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Summary 

The rate and extent of drug loss from the human oral cavity can be measured using several different methods. These include the 
buccal absorption test (Beckett and Triggs, 1967), disc methods (Kaaber, 1974; Schurr and Ziegler, 1983: Pimlott and Addy, 1985) 
and perfusion cells (Barsuhn et al., 1988; Rathbone, 1990). These methods have provided information on the mechanisms by which 
drugs are transported across oral cavity membranes and suggest that passive diffusion (Beckett and Triggs, 1967: Beckett and 
Moffat, 1968, 1969a,b) or carrier-mediated transport systems (Manning and Evered, 1976; Sadoogh-Abasian and Evered, 1979; 
Evered et al., 1980; Evered and Mallett, 1983; Hunjan and Evered, 1985) may be involved. An appropriate kinetic model to 
describe the transfer of drugs across oral cavity membranes is problematic (Beckett et al., 1968: Becken and Moffat, 1970; Becken 
and Pickup, 1975; Dearden and Tomlinson, 1971a; Schurmann and Turner, 1978). This is most likely due to the inherent 
disadvantages associated with the techniques used. Mathematical models describing drug loss from the oral cavity during a buccal 
absorption test appear equally successful (Ho et al., 1971; Lien et al., 1971; Vora et al., 1972; Wagner and Sedman, 1973). This is 
despite marked contrast in the underlying assumptions. The object of this review is to evaluate critically the methods available for 
studying drug loss from the human oral cavity. In addition we review studies which aimed to elucidate the mechanism of drug 
transfer across human oral cavity mucosa. The review considers literature that has been published since 1967 and highlights areas 
that appear worthy of further investigations. 

Introduction 

The different  mucosa that  line the oral cavity 
offer advantages  as both sites of drug adminis t ra-  
t ion and as model  biological m e m b r a n e s  upon  
which to perform f u n d a m e n t a l  drug absorpt ion 
studies. Recent ly  there has been  much interest  
expressed in the use of oral cavity m e m b r a n e s  as 
sites of drug admin is t ra t ion  (Livingstone and Liv- 
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ingstone,  1989). Both the buccal and subl ingual  

sites have advantages  compared  with other  routes. 
These include rapid onset  of action, high blood 
levels, avoidance of first-pass effect and the drug 
is not  exposed to the fluids of the gastrointest inal  
tract (Moffat, 1971). Also, there is excellent ac- 
cessibility and the drug can be applied, localised 
and removed easily (Gar ren  and Repta,  1988; Gu  
et al., 1988). In addi t ion the buccal m e m b r a n e  is 
a potent ia l  p la t form for prolonged drug delivery 
(Gar ren  and Repta,  1988; Gu et al., 1988; Tucker,  
1988). The  rat ional  design of drug delivery sys- 
tems for use on oral cavity me mbr a ne s  requires 
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amongst other things information on, and an un- 
derstanding of, the incorporated drug's ability to 
permeate  the oral cavity membrane that it must 
cross to reach the systemic circulation. Such in- 
formation might also provide the investigator with 
an insight into those factors which influence, con- 
trol and govern the permeability of drugs across 
biological membranes.  The readily accessible, rel- 
atively large areas of fiat membranes  associated 
with the oral cavity make them ideal candidates 
upon which to perform these fundamental  inves- 
tigations. 

Oral Mucosa Structure 

The oral cavity may be divided into two re- 
gions, the outer oral vestibule, bounded by the 
lips and cheeks and the oral cavity itself, the 
borders being formed by the hard and soft palates, 
the floor of the mouth and the pillars of the 
fauces and tonsils (Squier et al., 1976a). The 
mucosa that line the oral cavity may be divided 
into three types classified according to their func- 
tion. These are (1) masticatory mucosa, which 
includes the mucosa around the teeth and on the 
hard palate, (2) lining mucosa which covers the 
lips, cheeks, fornix, alveolar process, base of the 
oral cavity, lower part  of the tongue and the soft 
palate and (3) specialised mucosa covering the 
dorsum of the tongue (Squier et al., 1976a). The 
oral mucosa in these regions can be structurally 
viewed as a laminate of layers, the epithelial 
layer, a highly cellular layer composed stratified 
squamous epithelium and the lamina propria, a 
relatively acellular connective tissue layer consist- 
ing of dense connective and fibrous tissue. These 
two layers are separated by a basement  mem- 
brane, a layer about 1-2 /xm in thickness which 
frequently appears  as an undulating boundary. In 
some parts of the oral cavity such as the cheek, 
lips and parts of the hard palate a further layer 
exists, the submucosa, whose structure is variable. 
This layer comprises a loose fatty or granular 
connective tissue and contains the major blood 
vessels and nerves that supply the mucosa and is 
present between the mucosa proper  and underly- 
ing muscle or bone. The outer layers of the oral 

mucosa epithelia form a protective surface which 
is mechanically tough and resistant to physical 
insult and penetration by foreign substances. The 
protective surface layers originate from cells in 
the basal region of the epithelium which divide 
and differentiate. The process of differentiation 
is not identical in the various regions of the oral 
mucosa and, as a consequence, two distinct types 
of surface layers are recognised and referred to 
as keratinised and non-keratinised. In keratinised 
tissue the outer layer comprises up to 20 rows of 
flattened, hexagonal shaped cells termed squamcs 
which are filled with a dense crystalline protein 
called keratin, arranged in interconnecting fibres 
through the cell. Keratinised tissue may be subdi- 
vided into ortho- and para-keratinised. In ortho- 
keratinised cells a predominant  granular layer is 
present which is not readily present in para- 
keratinised tissue cells. Non-keratinised tissue 
contains no keratinised squames (Squier et al., 
1976a). 

In the adult human, the mucosa lining the oral 
cavity covers an area of approximately 200 cm 2 
(Collins and Dawes, 1987). The thickness of hu- 
man oral mucosa varies according to its site. For 
example, epithelial thickness of buccal mucosa 
(non-keratinised) is approximately 500/xm (Meyer 
and Gerson, 1964; Landau and Schroeder, 1977), 
palatal epithelium 27(t/xm, which includes a ker- 
atin layer thickness of 32 /xm (Meyer and Ger- 
son, 1964), and gingival epithelium approximately 
250 # m  (Squier et al., 1976b). In general, non- 
keratinised tissue is considerably thicker than 
keratinised tissue, however, the floor of the mouth 
(non-keratinised) is very thin (approximately 1(1(I 
/,tm) (Squier et al., 1976b). 

Methods for Estimating Drug Loss from the Oral 
Cavity 

Buccal absorption test 

General methodology 
The buccal absorption test was introduced by 

Beckett and Triggs (1967). The test represents a 
simple, non-invasive method for estimating the 
rate and extent of drug loss from the oral cavity. 



