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Abstract 0 Key experiments were carried out that illustrated the 
main features of the three-phase transport theory presented earlier. 
These studies investigated the effects of partition coefficient and 
pH on transport rates and how these effects are altered by the 
aqueous diffusion layers adjacent to the lipid phase. The experi- 
mental setup incorporates significant improvements over previous 
in vitro systems: (a)  stable lipid phases in which partition coefficients 
of solutes may be measured, and (b)  a large aqueous-lipid phase 
volume ratio, enabling establishment of steady-state conditions. 
Experimental rates for a variety of conditions correlated reasonably 
well with computer predictions obtained by independent evaluation 
of physicochemical parameters in the system. Transfer rates leveled 
off with increasing (high) membrane permeability coefficients. 
Transport rates for these high permeability coefficient solutes were 
very dependent on stirring rates as well as on the pH of the re- 
ceptor phase. The pH-transfer rate profiles generally paralleled 
solute titration curves, except where pH values created pseudo- 
two-phase conditions. The transport of a high permeability co- 
efficient solute, n-amylpyridine, slowed the simultaneous transfer 
of pyridine through the system. Cumulative results indicate that 
the pH-partition theory is only a special case of a more general 
phenomenon. 
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phase (w/o/w) system, relationship to  pH-partition theory 0 
pH-partition theory-ffect on transport rates in three-phase 
(w/o/w) system 0 Absorption, drug-three-phase (w/o/w) model 
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In Part I (l), the three-phase diffusional model for 
transport of solutes was discussed. The significant inclu- 
sion of aqueous diffusion layers on both sides of the 
membrane led to transport behavior not predicted by 
the Brodie-Shore-Hogben pH-partition theory. This 
report outlines the development and results of key ex- 
periments, which establish the validity of the present 
transport model. 

EXPERIMENTAL 

Lipid Phases--Two lipid phases, oil-polymer mixtures in- 
corporated into fiber glass filter disks’, exhibited reasonably good 
stability when submerged in aqueous solutions of various pH 
values. These were a 2: 1 by weight mixture of triolein2 and acrylic 
resin” and a 3 : 1 mixture of heavy mineral oil4 and the copolymer. 
The disks, with a nominal pore diameter of 0.9 p and an average 
thickness of 500 p,  lent rigidity and geometrical reproducibility to  
the “membranes.” The polylaurylmethacrylate copolymer in- 
creased the gross viscosity of the lipid phase, which, nevertheless, 
presented a fairly low viscosity to  diffusing solutes a t  the molecular 
level. 

The polymer, which comes as a 50% solution in “mineral oil,” was 
separated out by repeated dilution with benzene, precipitation 

_ _ _ _ _ _ ~ ~ ~ ~ _ _ _ _ _ ~  ~ 

1 Versapor filter disks 6429, Gelman Instrument Co., Ann Arbor, 

2 K&K Laboratories, Inc., Plainview, N. Y. 
3 Acryloid 917, Rohm & Haas, Philadelphia, Pa. 
4 White Oil No. 31. Standard Oil of Indiana. 

Mich. 

Table I-Principal Buffers (for 2 I .  of 0.1 M Buffer) 

pH 8.00 pH 6.50 

0.7457 g. KH2P04‘ 
33.8815 g. K2HPOaa 
58.44 g. NaCP 

12,512 g. KH2P04“ 
18.822 g. K Z H P O ~ ~  
58.44 g. NaCP 

pH 5.00 pH 3.00 

8.658 g. K O H  
40.846 g. KHPhthaiated 
58.44 g. NaClb 
(or weigh out 0.2 mole 
of citric acid and 
titrate to pH 5.00 with 
potassium hydroxide) 

20.778 g. NaHC20ad 
5.386 g. Na2C20ad 

58.44 g. NaCP 
(or weigh out 0 . 2  
mole of citric acid 
and titrate to pH 
3.00 with potas- 
sium hydroxide) 

a J. T. Baker Chemical Co., Phillipshurg, N. J. b Mallinckrodt Chem- 
ical Works, St. Louis, Mo. c Baker & Adamson Reagent, Allied Chem- 
ical & Dye Corp., New York, N. Y. d Fisher Scientific Co., Fair Lawn, 
N. J. 

with acetone, and decantation of solvent. After the removal of the 
solvent by vacuum and heating a t  50” in a dry air oven, the glassy 
residue was weighed, redissolved in benzene, and mixed with the 
appropriate amount of mineral oil or triolein. The benzene was 
once again removed by vacuum and moderate heating. 

