500 pm.
The use of a dermatome for slicing the tissue was avoided
since the process requires prior freezing of the tissue.
Freezing may compromise the barrier properties of the
epithelium as well as the connective tissue region of the
buccal mucosa. The thickness of the tissue was measured with
the help of a digital screw gauge and recorded. This
preparation procedure helped to minimize thickness varia-
tions between tissue specimens (58).
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Permeation Studies

In vitro permeation studies were conducted using hori-
zontal, water-jacketed, side-by-side diffusion cells (Perme-
Gear, Inc., Riegelsville, PA). The side-by-side diffusion cells
had a cross-sectional area of 0.68 cm”. The buccal mucosa was
mounted between the donor and receiver chambers for
permeation studies, where the epithelium faced the donor
chamber and the other (inner) side of the mucosal membrane
faced the receiver chamber. The permeation studies were
conducted while temperature control was maintained by
water jackets surrounding both the chambers. Five different
temperatures, viz., 23°C, 30°C, 37°C, 45°C, and 52°C, were
employed in individual permeation experiments. The in vitro
conditions may not mimic the in vivo conditions in the
experiments involving temperatures other than 37°C, as the
receiver compartment is still at 37°C, resulting in temperature
gradient. The tissues were allowed to equilibrate with buffer
for 15 min before commencement of each permeability
experiment. The permeability experiments were carried out
using phosphate-buffered saline (PBS) with pH 7.4 in the
receiver chamber and known concentrations of diffusant
solutions at pH 6.8 in the donor chamber to mimic the in
vivo physiological pH conditions (22,58). The receiver
chamber was filled with 3.5 mL of PBS while 3.5 mL of the
diffusant solution was charged into the donor chamber. The
receiver and the donor chambers were stirred with Teflon®
coated magnetic stirring bars to minimize the unstirred water
layers in the vicinity of the mucosal barrier. Permeation
studies were carried out for up to 4 h, and 1-mL samples were
withdrawn from the receiver chamber every 30 min.
Bupivacaine shows a high lag time of 4 h, and in order to
achieve a steady-state flux, its permeation was determined
over 8 h. At each sampling point, 1 mL of PBS that was
prewarmed to the respective experimental temperature was
added to the receiver chamber to compensate for the volume
of solution removed. This ensured sink conditions in the
receiver chamber solution at all times. All the experiments
were conducted in triplicate.

Quantification of Model Diffusants

Using PBS at pH 6.8, solutions of the model diffusants
were prepared at known concentrations (antipyrine, 50 mg/
mL; buspirone, 0.5 mg/mL; bupivacaine, 1 mg/mL; and
caffeine, 20 mg/mL). The solutions were used as donor
solutions for the respective experiments. Concentrations of
the model diffusants in the permeation samples were
quantified using high performance liquid chromatography
(HPLC). For each experiment, the cumulative amount
permeated (micrograms) was plotted against time (hours).
The steady-state flux (micrograms per hour per square
centimeter) of each model diffusant across the buccal mucosa
was calculated from the slope of the linear portion of the plot.
The apparent permeability, P,p, (centimeters per second),
was calculated from the permeation studies using the follow-
ing equation:

Jss

Pae = 3500 < ©
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Table I. HPLC Conditions for the Diffusant Molecules

HPLC conditions Buspirone

Bupivacaine

Antipyrine Caffeine

Mobile phase Phosphate buffer and
acetonitrile (60:40)
Flow rate (mL/min) 1 1

UV detection (nm) 238 220

Phosphate buffer, acetonitrile,
and methanol (50:25:25)

Phosphate buffer Phosphate buffer and

and acetonitrile (70:30) methanol (60:40)
1 1
254 273

where Jgg is the steady-state flux (micrograms per hour per
square centimeter) of diffusant across buccal mucosa and C is
the initial donor concentration of the diffusant (Table I).
The HPLC consisted of a Waters 510 pump, a Waters 717
plus autosampler (Milford, MA, USA), a Shimadzu SPD-10A
UV-vis detector (Kyoto, Japan), and an EZ chromatography
software. A reverse phase C18-column of 250 mm in length
and 5 pm in internal diameter (Waters, Milford) was used to
elute the diffusants. The HPLC conditions were developed
and optimized for quantitative analysis of each individual
diffusant as shown in Table II (3). The assay range for the
four diffusants was established on the basis of relationship
between the peak areas and the diffusant concentrations. The
assay range bracketed the concentration of all permeation
samples. Excellent correlation was seen (R*=0.99) between
the peak area and drug concentrations in the four diffusants.