The method involved swirling a buffered drug 
solution of known concentration around the 
mouth by movement of the cheeks and tongue 
some 60 times per minute. After a known period 
of time the solution was expelled and the subjects 
rinsed their mouth with an aliquot of either dis- 
tilled water or an appropriately buffered solution. 
The drug solution and rinse were then combined, 
adjusted to volume and analysed for drug con- 
tent. The difference between the amount of drug 
contained in the original buffered drug solution 
and the amount recovered was assumed to be the 
amount of drug lost into the oral cavity mucosa 
during the test interval. Drug loss was usually 
expressed as a percentage of the original amount 
entered. To provide information on the relative 
permeability properties of drugs under different 
conditions percentage loss during a fixed time 
period was measured (Beckett and Triggs, 1967; 
Beckett and Moffat, 1968, 1969a,b, 1971; Dear- 
den and Tomlinson, 1971b; Hicks, 1973; Schur- 
mann and Turner,  1977; Temple and Schesmer, 
1978; Chan, 1979). To provide kinetic information 
percentage loss for the same drug would be meas- 
ured at different time points (Beckett et al., 1%8, 
Beckett and Moffat, 1970; Sutherland et al., 1974; 
Beckett and Pickup, 1975; Kates, 1977; Tucker, 
1988). 

Drug solution colume 
There appears to be little variation between 

authors in the buffered drug solution volume 
used in a buccal absorption test. Authors em- 
ployed either a 20 ml (Temple and Schesmer, 
1978; Henry et al., 1980; McElnay and Temple, 
1982; Blackett et al., 1983; Randhawa et al., 1986; 
Randhawa and Turner,  1988) or 25 ml volume 
(Beckett and Triggs, 1967; Bickel and Weder, 
1969; Dearden and Tomlinson, 1971a; Odumosu 
and Wilson, 1971; Manning and Evered, 1976; 
Mathison and Morgan, 1976; Pickup et al., 1977; 
Chan, 1979; Edwards et al., 1981; Kaminsky et 
al., 1987). One author used a 10 ml volume (Kates, 
1977). There appears to be little rationale in 
choosing a buffered drug solution volume other 
than 20 or 25 ml since these volumes are not too 
large to cause subject discomfort, allow homoge- 
neous mixing of contents during a test and pro- 
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vide an adequate volume in which to dissolve the 
drug. 

Contact time 
Test duration periods vary in the literature 

dependent  on study conditions employed. In the 
case where investigators determined the kinetics 
of drug loss from the oral cavity, buffered drug 
solutions containing the same amount of drug 
remained in contact with the oral mucosa for 
different time periods before expulsion. A plot of 
percentage drug loss versus time provided infor- 
mation on the kinetics of drug loss. A characteris- 
tic profile was observed when contact time (test 
duration period) was varied during a buccal ab- 
sorption test. In general there was an initial fast 
disappearance of drug up to about 5 min, fol- 
lowed by a slower, progressive loss. In the second 
case investigators used a fixed test duration pe- 
riod to compare the absorptive properties of dif- 
ferent drugs, or the same drug subjected to dif- 
ferent conditions. In these studies the test dura- 
tion period was chosen to correspond to the end 
of the initial fast disappearance. Beckett and 
Triggs (1967) showed that the initial fast disap- 
pearance of some amphetamine compounds had 
occurred within 5 rain of swirling. From these 
observations Beckett and his co-workers, and the 
majority of other investigators used a 5 min con- 
tact time when relative studies were performed, 
without first performing preliminary studies to 
determine when the initial fast disappearance 
period had occurred for the particular drug or 
class of drugs used in their studies. Clearly this 
time period will be dependent  upon the physico- 
chemical properties of the drug and it is interest- 
ing to note that those authors who performed 
preliminary studies used contact times of 3 rain 
(Pickup et al., 1977), 4 rain (Arbab and Turner, 
1971; Kaminsky et al., 1987) and 6 rain (Chan, 
1979). Contact times of 15 rain have been re- 
ported (Taraszka, 1970; Henry et al., 1980; 
Tucker, 1988). Taraszka (1970) suggested that 
such extended time periods were inappropriate to 
use in a buccal absorption test due to subject 
discomfort and the inevitable swallowing of a 
portion of the drug solution. Henry et al. (1980) 
and more recently Tucker (1988) report no such 
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problems. The latter authors do report large vol- 
umes of secreted saliva (up to 10 ml) and signifi- 
cant differences between the initial and final pH 
values of the drug solution (Henry et al., 1980; 
Tucker, 1988). 

Non-absorbable marker compounds 
A number  of authors expressed concern over 

non-absorbable losses that might occur due to 
swallowing of drug during a buccal absorption 
test (Arbab and Turner,  1971; Meyer et al., 1974; 
Manning and Evered, 1976; Schurmann and 
Turner,  1977, 1978; Past et al., 1979). These in- 
vestigators added non-absorbable marker  com- 
pounds to the buffered drug solution and deter- 
mined the amounts of these compounds before 
and after a buccal absorption test. Inulin (Man- 
ning and Evered, 1976), ~25I-labelled polyvinyl- 
pyrrolidone (Past et al., 1979), polyethylene glycol 
(Meyer et al., 1974) and phenol red (Schurmann 
and Turner,  1978; Henry et al., 1980; Tucker, 
1988) have been used to assess the extent of drug 
loss arising from non-absorbable sources during a 
5 min buccal absorption test. In each case no 
significant losses were observed. Independent  
studies by Arbab and Turner  (1971) and Schur- 
mann and Turner  (1977) using polyethylene gly- 
col and phenol red, respectively, showed that 
marker  loss was minimal around pH 8 (1 + 1.8%) 
but increased with acidity of the buffered drug 
solution to 14 _+ 7% at pH 5. In general the high 
and consistent amounts of non-absorbable marker  
compounds recovered after a buccal absorption 
test confirm the assumption that negligible drug 
losses arise from non-absorbable sources. 

Pre-test modifications 
Pre-test washout In order to cleanse mouth 

and adjust pH prior to a buccal absorption test 
McElnay and Temple  (1982) performed a 3(t s 
swilling using 20 ml of a pH 9.5 buffer solution 
without drug. Tucker (1988) followed a similar 
procedure using a few millilitres of distilled wa- 
ter. Randhawa and Turner  (1988) rinsed the 
mouth for 10 s prior to a buccal absorption test 
with 20 ml of the buffer used in the test. 

Equilibration of buffered drug solution to 37 o C 
Evered and his co-workers pre-equilibrated the 

buffered drug solution to 37 o C immediately prior 
to a buccal absorption test in order to reduce pH 
changes with temperature  (Manning and Evered, 
19761. Evered considered this necessary with the 
physiological buffers employed in their studies. 
Such a protocol was deemed unnecessary by 
Beckett and Moffat (19681 who employed buffers 
which had a large p H - t e m p e r a t u r e  coefficient 
and for which standard tables were available that 
documented change of pH with temperature.  