Aqueous Buffers-Table I lists the buffer systems used for aqueous 
phases of various pH values. All systems included 0.5 A4 NaCl as a 
swamping electrolyte to buffer ionic strength changes. Polyprotic 
buffers were chosen, so that: (a) essentially two forms would be 
present at  a given pH, thus providing input data for computer cor- 
relations, and ( b )  both species were ions. This latter requirement 
ruled out such systems as acetate and lactate. The free acid forms 
of these buffers could partition into, and diffuse through, the lipid 
membrane. 

Solutes-A series of alkylated pyridines was studied, covering a 
two orders of magnitude ran.ge of partition coefficient values. The 
parent compound, reagent grade pyridine5, was used without further 
purification. The alkylated derivatives2, with the exception of the 
4-n-amylpyridine, were redistilled under vacuum, the first frac- 
tion being discarded. All solutes were assayed by UV spectro- 
photometry6. 

Apparatus-Figure 1 depicts the apparatus used in the present 
studies. The center piece is of machined Teflon, reinforced on the 
outside with brass collars t o  minimize the deformation that occurs 
with this substance under pressure. The Teflon piece slides tightly 
onto ground-glass projections from the aqueous chambers and is 
adjustable for membranes of varying thicknesses. The available 
transport area is 7.89 cm.2. The jacketed aqueous chambers main- 
tain a constant 30” temperature from an  external water bath. 

Stirring of the aqueous phases was provided by 5.08 X 1.1-cm. 
(2 X 0.42-in.) magnetic stirrer bars driven by constant-speed high- 
torque motors7.*. The left or “source” chamber, when filled and 
sealed off, held about 330 ml.; the right chamber containcd 300 
ml. By using filter disks’ with a diameter of 37 mm., a nominal 
pore size of 0.9 p, an  estimated porosity of 0.87, and a measured 
thickness of 500 p ,  saturated with the oil-polymer mixture already 
described, an aqueous-lipid phase volume ratio of from 300 to 6Oo:l 
was realized, This ratio allowed steady-state transport conditions 
to  be attained without significant depletion of the source compart- 
ment. 

5 J. T. Baker Chemical Co., Phillipshurg, N. J. 
6 Perkin-Elmer-Hitachi 139, Hitachi, Ltd., Tokyo, Japan. 
7 Hurst Manufacturing Co., Princeton, Ind. 
8 Howard Electric Co., Detroit, Mich. 
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Figure 1-Two-cell apparatus used it1 three-phase transport studies. , 
The Teflon Centerpiece slides onto ground-glass projections on cells. 
The stopcock seals off  the left cell once it is completely filled. Sam- 
pling is from ihe right chamber. Cross-seciiorral transport area = 7.89 
cm.l. 

In an experiment, the source chamber was filled with 300 ml. of 
pyridine solution and the receiving chamber was simultaneously 
filled with 300 ml. of buffer solution. The right side was stoppered, 
and the source chamber was filled and sealed off (Fig. 1). Samples 
were removed periodically from the right side with replacement by 
buffer. 

EVALUATION OF PARAMETERS 

Quantitative correlation of experimental results with theoretical 
predictions by the model necessitated the determination of several 
parameters. Directly measurable quantities included: (a) aqueous 
phase pH values, ( b )  dissociation constants of solutes and buffers 
(at the ionic strength in the system), and (c) membrane thickness 
(5oCr.510 p). 

Effective Aqueous Diffusion Layer Thicknesses (TH1 and T H 3 b  
These parameters were determined in two different ways. The two- 

0 1 2 3 4 5 6 7 8  
TIM E/V,(t) 

Figure 2- -First-order uptake plots Of log (absorbuiireJabrorbatice~) 
versus time/colirme, (rime) /or rwo different inirial ( top = 0.01 %: 
bottom = 0.001 7; j concentrations ol' dinirrotoluetie. The ordinate is  
linear with the quantity: 