Data Analysis

The transbuccal permeability data were presented as a
mean or mean and standard deviation (1) for each diffusant
(n=3 replicates per temperature condition) and the corre-
sponding temperature. For statistical analysis, the software
Excel 2002® (Microsoft Co., Redmond, WA) was used.
Statistical differences of permeability values for different
experimental temperatures were determined using the anal-
ysis of variance (one-way ANOVA). p<0.05 was considered
as the level of significance.

RESULTS

Effect of Temperature on the Permeation of Model
Diffusants

The permeability of the model diffusants increased
significantly with each incremental rise in the experimental
temperature of approximately 7°C. The mean permeability
values of three replicate tissue samples are presented with
their standard deviation values (mean + SD) and are shown
in Table III.

The permeation of all diffusants was found to
increase by a factor of about 1.4 to 2.4 times for each
incremental rise in experimental temperature of approx-
imately 7°C (Table IV). An exponential relationship was
observed between the experimental temperature and the
permeability of each of the four model diffusants as
shown in Fig. 1.

This relationship is more evident in Fig. 2, where the
natural log of permeability was plotted as a function of the
inverse of absolute temperature (kelvin). This yielded a
linear relationship as defined in Eq. 3, and the activation
energy of diffusion was calculated from the slope of these
plots using Eq. 4. The data show that the lipophilic
diffusants required lower energies for diffusion when
compared to the relatively more hydrophilic diffusants
(Fig. 3).

DISCUSSION

The influence of temperature on the permeability of
diffusants was investigated in this study. The permeation
experiments were conducted at five different temperatures
individually ranging from 23°C to 52°C. The use of high
temperatures, such as 45°C and 52°C, may raise concerns
about lipid transitions. However, it should be noted that at
these temperatures, lipid transitions occur only in the stratum
corneum (59). The literature suggests that irreversible effects,
in the buccal mucosa, only occur above 68°C (60). Hence, the
temperature range used in the present study can be consid-
ered appropriate and safe.

Four model diffusants, namely, buspirone, bupivacaine,
antipyrine, and caffeine, were chosen for in vitro transbuccal
permeability studies based on the varying range of lip-
ophilicities as well as other physicochemical properties
(Table I). Buspirone has a low aqueous solubility and is a
highly lipophilic diffusant (21,61,62). Bupivacaine is a mod-
erately lipophilic diffusant with a log D value of 2.48 at a pH
of 6.8 (63,64). These lipophilic diffusants preferentially trans-
verse across the lipophilic cell membrane, and the route is
called the transcellular route (trans—across). This route has a
greater surface area, and the path length for transcellular

Table II. Permeability of Model Diffusants at Different Experimental Temperatures

Temperature (°C)

Bupivacaine (n=3)

Buspirone (n=3)

Antipyrine (n=3)

Caffeine (n=3)

23
30
37
45
52

(4.81+0.04)x107%*
(7.22+1.56)x10 "%+
(1.59+£0.35)x 107>+
(2.33£0.35)x 1075
(4.04+£0.49)x 107>

(6.43+0.77)x 10 %*
(1.00£0.12)x 1075+
(1.74£0.04)x 107
(3.18+0.17)x107*
(4.44£0.03)x 1075+

(7.20£1.15)x 10 7*
(1.24+0.30)x 10
(2.12£0.01)x 10
(5.06+0.64)x10%*
(1.12£0.08) x 10>+

(1.73£0.47)x10 %+
(3.35+0.16)x10%*
(8.14£0.73)x10 %+
(1.58+0.09)x 10>+
(2.36+0.44)x 10>+

#p<0.05
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Table III. Enhancement Factor of Model Diffusants