Post-test modifications 
Nominal l'olume for froth The rapid move- 

ment of the buffered drug solution around the 
oral cavity in the presence of salivary secretions 
promotes the formation of froth. After expulsion, 
the exact volume of the expelled solution is diffi- 
cult to determine because of the presence of 
large amounts of froth. In order to overcome this 
problem one of three methods has been adopted. 
In the first the froth is allowed to subside (Be- 
ckett and Moffat, 1968). This method suffers from 
the disadvantage that this may take a consider- 
able length of time. In the second, a nominal 
volume of buffer solution is added to the expelled 
solution to account for the volume occupied by 
the froth. Nominal volumes of 0.5 ml (Beckett 
and Moffat, 19681 and (1.3 ml (Schurmann and 
Turner,  1978) have been suggested. In the third 
method w~lumes are adjusted by weight (Tucker. 
19881. 

Post-test rinsing Immediately after a buccal 
absorption test subjects rinsed their mouth with 
an aliquot of fresh, drug free buffer or distilled 
water for a short period of time to remove any 
unabsorbed drug that may still be present in thc 
oral cavity. It was soon recognised that such a 
procedure may encourage 'absorbed '  drug to re- 
turn back into the oral cavity from the membrane  
(Beckett and Moffat, 19681. Beckett and Triggs 
(1967) employed a 10 ml, 10 s rinse. Others used 
a 10 ml, 5 s rinse (Manning and Evered, 1976), 20 
ml, 10 s rinse (Henry et al,, 1980; Randhawa and 
Turner,  1988), a 20 ml, 30 s rinse (Randhawa et 
al., 1986), a 10 ml, 5 s rinse (Sadoogh-Abasian 
and Evered, 1979: Evered et al., 1980) and a 5 ml, 
3 s rinse (Beckett and Pickup, 1975). It is clear 
that the post-test swilling period, although re- 



quired, should involve small volumes and be re- 
stricted to short periods of time. This is particu- 
larly important with drugs that can readily return 
to the oral cavity from the membranes. 

Recocery after buccal partitioning It was 
recognised early in the historical development of 
the buccal absorption test protocol that 'ab- 
sorbed' drug could return back into the oral 
cavity given an appropriate concentration gradi- 
ent. Initially this led Beckett and Moffat (1968) to 
caution investigators to keep swilling periods to a 
minimum. Later, repeated post-test rinsing was 
employed to recover drugs from the oral cavity 
membranes after a buccal absorption test. For 
some amphetamine compounds approximately 
50% of 'absorbed' drug could be returned to the 
oral cavity after repeated post-test rinsing with 
freshly introduced buffer solutions (Beckett and 
Triggs, 1968). Little return from the oral mucosa 
back into the oral cavity was observed for some 
carboxylic acids after a buccal absorption test 
(Beckett and Moffat, 1970). For testosterone and 
progesterone 33% and 14%, respectively, of 'ab- 
sorbed' drug were recovered from the oral mu- 
cosa (Beckett and Pickup, 1975). About 70%' of 
fomocaine was 'absorbed' by the oral mucosa 
during a 5 rain buccal absorption test, repeated 
post-test swillings initiated immediately after a 
test returned most of the 'absorbed' drug back 
into the oral cavity and 1 h after cessation of a 
buccal absorption test, 30% of the absorbed fo- 
mocaine could still be recovered from the oral 
mucosa (Temple and Schesmer, 1978). The re- 
turn of verapamil into the buccal cavity after a 
buccal absorption test was dependent  on the pH 
of the post-test rinse solution (Davis and John- 
ston, 1979). A technique for repeated recovery in 
which the kinetic profile for drug recovery could 
be drawn was reported by Henry and his co- 
workers (Henry and Ohashi, 1979; Henry et al., 
1980). Recovery involved the introduction of 20 
ml of fresh buffer solution into the oral cavity and 
circulated in the manner as for absorption, f o r  
115 s. 5 s were allowed for expulsion of the buffer 
and the introduction of a further 20 ml of fresh 
buffer of the same pH. This procedure was re- 
peated twelve times, the duration of recovery 
being 24 rain (Henry et al., 1980). Results showed 
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that large amounts of propranolol were recover- 
able from the oral mucosa; recovery was biexpo- 
nential and the amount recovered was dependent  
upon the time allowed for absorption (percentage 
recovery decreased with increasing contact time 
of buccal absorption test), pH (percentage recov- 
ery increased as percentage ionised species in 
fresh buffer increased) and recovery time (per- 
centage recovery increased with time of recovery) 
(Henry et al., 1980). The basic method of the 2 
rain repeated recovery procedure has been used 
by others (McElnay and Temple, 1982; McElnay 
et al., 1982; Blackett et aI., 1983). The recovery of 
acetylsalicylic acid was less than 1% at pH 5 or 8, 
while that of indalpine was 19% and 13% at pH 5 
and 8, respectively, the difference in recovery 
being explained in terms of a difference in their 
distribution in the oral mucosa dependent  upon 
their lipid solubilities (Blackett et al., 1983). These 
observations underline the fact that drug loss 
from the oral cavity during a buccal absorption 
test and systemic absorption are not synonymous 
(Henry et al., 1980). It does not follow that disap- 
pearance of drug from the oral cavity results in its 
appearance in the systemic circulation. The term 
'buccal absorption' may thus be an inaccurate 
description of the processes that occur during a 
buccal absorption test (Henry et al., 1980; Black- 
ett et al., 1983; Sadoogh-Abasian and Evered, 
1979; Evered et al., 1980). 

Time between repeats 
An implicit assumption of the buccal absorp- 

tion test is that tests are performed upon oral 
cavity membranes which are void of drug content. 
Thus, if investigators are to perform repeat ex- 
periments upon the same person they must en- 
sure sufficient time has elapsed between repeats. 
Dearden and Tomlinson (1971a) found the mini- 
mal period between successive tests, for satisfac- 
tory repeat values to be obtained, was about 15 
rain after a 5 min contact time, and 50 rain after a 
10 rain contact time. A waiting time of 30 rain 
after a buccal absorption test of 5 or 6 min was 
considered of sufficient length by a number of 
authors (Beckett and Moffat, 1968; Arbab and 
Turner, 1971; Chan, 1979; Evered and Vadgama, 
1983). Other authors preferred waiting times be- 
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tween repeats of 2 h (Edwards et al., 1981; McEI- 
nay and Temple, 1982), 5 h (Tucker, 1988) or 24 h 
(Randhawa et al., 1986). There is little agreement 
in the length of time allowed to elapse between 
repeats. Time periods will be dependent  on the 
buccal absorption test duration period and on the 
physicochemical properties of the drug. Longer 
lapses of time must be allowed when longer buc- 
cal absorption test contact times are used (Henry 
et al., 1980) or when very lipid soluble drugs are 
investigated (Temple and Schesmer, 1978). 