- AmenibraneDIF 
V., TH., 

where A = transport nren. Volrtmc. is included in the ubscissa to 
correctjbrsnmplc. remocnl. Drf- = 1.02 X CM.? sec.-I. 
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Figure 3--I/G versus 2lr.p.m. for the series r,fbenzoic acid diffusion 
runs through a siloer filter. The intercept, representing /he extrap- 
dared rate ar infinite stirring speed, is equal 10 (THZ/Dn' .A .AC) ,  
where Dw' = porosity X Dw + fortuosity, and A = rratisport 
areu. This, with Eq. 8 ol' the prerioiis paper ( I ) ,  was used 10 gioe THI + TH3 = 150 p at 150 r.p.m. 

phase method of Howard (2) involved following the initial first-order 
disappearance of a high partition coefficient solute from an aqueous 
phase into the lipid membrane. The slope of an In (C /CO)  cersus time 
plot is inversely dependent on the diffusion layer thickness. The 
aqueous diffusion coefficient of thesolute must be known. In the pres- 
ent three-phase system, separate uptake experiments were done on 
each side of the lipid-impregnated filter. Results for dini t rotol~ene~ 
(Fig. 2) and diethyl phthalatee uptake into a filter disk saturated 
with dibutyl sebacate'o indicate an  effective diffusion layer thickness 
of 60 i 10 p a t  150 r.p.m. on either side of the membrane. 

The method of Ginzberg and Katchalsky (3) leads to the total 
diffusion layer thickness on both sides of the membrane. This in- 
volves running aqueous diffusion experiments with the same solute 
over a range of stirring speeds and plotting the reciprocal of the 
transport rate cersus the reciprocal of the stirring speed, raised to 
some power such that the plot is linear. When (r.p.m.)-" = 0 ("in- 
finite stirring"), the contribution by the membrane may be obtained 
by extrapolation, making possible the calculation of the total dif- 
fusion layer thicknesses at  the experimental stirring speeds. 

The diffusion of benzoic acid" through silver filters12 was studied 
in the transport apparatus. For the 50-400-r.p.m. range, n = 1 gave 
the best linear fit in the present system (Fig. 3). The total aqueous 
diffusion layer thickness(TH1 + TH3) was estimated in this manner 
to be 150 p (2 X 75 p )  at 150 r.p.m. 

At 150 r.p.m., 60 p was used as the individual diffusion layer 
thickness; and in the light of the apparent inverse relation between 
stirring speed and diffusion barrier thickness in this particular 
apparatus, 180 p was used for 50-r.p.m. stirring conditions. 

Aqueous Diffusion Coefficients DW (Table 11)-The values of DW 
for the various pyridines were found, using the method of Gold- 
berg and Higuchi (4), with benzoic acid (Dw = 1.11 X as a 
standard. 
~ ~~ 

9 Eastman Organic Chemicals, Rochester, N. Y .  
10 Aldrich Chemical Co.. Inc.. Milwaukee, Wis. 
11 Baker & Adamson Reagent, Allied Chemical & Dye Corp., New 

1 2  Selas Flotronics, Spring House, Pa. 
York, N. Y. 
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Table 11-Pertinent Parameters Established for Solutes Studied 
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6 -  
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Solute 

I -  

Partition 
Coefficient 

Molecular In Mineral -Diffusion Coefficient- 
Weight Oil System A,,, (pH) pK'a Lipid Aqueous 

Pyridine" 
4-Methylpyridine" 
2-Ethylpyridineb 
4-Ethylpyridineb 
2-n-Propylpyridineh 
4-rr-Propylpyridineb 
4-rert-Butylpyridineb 
4-u-Amylpyridineb 

79.103 
93.13 

107.16 
107. I6 
121.18 
121.18 
135.21 
149.23 

0.275 
0.87 
3.11 
2.76 

22.9 
19.9 
28.7 

298 

256.25 (8) 
254.25 (8) 
261.25 (8) 
254.5 (8) 
261.75 (8) 
254.75 (8) 
254.75 (8) 
254.75 (8) 
252 (2.1) 

5.47 
6.25 
6.24 
6.24 
6.19 
6.25 
6.21 
6.22 

2.2-2.3 X 10-7 
1.4 x 10-7 
1.6 x 10-7 
1.2 x 10-7 

7.3-7.5 x 10-8 
8.9-9.1 X lo-' 
9.0-9.5 X lo-' 
6.9-7.8 X lo-' 