Temperature higher/lower (°C) EF bupivacaine

EF buspirone EF antipyrine EF caffeine

30/23 1.5
37/30 22
45/37 1.47
52/45 1.73

1.56 1.72 1.94
1.74 1.71 242
1.83 2.39 1.94
14 22 1.49

route is relatively short; hence, the lipophilic diffusants
traversing through this route show a high permeability with
little or no lag time (65). Antipyrine and caffeine are
moderately hydrophilic diffusants (44,66-69). Caffeine is used
as a model hydrophilic marker in buccal permeation experi-
ments (68). These hydrophilic diffusants transport across the
buccal mucosa preferentially via the hydrophilic intercellular
space and is called the paracellular (para—in between) route.
It is difficult for a hydrophilic diffusant to penetrate into the
lipophilic cell membrane, and hence, the intercellular space is
the preferred route for such diffusants. The main limitations
of paracellular pathways are limited surface area and tortuous
pathways. Hence, the permeability of such diffusants is
relatively low with presence of a lag time (65).

As shown in Table IV, with every rise in temperature of
approximately 7°C, there was a significant increase (1.4-2.4
times) in the permeability of the four model diffusants,
irrespective of their lipophilicities. This clearly shows that
temperature has a significant effect on the permeability of
a diffusant. In the case of buspirone and antipyrine,
maximum enhancement was observed when the temper-
ature was increased from 37°C to 45°C, whereas in the
case of bupivacaine and caffeine, maximum enhancement
occurred when the temperature was increased from 30°C
to 37°C. It may be possible to exploit heat-aided
enhancement in drug permeation for the commercial
development of buccal delivery products. Zarr Pharma
has utilized this approach and developed a “Controlled
Heat-Assisted Diffusant Delivery System” (CHADDT™)
for transdermal delivery., CHADD™ is a transdermal
patch which enhances the delivery of diffusants by raising
the temperature of the skin via an oxidation reaction
generated by a proprietary chemical mixture contained in
the patch (70).

As shown in Fig. 2, an exponential relationship exists
between the permeability of a diffusant and the inverse of
the experimental temperature. This relationship is
described by Eqgs. 1-4 and is of the Arrhenius type. As
shown in Fig. 2, the plot of natural log of permeability
versus the inverse of temperature shows greater slopes for

the lipophilic diffusants—buspirone and bupivacaine—than
for the relatively hydrophilic diffusants—antipyrine and
caffeine. Hence, these studies show that elevated temper-
ature affects the permeation of lipophilic as well as
hydrophilic diffusants. Such temperature dependence of
permeation across porcine buccal mucosa has not been
reported before. Due to the complex nature of the buccal
mucosa, it is difficult to discern the mechanism(s) or
pathways responsible for this temperature effect. However,
the activation energies of diffusion for these four diffusants
were calculated. As shown in Fig. 3, a strong linear
correlation was observed between the diffusant’s lipophi-
licity and its activation energy. Diffusants with higher
lipophilicities, such as buspirone and bupivacaine, had
lower activation energies of diffusion when compared to
hydrophilic diffusants, such as antipyrine and caffeine.
The permeability barrier of porcine buccal mucosa is
attributed to the presence of various lipids in the bilayered
cell membrane or in membrane-coating granules. These
lipids may undergo gel to liquid-crystalline transition, as
was reported to occur in the skin’s stratum corneum (58).
In another reported study, no irreversible effects were
found to occur in the lipid structure and function of canine
buccal mucosa in the temperature range studied (59). In
the present study, the plots of cumulative amount released
versus time revealed that steady-state flux was obtained
even at a temperature of 52°C for all four diffusants. A
representative figure of cumulative amount permeated
versus time profile for antipyrine at all temperatures is
shown (Fig. 4). This observation suggests that no apparent
damage to the permeability barrier occurred. The plot of
log of apparent permeability versus 1/T was found to be
linear in the temperature range employed, suggesting the
absence of any structural alteration or phase transition
within the buccal mucosa. Since irreversible lipid transi-
tions in buccal mucosa have been reported to only occur at
temperatures >68°C (58), it is proposed that the increase
in apparent permeability, observed between 23°C and 52°C
in this study, was primarily due to increases in the diffusion
coefficients of the diffusants in the vehicle. The apparent