lntra- and inter-subject cariation 
Surprisingly small intra- and inter-subject vari- 

ation is obseryed during a buccal absorption test. 
Beckett and Triggs (1967) demonstrated that in- 
tra-subject variations of drug loss from the oral 
cavity of some amphetamines for one man on 
different days were small and that inter-subject 
variation was also not great. Experiments per- 
formed on two subjects who had never partici- 
pated in a test before also showed small varia- 
tions in drug loss and compared favourably with 
results obtained from trained subjects. These ob- 
servations were verified using a variety of differ- 
ent drug structures including benzphetamine 
(Taraszka, 1970), thiamine (Evered and Mallett, 
1983), ascorbic acid (Sadoogh-Abasian and Ev- 
ered, 1979), indomethacin (Garnham et al., 1977), 
mexiletine (Kaye et al., 1977), /3-adrenoreceptor 
blocker drugs (Schurmann and Turner, 1977, 
1978; McElnay and Temple, 1982), medifoxamine 
(Randhawa et al., 1986), p-substituted ac- 
etanilides (Dearden and Tomlinson, 1971b), fo- 
moca ine  ( T e m p l e  and Schesmer ,  1978), 
imipramine (Bickel and Weder, 1969) and ergo- 
tamine (Sutherland et al., 1974). A comparison of 
untrained and trained subjects was performed by 
Schurmann and Turner  (1978) using propranolol. 
Fifteen untrained subjects gave the same profile 
as a single subject, however, each point was asso- 
ciated with wide scatter and lower mean readings 
which were similar to those associated with 
inter-subject variation. Intra- and inter-subject 
variations were reported by Schurmann and 
Turner  (1978) to increase at points of high ab- 
sorption. Other authors demonstrated that little 
or no variation in reproducibility occurred at dif- 

ferent pH values or extents of absorption (Garn- 
ham et al., 1977; Kaye et al., 1977; Temple and 
Schesmer, 1978; Randhawa et al., 1986). Intra- 
subject variation was always smaller than inter- 
subject variation. As a consequence kinetic stud- 
ies were usually performed upon a single subject 
(Dearden and Tomlinson, 1971a; Hicks, 1973; 
Schurmann and Turner, 1978). 

Subject populations appear to have received 
little attention when subjects were chosen for a 
buccal absorption test. Odumosu and Wilson 
(1971, 1977) reported that ascorbic acid loss dur- 
ing a buccal absorption test was greater in males 
than females, an observation supported by Tem- 
ple and Schesmer (1978) using fomocaine. Sev- 
eral authors report no significant difference in 
drug loss between male and female subjects 
(Bickel and Weder, 1969; Sutherland et al., 1974; 
Sadoogh-Abasian and Evered, 1979; Evered and 
Vadgama, 1983; Hunjan and Evered, 1985). 

Inter-author t'ariation 
A comparison of the percentage loss for pro- 

pranolol during a 5 rain buccal absorption test 
performed by five independent authors shows 
good agreement. At pH 9.5 the following percent- 
age losses for propranolol were reported: 79.0 
(Henry et al., 1980), 77.0 (Hicks, 1973), 90.5 (Mc- 
Elnay and Temple, 1982) and 80.0 (McElnay and 
Mooney, 1983). Schurmann and Turner  (1977) 
reported values of 76.9 and 89.0 percentage loss 
of propranolol at pH 9.0 and 10.0, respectively. 
Independent  studies by Beckett and Triggs (1967) 
and Taraszka (1970) using benzphetamine in a 5 
min buccal absorption test produced results in 
close agreement with each other. These results 
confirm the reproducible nature of the buccal 
absorption test. 

Multiple sampling 
In order to estimate the transfer kinetics of a 

given drug the buccal absorption test requires 
repeated swillings over different time periods up 
to a maximum of 15 rain - a process which can 
take days for the mapping of a drug's kinetic 
profile (Tucker, 1988). In this respect Tucker 
(1988) reported a technique which enables kinetic 
data to be collected in a single 15 rain trial. The 
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method involved multiple samples being with- 
drawn from the mouth throughout the duration 
of a buccal absorption test. The method was 
validated using verapamil. 

Monitoring of drug appearance in blood 
Drug loss from the oral cavity during a buccal 

absorption test is often referred to as 'drug ab- 
sorption'. Drug absorption implies, by definition, 
passage across a membrane into the systemic 
circulation (Wagner, 1968). It is evident from 
repeated recovery of drug after a buccal absorp- 
tion test has been performed that drug loss from 
the oral cavity and entry into the systemic circula- 
tion are not synonymous (Davis and Johnston, 
1979; Henry and Ohashi, 1979; Henry et al., 1980; 
Blackett et al., 1983). Studies measuring drug loss 
from the oral cavity and appearance in the blood 
are sparse in the literature. Pickup et al. (1977) 
used a 3 min buccal absorption test to investigate 
the absorption of ICI 74917 (6-n-butyl-2,8-di- 
carboxy-4 ,10-dioxo-  1 ,4 ,7 ,10- te t ra -hydro  1,7- 
phenanthroline, disodium salt). Blood samples 
collected up to 4 h and urine samples up to 36 h 
after expulsion were void of drug content. This 
was attributed to the lack of a specific transport 
mechanism for the drug in the oral mucosa and 
the high degree of ionisation of the drug at the 
chosen pH of the study. Kates (1977) investigated 
the buccal absorption of propranolol with a 10 ml 
buffered drug solution containing 10 mg of drug 
and a 5 min contact time. Blood samples were 
collected following administration. The half-life 
for appearance in the blood was about three 
times the half-life for disappearance from the 
oral cavity indicating the rate-limiting step to be 
transfer of propranolol out of the membrane into 
the blood. 

Concluding remarks 
The buccal absorption test provides a simple, 

non-invasive method for measuring the rate and 
extent of drug loss from the oral cavity from 
solutions. The method has been used extensively 
by authors in a variety of scientific disciplines. 
However, the technique has several disadvan- 
tages. Firstly, as drug absorption has taken place 
over all mucosa surfaces, the technique cannot 

provide information on the relative permeabilities 
of different regions of the oral cavity. In addition 
each oral cavity membrane differs in its anatomy 
and composition. Secondly, there is no control 
over the area across which transfer can take 
place. Due to biological variability different sub- 
jects will have different areas and will expose the 
various areas of oral cavity membranes to differ- 
ing degrees throughout the duration of a test. 
Thirdly, there is a continual and erratic secretion 
of saliva throughout the duration of a test. The 
saliva will continually change drug solution pH 
and volume, and can potentially interact with 
drug leading to possible interference with assay 
procedures and problems in the interpretation of 
buccal absorption test data. Finally, only a tenta- 
tive estimate of the impelled aqueous drug solu- 
tion boundary layer conditions can be postulated. 
It should be remembered that this test only meas- 
ures disappearance from the oral cavity, which in 
the absence of information on pharmacological 
effects or systemic levels, may not necessarily 
reflect complete transfer across the mucosa into 
the blood. 