1.14 X 10-6 
1.08 X 10-6 
9.78 x 10-6 
1.00 x 10- 
8.84 X 10-6 i.aO X 10-6 
9.18 x 
9.45 x 10-6 

~~~ ~~ ~ 

a J. T. Baker Chemical Co., Phillipsburg, N. J. 6 K & K  Laboratories, Plainview, N. Y. 
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Figure 4-Release data for pyridine (pK'a = 5.47) diffusing through 
disks satirrutd with II mineral oil-acrylic resin mixture. The p H  of 
sumpling chumber wus 8.00. Numbers on lines indicate bulk p H  of 
source churnber. For this batch of lipid mixture, DL was calculated 
to be 4.2 X lo-'. 

Oil-Water Partition Coefficients ( K L H )  (Table 11)-Partition 
coefficients were obtained by equilibrating an aqueous phase (pH 
8) of the solute, at a concentration comparable to that used in 
the rate runs, with a suitable volume of the oil-polymer mixture. 
The aqueous phase was assayed before and after equilibration; the 
nature of the oil phase precluded its assay. The KLH values seemed 
to be reasonably independent of aqueous concentration, 

Lipid Diffusion Coefficient (DL)-This quantity was not directly 
measurable. A set of calibrating runs was done with the pyridines 
at pH 8, where they were essentially nonelectrolyte solutes. Equation 
8 in the previous paper (1)  was then used to solve for DL. The 
diffusion coefficient could be obtained in more complex situations 
by computer fitting. 

RESULTS 

Figures 4 and 5 show raw transport data for pyridine through the 
mineral oil-polymer and triolein-polymer mixtures, respectively. 
Lag times were on the order of 2 hr. The DL values calculated from 
this lag time value were an order of magnitude smaller than those 
obtained from steady-state rate data. However, the lag time de- 
creased to about 15 min. if the lipid disks were presoaked in plain 
buffer solution before the run; this procedure did not visibly affect 
the steady-state rate. Figure 6 shows rate-pH profiles for pyridine 
(slopes of Figs. 4 and 5). The data indicate negligible transport of 
the pyridinium ion. 

Figure 7 summarizes the results of runs for the uncharged pyri- 
dine derivatives diffusing through the lipid phase between aqueous 
phases of pH 8.00. All solutes were run at a concentration of 
M ,  except pyridine (3 x 1 0 - 2  M )  and the amyl derivative, which 

0 4  8 12 16 20 24 
t ,  HOURS 

Figure 5-Cumulative release data for pyridine transport through 
disks saturated with triolein-acrylic resin mixture. DL = 5.6 X lod7 
em.= see.-'. 

I 

3 4 5 6 7 a 
PH 

Figure 6-Summary of rate data from Figs. 4 and 5 for pyridine. 
Solid lines are: (a) titrution curves for pyridine (pK'a = 5.47)  andlor 
(6) computer-generated curves for the respeclive diffusiotl coefficients 
in the two lipidphases. 
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Figure I --Summary of data .for transport of a series of alkylated 
pyridines through the mineral oil a r y l i c  resin system. Rates are 
normoli:ed to correspond to a source compartment concetitratiotr of 
0.01 M. The abscissa is the permeability coejicietrt of the l ipid mem- 
hraw only aird is equal to (KLH)(DL)/THZ. The cplue o l th is  guantity 
is colculated using Eq. 8 of‘tlie precious paper ( I ) .  

had a solubility of 2.35 X M at pH 8. Resulting rates for 
these latter two solutes were normalized to correspond to M 
in the source compartment. Since the “experimental membrane per- 
meability coefficient” in Fig, 7 includes the lipid diffusion coef- 
ficient DL, obtained from the experimental rate and assuming the 
effect of the diffusion layers predicted by the model, the plot does 
not “prove” the model. What is directly apparent in Fig. 7, how- 
ever, is the effect of stirring rate on transport of the high partition 
coefficient solutes. The lipid diffusion coefficients derived here were 
used in further studies. 

Reasonable consistency was found in the data. For ti-amylpyri- 
dine runs a t  I50 r.p.m., given a value of 60 p for each of the aqueous 
diffusion layers (THI = TH3) and the experimental transport rate 
C, a value of 7.3 X lo-@ cm.2 sec.-] for DI., the ditfusion coefficient 
of the free base in the lipid phase, was calculated from Eq. 8 of the 
previcus paper ( I ) .  When similar runs were made at 50 r.p.m., the 
same value qf DL (7.3 X and the experimental G ,  inserted 
into Eq. 8 ( I ) ,  resulted in a calculated value o fTHl  = TH3 ranging 