Table IV. Physicochemical Properties of Model Compounds

Physical properties Buspirone (15, 55)

Bupivacaine (56, 57)

Antipyrine (51, 58) Caffeine (38, 59)

Molecular weight 385.5 288 188.23 194.19
Aqueous solubility 0.5 mg/mL 1.16 mg/mL 1,100 mg/mL 21 mg/mL
pKa 4.12,7.32 8.1 1.45 10.4

log P 2.78 3.70 0.39 -0.07

log D 2.80 2.48 0.39 —-0.07
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Fig. 1. Effect of experimental temperature on the permeability of
model compounds

permeability values also show that exposing the mucosal
surface to high temperatures (52°C in this study) does not
completely compromise its barrier properties since diffu-
sion remained the rate-limiting process. At lower temper-
atures, the lipids are more solid and less liquid, thus
hindering the permeation of diffusants across the buccal
mucosa. It is recognized that these results do not rule out
the possibility that a reversible increase in the fluidity of
the mucosal lipids occurred at the highest temperatures
studied, namely, 45°C and 52°C. Additionally, the fact that
the temperature effect is consistent over the range of
temperatures studied (i.e., the activation energy is essen-
tially the same) is good evidence that temperature pro-
duced no significant mucosal damage.

The slope of the plot, which is proportional to the
activation energy (EA), gives an indication of the energy
necessary for the diffusant to break restraining bonds and
diffuse, i.e., it provides a measure of the resistance of the
penetrant to diffusion across the epidermis. In general, the
value of the activation energy is a function of both the
diffusing diffusant and the diffusion pathway (56). Due to
the lipophilic nature of the buccal mucosa, the relatively
hydrophilic diffusants, such as antipyrine and caffeine,
encounter greater energy barriers and therefore have
higher activation energies (approximately 75 kJ/mol) com-
pared to the more lipophilic diffusants such as buspirone
and bupivacaine (approximately 55 kJ/mol). The lower
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Bupivacaine
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Fig. 2. Plot of In P(app) versus 1/T
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Fig. 3. Relationship between lipophilicity and activation energy

activation energies of lipophilic diffusants suggest that
these diffusants permeate easily and fairly rapidly across
the bilayered lipid pathways. The magnitude of the
activation energy, therefore, takes into account the distri-
bution coefficients of the diffusants.

It is surprising, however, that caffeine was found to
have slightly smaller activation energy than antipyrine. This
result suggests that caffeine, even though is a stronger
hydrophilic diffusant, permeated the buccal mucosa more
readily than antipyrine. The lower activation energy of
caffeine correlated well with the actual values of perme-
ability. The permeability of caffeine, in some studies,
suggests that it may traverse the membrane via the lipoidal
pathway (71). This observation may help to explain the
anomaly observed in the present work.

The observations from these experiments will help to
explain the mechanisms by which elevated temperature
increases in vitro transbuccal permeation. It will also help in
predicting the extent of increased permeation of model
diffusants at elevated temperatures. This knowledge may be
utilized and exploited in the development of buccal drug
delivery systems based on a local increase in the temperature.

CONCLUSION

The permeability of model diffusants increased expo-
nentially with temperature. Diffusants with higher lip-
ophilicities such as buspirone and bupivacaine had lower

8000

6000 -

4000 -

2000 -

Cumulative amount permeated (ug)

Time (hours)

Fig. 4. Cumulative amount permeated versus time profile for
antipyrine at different temperatures
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activation energies of diffusion when compared to hydro-
philic diffusants such as antipyrine and caffeine. The
activation energy of diffusion of the model diffusants
decreased linearly with increasing distribution coefficients
across porcine buccal mucosa. The exponential nature of the
relationship between permeability and temperature dictates that
in vitro experiments utilizing buccal membranes should be
carefully controlled for temperature to minimize variability in
the results. Temperature should be standardized to allow
meaningful comparisons between laboratories. These results
also suggest that temperature may usefully be employed in drug
delivery devices as a means to enhance the absorption of drugs
across the buccal mucosa.
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