Disc methods 

Historical decelopment 
Kaaber (1974) developed a quantitative method 

for investigating the transport of water and ions 
through known regions of the oral mucosa. The 
author used an airtight sampling chamber com- 
prising a standardised disc of dry, ash-free filter 
paper overlaid with a disc of porous membrane 
material. The filter paper was then protected 
from evaporation by an airtight sampling cham- 
ber comprising a disc adhered to a piece of 
surgical tape. Schurr and Ziegler (1983) used a 
polytef disc with a diameter of approximately 3.5 
cm 2 and height of 1 cm. The disc had a central 
circular depression depth of 4 ram, leaving an 
elevated rim. A previously water-soaked filter 
paper disc was placed in the depression and 20 
mg of crystalline protirelin spread onto the filter 
paper which dissolved immediately. Subsequently 
the device was placed in contact with the buccal 
mucosa. Pimlott and Addy (1985) modified the 
method of Kaaber (1974) to study steroid absorp- 
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tion across keratinised and non-keratinised oral 
mucosa sites. The vehicle for drug delivery was a 
three disc thickness of Whatman Ashless 42 filter 
paper  1 cm in diameter. Discs were impregnated 
with an aqueous solution (1.25 mg/100  p.l) of 
prednisolone sodium phosphate and placed on 
three different mucosa sites. Lip and sublingual 
areas were isolated with cotton wool and saliva 
ejectors and the discs allowed to lie on the mu- 
cosa but not in contact with the isolation materi- 
als for a period of 5 min. The palate discs were 
held gently against the mucosa with tweezers 
while the subject was in the supine position 
(Schurr and Ziegler, 19831. A non-impregnated 
disc of filter paper  was used to wipe the oral 
mucosa immediately after disc removal and the 
concentration of drug in each of the 4 discs was 
determined. Percentage drug losses from the discs 
at the different sites were shown to be signifi- 
cantly different from each other at 65.4%, 24.1% 
and 9.9% for sublingual, buccal and palatal sites, 
respectively. 

Concluding remarks 

Disc techniques allow investigators to study 
drug loss across a fixed area of defined oral cavity 
membrane.  The technique might also lend itself 
to the estimation of kinetic rates of transfer 
through repeated application and sampling of 
identically prepared discs resting in contact with 
the oral mucosa for different lengths of time. 
However, such studies do not appear  in the liter- 
ature probably due to the inherent difficulties of 
the technique which include adherence of disc to 
membrane,  leakage of drug from the disc and 
interference from salival secretions. 

Perfusion cells" 

Barsuhn 
Barsuhn et al. (1988) devised a closed-perfu- 

sion cell apparatus to study the transport  of flur- 
biprofen across a fixed (1.8 cruZ) area of human 
buccal membrane.  The cell was constructed of a 
hydrophilic polymer and was pliable to allow a 
comfortable fit when placed against the buccal 
mucosa. Two internal posts were moulded into 

the cell to provide adequate turbulence within 
the perfusion cell and to prevent the buccal mem- 
brane from collapsing into the cell void. The 
design also incorporated a sealing lip to prevent 
fluid leaks. Aqueous solutions (8.0 ml total vol- 
ume) of flurbiprofen (0.28 m g / m l )  were main- 
tained at 37 °C and recirculated through the per- 
fusion apparatus at 10 m l / m i n  for a total perfu- 
sion time of 42 min. Samples ((/.05 ml) were 
removed from a stirred reservoir at the start of 
perfusion and at 7 min intervals during the course 
of an experiment. Removed samples were anal- 
ysed for drug content and apparent  first-order 
rate constants calculated. No irritation was ap- 
parent at the perfusion site and all subjects toler- 
ated the perfusion procedure without difficulty 
(Barsuhn et al., 19881. The closed-perfusion cell 
apparatus is a significant improvement  over both 
the buccal absorption test and disc methods for 
estimating kinetic rate constants for disappear- 
ance across a specified oral cavity membrane;  
however, Barsuhn et al. (1988) reported problems 
of perfusion circuit leakage. Also inter-subject 
variation was large, rate constants for disappear- 
ance varied from 2.88 x 10 -5 s i to 8.07 × 10 5 
s-~ (mean _+ SD = 5.88 +1.85 × 1 0  5 s t n = 8  
subjects) for flurbiprofen at pH 5.5. 

Rathbone 
Recently Rathbone (1991) reported on an im- 

proved buccal perfusion cell design in which cell 
leakage was not a problem, perfusion circuit pres- 
sure maintained low and both intra- and inter- 
subject variations were small. The buccal perfu- 
sion cell was circular with an internal diameter  of 
1 cm, internal depth of 0.5 cm and allowed 3.14 
cm 2 area of buccal membrane  to be perfused. 
Small bore Teflon circulation tubing (0.08 cm 
internal diameter) led from the inside of the cell 
to permit connection into a perfusion circuit. 27.5 
ml of buffered aqueous donor phase containing a 
model drug, butyl para-hydroxybenzoate and 
maintained at 3 7 ° C  was continually circulated 
across a subject's buccal membrane  at 10 m l / m i n  
for the duration of an experiment (40-60 rain). 
Drug concentrations were continuously moni- 
tored as a function of time by pumping the drug 
solution through a flow-cell in a spectrophotomc- 



ter. An apparent first-order rate constant for 
drug disappearance was calculated from knowl- 
edge of the change in drug concentration with 
time. It was shown that intra-subject variation of 
drug transfer was small, with inter-subject varia- 
tion only slightly larger (Rathbone, 1991). No 
significant difference in drug transfer kinetics was 
observed between a subject's left and right buccal 
membranes or between male and female subjects 
(Rathbone, 1991). Subjects can tolerate extended 
periods of perfusion (up to 2 h) and the method 
is sensitive enough to detect differences in trans- 
fer rate constants between closely related mem- 
bers of a homologous series and to allow the 
effect of pH upon drug transfer to be studied 
(Rathbone, 1990). Recently, the method has been 
successfully used to simultaneously monitor dis- 
appearance of propranolol from the buccal perfu- 
sion cell and its appearance in the blood (Rath- 
bone et al., 1990). 

Concluding remarks 
Buccal perfusion cells of the type depicted 

above offer fixed (known) interfacial areas over 
which transfer can take place into a defined oral 
cavity membrane. The isolation of the area over 
which transfer occurs prevents interference from 
salivary secretions, thus aqueous phase volumes, 
pH and temperature of the perfusant remain 
constant throughout the duration of an experi- 
ment (Rathbone, 1991). Buccal perfusion cells 
may provide an investigator with a technique 
suitable to quantify those factors which influence, 
control and govern drug permeability across oral 
cavity membranes and the authors believe that 
such studies will proliferate in the literature. 