from 170 to 200 p. The independently determined value of THI = 
TH3 at a stirring speed of 50 r.p.m. was 180-225 p .  

Figure 8 shows the effect of the sampling compartment pH in 
otherwise identical rate experiments with n-amylpyridine in a pH 

0 10 20 30 40 50 
MINUTES 

Figure 8-  -Diffusion of‘ amylpyridine (C = 2.25 X M )  through 
fhe mitteruf oil-arryfir resin system into aqueous phases of p H  8.00 
otrd 2.10. At! increase irr rote for the latter rase reJiects the elimitra- 
tion of [I sigtiifjrant portion of the total barrier (the right or serosal 
diffusion layer). 
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Figure 9 --The pH-rate profiles .for umylpyridine diffusing through 
the mitterd oil-acrylic resin mixture into aqueous phases of p H  8.00 
atid 2.10. Smooth curces are compriter-grrrerared lines ,for DL = 
7.3 X lo-@ crn.2 set.-'. Perfect ocerdlfittitrg was not obtained due 10 
the effect of the solute co~~ccntrat iot~ on the lipid ciscosity and, 
therefore, the diffusior~ roefticient. The top curve illustrates the pre- 
dicted situation (Brodie -Shore- Hogbetr prediction) where DL = 
7.3 X 

8.00 solution. As predicted by the model, the contribution of the 
diffusion layer on the sampling compartment side of the membrane 
is negated at  the low pH, creating pseudo-two-phase conditions. 
Since the aqueous diffusion layers are a sizable part of the total 
barrier presented to amylpyridine, with a partition coefficient of 
298, elimination of half of the total aqueous barrier increases the 
observed transport rate. About a 50% increase is seen in Fig. 8, 
indicating that the membrane still has an appreciable contribution 
to the total barrier. 

M) at various source com- 
partment pH’s, diffusing through the lipid phase into solutions of 
pH 8 and 2.10, respectively, gave the results shown in Fig. 9. The 
observed rates for transfer into pH 2.10 buffer are higher over es- 
sentially the entire source compartment pH range. Calculations for 

and the effect oJ aqueous diffusion layers is neglected. 

Runs with amylpyridine (2.25 X 
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Figure 10-Data for radiolabrled pyridine at 8.0 X M (0) 
diffusing tlirouglr the mineral oil -acrylic resin mixture from an aqueous 
phase of p H  5.10, utrd jor pyridine at the same concentration (0)  
diffusing in the presetrce of simultaneous transport of amylpyridine 
(2.10 X M, p H  5.10). 7he receptor phase in both instances was 
0.01 M HCI. The degree oJ‘Iowering (14 %) wos trot as great as pre- 
dicted by the model. 
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a system with very large buffer capacity, and therefore assuming 
that interfacial pH is equivalent to the bulk aqueous pH, show that 
all three curves in Fig. 9 would be identical for solutes with very 
low partition coefficient values. Under these experimental condi- 
tions, however, with bases having partition coefficients in the lo2- 
lo3 range, calculations showed that the upper two curves in Fig. 9 
(Brodie-Shore-Hogben prediction and the three-phase system with 
receptor phase of pH 2.10) should converge at low source phase pH 
and that the true three-barrier curve should always be below the 
other two curves. As the partition coefficient increases to very large 
values, the two-phase curve should fall below the Brodie-Shore- 
Hogben curve, which is based on a membrane barrier only. 

An apparent shift toward lower pH values for the pH 2.10 curve 
as compared to the pH 8.00 curve would be visible if the solute 
partition coefficient were high enough (5 ) .  Upon normalizing both 
lower curves in Fig. 9 to the same maximum rate, a slight shift 
(-0.1 pH unit) may be visible. For this instance, the T factor of  
Suzuki el al. ( 5 )  would be: 

(DwI(TH2) (9.45 X 10-6)(5.08 X T =  _ _ _ _ ~  = ~ 

(KLH)(THI)(Dr) (298)(1.80 X 10-2)(7.30 X lo-*) 
= 1.19 (Eq. 1) 

a value where a shift just became apparent in the two-phase model. 
M solution of tritiated pyridine13 in 0.7 M NaCl 

was adjusted to pH 5.10 with hydrochloric acid. Rate runs were 
made in the three-phase apparatus, through a disk containing the 
mineral oil-acrylic resin mixture, into pH 2.10 hydrochloric acid. 
One-milliliter samples were assayed using a liquid scintillation 
counter14. A toluene~5-octoxyno116-2,5-diphenyloxazole1~ scintilla- 