Mechanisms of Drug Transfer 

Et~idence for passit~e drug transfer 

The early works of Beckett and his co-workers 
(pre-1971) have been extensively reviewed (Beck- 
ett and Hossie, 1971; Moffat, 1971; Muzaffar, 
1975; Spiers, 1977). Beckett's studies indicated 
that loss of drugs from the oral cavity occurred by 
the process of passive diffusion of the non-ionised 
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form from an aqueous phase into one which was 
essentially lipid in nature. Evidence for this in- 
clude: (1) a linear relationship between percent- 
age loss and initial drug concentration for a fixed 
test duration period (Beckett and Triggs, 1967); 
(2) disappearance of drug from the solution ex- 
posed to the oral cavity increased with time of 
contact (Beckett and Triggs, 1967; Beckett et al., 
1968; Beckett and Moffat, 1968, 1970); (3) with 
multicomponent mixtures percentage loss was the 
same as when each drug was administered sepa- 
rately (Beckett and Triggs, 1967; Beckett and 
Moffat, 1968; (4) percentage loss increases with 
an increase in non-ionised drug species (Beckett 
and Triggs, 1967; Beckett and Moffat, 1968; (5) 
the shapes of the percent loss versus pH curves 
varied with variation in the pK~, values of the 
drugs (Beckett and Triggs, 1967; Beckett and 
Moffat, 1968, 1969a, 1971; Beckett et al., 1968); 
(6) percentage loss increased with increasing lipid 
solubility of the drug (as expressed by the oil: 
water partition coefficient) (Beckett and Triggs, 
1967; Beckett and Moffat, 1968, 1969a,b, 1971; 
Beckett et al., 1968); and (7) optical isomers were 
absorbed to the same extent at a given pH and 
test duration period (Beckett and Triggs, 1967). 
Tables 1 and 2 summarise work performed by 
various authors using the buccal absorption test 
of Beckett and Moffat (1967) from 197l to date. 
It is clear from Tables 1 and 2 that most drugs 
are lost from the oral cavity throughout the dura- 
tion of a buccal absorption test by the process of 
passive diffusion of the non-ionised species in 
accord with the pH-par t i t ion hypothesis. 

Evidence for carrier-mediated transport systems 

Manning and Evered (1976) studied the up- 
take of certain hexoses into the oral mucosa using 
a modified buccal absorption test. Loss from the 
oral cavity of D-glucose, D-fructose, D-galactose 
and 3-O-methyl-D-glucose showed a non-linear 
dependence of concentration upon uptake (Man- 
ning and Evered, 1976). Metabolic losses were 
shown to be negligible and led the authors to 
conclude that transport of these sugars across the 
oral mucosa was by a specialised transport system 
capable of saturation. A stereospecific effect was 
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T A B L E  1 

Literature ecidence to suggest that the non-ionised form of  a drug is lost ]?om the oral ~a~'ity during a buccal absorption test 

Expe r imen ta l  Drug(s)  inves t iga ted  Obse~ ' a t i on  

var iab le  

pH of buf fe red  d rug  
solut ion in 

oral  cavity 

Pe th id ine  ~ 
Pe th id ine  n-oxide ~ 
Proprano lo l  c,d,c,f,g,h,i 

Pindolol  ~ 
Oxpreno lo l  h 
L ignoca ine  i 

P roca inamide  .1 

4 - / 3 - I n d o l y l - 2 - e t h y l / p i p e r i d i n e  p 

Inda lp ine  q 
I m i p r a m i n e  der ivat ives  (n = 10) 

8 -Subs t i tu ted  decahydro i so-  

qu ino l ine  der ivat ives  (n = 211 
Thymoxamine  HC1 ~ 

Z ipepro l  and its 

n -a lky la ted  der ivat ives  (n = 101 "~'~ 

Norpe th id ine  ~' 
Acebu to lo l  b 
Practolol  c,h 

Ve rapami l  J 

Cycloser ine  k 
Fomoca ine  m 

E r g o t a m i n e  " 
Acetylsal icyl ic  acid '~ 

I ndome thac in  
I soprena l ine  h 

Sa lbu tamol  h 

D ie thy l ca rbamaz ine  ~' 
Mexi le t ine  I 

~ d rug  loss from the oral  
cavity var ied  accord ing  to 

the extent  of ionisat ion.  

lon i sed  species  r ema ined  

conf ined  to the oral  
cavity whi le  non- ion ised  

species  were  observed to 
t ransfer  across the oral  

ep i the l i a  

~' Chan,  1979; b Kaye and  Long, 1976; c Hicks,  1973; d Schu rmann  and Turner ,  1977" ~ Schu rmann  and Turner ,  1978; ~ Henry  et 

al., 1980; g Henry  and Ohash i ,  1979; h Ohash i  and Turner ,  1980; ' Davis  and  Turner ,  1979; J Davis  and  Johns ton ,  1979; k Sprake  
and Evered ,  1979; i Kaye et al., 1977; m T e m p l e  and Schesmer ,  1978; n Meyer  et al., 1974: " Su the r l and  et al., 1974; p Kaspi  et al., 

1979: q Blacke t t  et  al., 1983; ~ G a r n h a m  et al., 1977; ~ Bickel and  Weder ,  1969: t Math i son  and Morgan,  1976: " Edwards  et al,, 

1981; v Arbab  and Turner ,  1971; w Achar i  and  Becket t ,  1982; × Beeke t t  and Ch idomere ,  977. 

demonstrated by D- and L-glucose and by the 
pentose isomers o- and L-arabinose (Manning 
and Evered, 1976). Removal  of  Na ÷ ions from 
the drug solution during a buccal absorption test 
resulted in a 30% inhibition of  D-glucose and 
o-galactose transport and a 40% inhibition of 
3-O-methyl-D-glucose transport (Manning and 
Evered, 1976). Uptake of D-glucose was also 
shown to be inhibited in the presence of large 
concentrations of galactose and 3-O-methyl-D- 
glucose suggesting that these sugars are trans- 
ported by a carrier-mediated system and share a 
common transport system (Manning and Evered, 
19761. McMullan et al. (1977) examined the effect 
of  Ca 2+ and Mg 2+ ions on the transport of  
various hexoses across the oral mucosa. Mg 2+ 
ions produced no significant increase in uptake of 
any of the sugars tested whereas Ca 2 + ions signif- 
icantly increased the uptake of certain hexoses 
but had no effect upon the others tested (McMul- 
lan et al., 1977). Their results supported the 

results of Manning and Evered (1976) that cer- 
tain sugars are transported across the human oral 
mucosa by a carrier-mediated process. Evered 
and Offer (1981) showed that absorption of glu- 
cose was inhibited by the presence of aspirin 
providing further evidence for the presence of a 
Na + dependent  carrier-mediated transport  sys- 
tem for D-glucose. Certain vitamins are trans- 
ported across the oral mucosa by a carrier-media- 
ted process. These include L-ascorbic acid (Sa- 
doogh and Evered, 19791, nicotinic acid (Evcred 
et al., 1980) and thiamine (Evered and Mallett, 
1983). Glutathione is t ransported by a non-energy 
requiring sodium-independent carrier-mediated 
diffusion process (Hunjan and Evered, 1985), ho- 
mocitrulline by a sodium-dependent  carrier- 
mediated process (Evered and Vadgama, 19811 
and nicotinic acid by facilitated diffusion (Evercd 
et al., 1980). 

These studies suggest that the human buccal 
mucosa possesses carrier-mediated transport  sys- 
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TABLE II 

Literature evidence to suggest that the lipid soluble form o f  a drug is lost from the oral cavity during a buccal absorption test by' the 
process of  passit'e diffusion 

Experimental Drug(s) investigated Observation 
variable 

Affinity of drug for Pethidine derivatives '' (n = 3) p-Substituted 
membrane (as measured acetanilide derivatives b 
by the oil/water (n = 16) 
partition coefficient) 

Stereospecificity 

Initial concentration of 
buffered drug solution 

/3-Adrenoceptor blocking 
drugs c (n = 3) 

Steroid derivatives d (n = 15) 

Amphetamine derivatives ~,f (n = 4) Imipramine derivatives g (n = 10) 
8-Substituted decahydro- Zipeprol and its n-dealkylated 

isoquinoline derivatives h derivatives i,j (n = 10) 
(n=21)  

D-Cycloserine k.I 
L-Cycloserine 
Fomocaine m Ergotamine n 
Atenolol o Propranolol o 
Lactulose p Cycloserine k 
Ascorbic acid q Nicotinic acid r 
Nicotinamide r 

For a given series as the 
affinity of the analogue 
for the epithelial mem- 
brane increased (as 
measured by the oi l /  
water partition co- 
efficient) the greater was 
the observed % loss from 
the oral cavity 

No difference observed in the 
% loss from the oral cavity 

Linear relationship 
observed between initial 
concentration and % loss 
from the oral cavity 

~' Chan, 1979; b Dearden and Tomlinson, 1971b; c Hicks, 1973; d Beckett and Pickup, 1975; ~ Beckett and Triggs, 1967; f Beckett 
et al., 1975; g Bickel and Weder, 1969; h Mathison and Morgan, 1976; i Achari and Beckett, 1982; i Beckett and Chidomere, 1977: 
k Sprake and Evered, 1979; i Evered, 1972; m Temple and Schesmer, 1978; n Sutherland et al., 1974; ° Schurmann and Turner, 
1978; p Evered and Sadoogh-Abasian, 1979; q Sadoogh-Abasian and Evered, 1979; r Evered et al., 1980. 

t e m s  for  c e r t a i n  c o m p o u n d s  wh ich  exh ib i t  a p p a r -  

e n t  s a t u r a t i o n  k ine t ics ,  m u t u a l  i nh ib i t i on  a n d  par -  

t ial  s o d i u m  d e p e n d e n c y .  

Kinetic Models of Drug Transfer 

A n u m b e r  o f  s c h e m a t i c  m o d e l s  for  d r u g  t rans-  

fe r  f r o m  the  ora l  cavi ty  h a v e  b e e n  d e s c r i b e d  in 

t he  l i t e r a tu r e .  B e c k e t t  e t  al. (1968) p r o p o s e d  a 

k ine t i c  m o d e l  to d e s c r i b e  t h e  loss o f  am-  

p h e t a m i n e  c o m p o u n d s  f r o m  the  ora l  cavi ty  

( S c h e m e  1 ) w h e r e  k 1 and  k_  I r e p r e s e n t  t he  for-  

w a r d  and  r e v e r s e  r a t e  c o n s t a n t s  fo r  t r a n s f e r  be -  

t w e e n  t h e  ora l  cavi ty  (A)  a n d  m u c o s a  m e m b r a n e s  

(B), r e spec t ive ly ,  k 2 r e f e r s  to t he  t r a n s f e r  r a t e  

c o n s t a n t  b e t w e e n  t h e  m u c o s a  m e m b r a n e s  and  

b l o o d  (C)  a n d  k 3 r e p r e s e n t s  a r a t e  c o n s t a n t  re-  

q u i r e d  to a c c o u n t  for  t h e  s l ight  a b s o r p t i o n  wh ich  

o c c u r r e d  b e t w e e n  5 and  10 min  c o n t a c t  t imes .  

T r a n s f e r  o f  d r u g  b e t w e e n  c o m p a r t m e n t s  A and  B 

( S c h e m e  1) was  c o n s i d e r e d  to be  a r eve r s ib l e  

p r o c e s s  s ince  i m m e d i a t e l y  a f t e r  a bucca l  abso rp -  

t ion  tes t  a p p r o x i m a t e l y  5 0 %  o f  ' a b s o r b e d '  d r u g  

c o u l d  be  r e t u r n e d  to t h e  o ra l  cavi ty  by success ive  

r ins ing  o f  t h e  m o u t h  wi th  a p H  4.0 buf fe r .  T h e r e  

was  g o o d  a g r e e m e n t  b e t w e e n  a n a l o g u e  c o m p u t e r  

p r e d i c t e d  a m o u n t s  o f  t he  d r u g  in c o m p a r t m e n t  A 

and  t h e  e x p e r i m e n t a l  d a t a  po in ts .  La t e r ,  B e c k e t t  

and  M o f f a t  (1970) s u g g e s t e d  S c h e m e  2 to be  a 

s i m p l e r  and  m o r e  use fu l  c o m p a r t m e n t a l  m o d e l  

for  o ra l  cavi ty  m u c o s a  a b s o r p t i o n .  Th i s  m o d e l  

p r e d i c t e d  a l i nea r  r e l a t i o n s h i p  b e t w e e n  In (ab- 

s o r p t i o n )  and  t ime,  h o w e v e r ,  a l i nea r  r e l a t i o n s h i p  

was no t  o b s e r v e d  for  any of  10 carboxyl ic  ac ids  

s t u d i e d  ( B e c k e t t  and  Mof fa t ,  1970). R e t u r n  o f  

ac id  f r o m  the  o ra l  cavi ty m u c o s a  a f t e r  a tes t  was  

neg l ig ib le ,  t hus  a r eve r s i b l e  t r a n s f e r  s t ep  b e t w e e n  

c o m p a r t m e n t s  A and  B cou ld  no t  exp la in  t he  

p o o r  fit. R e s u l t s  w e r e  e x p l a i n e d  by v o l u m e  and  
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Schemes 1-5. 

pH changes which occurred during the test. Beck- 
ett and Moffat (1970) suggested that this simpler 
model (Scheme 2) may have given a good fit for 
the amphetamine data measured previously 
(Beckett et al., 1968), however, complete data 
analysis was not possible since the authors had 
neglected to measure volume and pH changes. 

Dearden and Tomlinson (1971a) proposed a 
kinetic scheme for oral mucosa absorption which 
involved reversible protein-binding in the oral 
cavity (Scheme 3) where k p a n d  k p are the 
corresponding forward and reverse rate constants 
for protein-binding, respectively. Dearden and 
Tomlinson validated the model (Scheme 3) using 
a number of p-substituted acetanilides and sug- 
gested that the apparent return of drug from the 
oral cavity mucosa after a buccal absorption test 
was due to dissociation of protein-bound drug. 
Beckett and Pickup (1975) criticised the model of 
Dearden et al. (1971a) after studying the oral 
mucosa absorption of some steroids. Their  data 

were satisfactorily explained by Scheme 1 (Beck- 
ett and Pickup, 1975). In contrast Temple and 
Schesmer (1978) used the scheme (Scheme 3) of 
Dearden and Tomlinson (1971a) to describe the 
buccal absorption of fomocaine. 