tion cocktail was used in the counting procedure. This particular 
mixture is intended for the counting of aqueous samples (6,7). 

M n-amyl- 
pyridine (nonradioactive) and the 8.0 X lop5 M tritiated pyridine, 
adjusted as before to pH 5.10. One set of data is shown in Fig. 10. 
As predicted by the model, the rate for pyridine is lowered in the 
presence of an excess of a base with a much higher partition co- 
efficient. In actuality, the degree of rate lowering (-14%) was lower 
than that predicted by the model (-4373 when the appropriate 
parameters were fed into the computer program. 

When a lipid-saturated disk was equilibrated in the apparatus 
with aqueous phases on both sides containing 2.10 X Mamyl- 
pyridine, however, and the 8.0 X M radiolabeled pyridine 
then was injected into the source chamber, the observed rate for 
pyridine transfer was some 3 0 z  greater than that for the same 
experiment without preequilibration with amylpyridine in both 
aqueous phases. It is believed that the high concentration (-0.6 M )  
of  the amyl derivative, when partitioned into the membrane, lowers 
the lipid’s viscosity and results in a lipid diffusion coefficient of 
pyridine about 3 0 z  greater than the previously determined 2.24 X 

cm.2 sec.-l. With a DL for pyridine of 3 X lo-’, good agree- 
ment between model and experiment was obtained. 

An 8.0 X 

A similar run was made with a mixture of 2.1 X 

DISCUSSION 

Two-phase in uitro systems were designed by Moore (8) and Ting 
et a/ .  (9). Three-phase apparatus were used by Rosano et al. (lo), 
Robertson and Bode ( l l ) ,  and Perrin (12) in in uitro transport 
studies. All systems shared one basic difficulty: instability of the 
interface. The V-shaped rocking apparatus, such as used by Reese 
et al. (13), was designed to minimize this turbulence, but it in- 
corporates oil-water interfaces whose areas change with time. The 
lipid phases in such systems are unreasonably large in comparison 
to the aqueous phases. Steady-state conditions are probably never 
reached; the relatively large lipid phases have the potential, if un- 
stirred, of storing most of  the solute introduced into the source 
aqueous phase, especially those substances with high partition 
coefficients. These lipid phases are most generally stirred, making 

1 3  Obtained from Amersham-Searle, Des Plaines, Ill. Specific activity 

1 4  Beckman LS 200, Beckman Instruments, Inc., Fullerton, Calif. 
l 5  J. T. Baker Chemical Co., Phillipsburg, N. J. 
16 Triton X-100, Rohm & Haas, Philadelphia, Pa. 
17 Packard Instrument Co., Inc., Downers Grove, Ill. 

was 151  mc./mmole. 

somewhat unclear the actual nature and magnitude of the lipoidal 
diffusion barrier. With rapid stirring of the lipid phase, the solute 
tends to “spill over” into the receptor aqueous phase. It is felt that 
this is not a realistic picture of the in uiuo barrier. The present ap- 
paratus does away with these difficulties by providing a more 
realistic lipid-aqueous phase volume ratio and a hydrodynamically 
stable interface. 

The experimental data obtained in this study outline the con- 
sequences of the existence of aqueous diffusion layers adjacent to 
the lipoidal membrane in the three-phase system. Without these 
additional barriers, the transport rate would be independent of 
stirring speed. Transfer rates, normalized to the same source com- 
partment solute concentration, would increase indefinitely with the 
partition coefficient18. The pH of the receptor aqueous phase would 
not affect the transfer rates of high lipid permeability coefficient 
solutes. The simultaneous transport of a high permeability solute, 
such as amylpyridine, would not slow the rate for a lower perme- 
ability weak base. It is, moreover, significant that all these effects are 
observed only when the aqueous diffusion layers represent a sig- 
nificant portion of the total barrier presented to  the diffusing solute. 

How important a role aqueous diffusion barriers play in the in 
uiuo state is yet to be determined. The buccal absorption data of 
Beckett and Moffat (14) provide some support, as do the toad 
bladder data of Rosen et al. (15). Additional verification and sup- 
port of the theory by careful in viuo studies are anticipated. 
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