Schumann and Turner  (1978) examined the 
models of Dearden and Tomlinson (1971a) and 
Beckett and Pickup (1975) and their application 
to the oral mucosa absorption of propranolol. 
The authors pointed out that, although the mod- 
els differed in their anatomical implications, drug 
disappearance from the oral cavity in both mod- 
els could be described in terms of a biexponential 
function. In other words the disappearance func- 
tions derived from both Schemes 1 and 3 were 
identical, but the definitions of the parameters 
distinguished the models and the choice of which 
model was appropriate, based upon anatomical 
considerations. 

Recently Scheme 4 has been used to describe 
successfully the disappearance kinetics of vera- 
pamil from the oral cavity during a buccal absorp- 
tion test (Tucker, 1988). 

Authors employing perfusion cell apparatus of 
the type depicted by Barsuhn et al. (1988) and 
Rathbone (1991) assume that drug transfer is 
unidirectional and there is negligible transfer be- 
tween the buccal membrane and drug solution in 
the perfusion cell. Rates of drug loss from the 
buccal perfusion cells into the human buccal mu- 
cosa should therefore follow first-order kinetics. 
Excellent linearity of plots of In(transferable con- 
centration) versus time attested to the validity of 
these assumptions (Rathbone, 1991). Recently 
Rathbone (1990), using the buccal perfusion cell, 
has observed that disappearance of triprolidine 
hydrochloride could be described in terms of a 
biexponential function (Scheme 5) while a sim- 
pler scheme (Scheme 4) appeared to describe 
adequately the disappearance kinetics of propra- 
nolol. 

Quantitative Analysis of Drug Transfer 

Several attempts have been made in the litera- 
ture to interpret quantitatively buccal absorption 
data reported by Beckett and Moffat (Beckett 
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and Moffat, 1968, 1969a,b, 1971). Lien et al. 
(1971) used regression equations to correlate buc- 
cal absorption data with partition coefficients. Ho 
and co-workers (Ho and Higuchi, 1971; Vora et 
al., 1972) used the physical model approach while 
Wagner and Sedman (1973) derived equations 
based on extraction theory. 

Lien et al. (1971) correlated the buccal absorp- 
tion test data of 31 acids and 10 bases (Beckett 
and Moffat, 1968, 1969a,b; 1971) with the log Pc, 
where Pc is the oc tanol /water  partition coeffi- 
cient of the drug. The authors demonstrated that 
loss from the oral cavity of these compounds was 
parabolically dependent  on log Pc. The most im- 
portant parameter  in determining the loss of these 
compounds was their log Pc value. The extent of 
ionisation of the drug was also shown to play a 
role and results suggested that only non-ionised 
species transferred through the membrane. The 
ideal lipophilic character (log Pc) for maximum 
loss from the oral cavity was in the range 4.2-5.5 
(Lien et al., 1971). 

Ho and Higuchi applied the physical model 
approach (Suzuki et al., 1970a,b) to interpret the 
loss from the oral cavity of n-alkanoic acid 
derivatives (Ho and Higuchi, 1971) and p-n-alkyl 
phenylacetic, p-halogen phenylacetic and toluic 
acids (Vora et al., 1972) at various buffer pH 
values. The major assumption used by the au- 
thors was that the stagnant aqueous diffusion 
layer on the oral cavity side of the membrane was 
the rate-limiting step in transfer. Using a series of 
mathematical approximations the theory was suc- 
cessfully applied to buccal absorption test data 
with good agreement between experimentally ob- 
served values and theoretical predictions for the 
dependence of the apparent first-order rate con- 
stant for drug loss from the oral cavity, kobs, on  
buffer pH. The theory attributed the greater rates 
of loss of the higher molecular weight acids exclu- 
sively to the higher partition coefficient of the 
acids. The shift to the right of the profiles for the 
homologous series relative to the dissociation 
curve were ascribed not only to the increase in 
lipid solubility but also to the presence of an 
aqueous diffusion layer on the oral cavity side of 
the lipoidal barrier (Ho and Higuchi, 1971). 

Wagner and Sedman (1973) derived equations 

which described the rate of drug loss from the 
oral cavity of acidic and basic drugs as a function 
of pH and time based on extraction theory. In 
contrast to Ho and co-workers' theories (Ho and 
Higuchi, 1971; Vora et al., 1972) the equation was 
derived assuming the rate of transfer of non- 
ionised drug out of the membrane into the blood 
was the rate-limiting step in transfer. The equa- 
tion successfully predicted kob s versus buffer pH 
profiles for ortho-, rneta- and para-toluic acids 
during a buccal absorption test. The authors also 
considered the case where not only non-ionised 
but also ionised drug species could partition into, 
through and out of the membrane (Wagner and 
Sedman, 1973). This resulted in a second equa- 
tion which provided a better prediction for kob,~ 
versus buffer pH profiles for a series of alkanoic 
acid derivatives during a buccal absorption test. 
The equation of Wagner and Sedman (1973) 
quantified the pH-par t i t ion hypothesis and has 
been shown to account for experimentally ob- 
served rates of drug loss from the oral cavity, the 
observed pH shifts and the limiting k,,b~ value for 
drug loss in a homologous series as the series is 
ascended. The analysis suggested that drug ab- 
sorption during a buccal absorption test is rate- 
limited by the transfer of drug out of the mem- 
brane. 

A comparison of these two models shows that 
both appear to be equally successful in quantify- 
ing the buccal absorption data of Beckett and 
Moffat, despite marked contrast in the underlying 
assumptions inherent in the models. The equal 
success does not mean that one theory is correct 
and the other incorrect, rather that the appropri- 
ate model cannot be chosen on the basis of the 
type of data which had been collected. Although 
we may obtain some information about the trans- 
port of non-ionised drug molecules across the 
oral cavity membranes by the use of regression 
equations as suggested by Lien et al. (1971), this 
method only provides a one point comparison at 
any one particular pH. The models of Ho and 
co-workers (Ho and Higuchi, 1971; Vora et al., 
1972) and Wagner and Sedman (1973) offer the 
advantage that drug loss profiles for each of the 
drugs for the entire experimental buffer pH range 
studied may be generated. 
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Concluding Remarks 

The buccal absorption test of Beckett and 
Triggs (1967) may provide a simple and reliable 
method for estimating drug loss from the oral 
cavity, however, because of the limitations of the 
technique, investigations can only provide quali- 
tative information on the relationship between 
drug structure and membrane permeability. The 
recent introduction of perfusion cells (Barsuhn et 
al., 1988; Rathbone, 1990) that allow drug trans- 
fer kinetics to be reliably estimated across known 
areas of defined oral cavity membranes may pro- 
vide investigators with a means of quantifying the 
complex interrelationships between these vari- 
ables. Clearly some fundamental research in this 
area is still required. 
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