
With these thoughts in mind, the shift factors were also plotted ac- 
cording to the W-L-F relationship (Eq. 6) in Fig. 6. The ideal W-L-F curve 
generated with the “universal” constants of C1 = 17.4 and Cp = 51.6 is 
also presented in Fig. 6 for comparison. The “universal” constants do not 
hold for many polymers, and it is apparent that  the experimentally ob- 
tained plot of log U T  uersus (T - TR) for anhydrous lanolin does not lie 
where the W-L-F relationship (with “universal” constants) predicts. The 
lack of fit of the experimental data with the W-L-F prediction also 
suggests that the transition is probably not a glass transition as most 
polymers that undergo a glass transition obey the W-L-F prediction. 

CONCLUSION 

It has been demonstrated that the energy of activation for the struc- 
tural changes occurring in the transition of anhydrous lanolin between 
10 and 1 5 O  can be calculated by a temperature-shear frequency reduction 
scheme and an Arrhenius-type relationship. The E,, which is -90 kcal, 
compares favorably with the magnitude of the E, of a high molecular 
weight polymer undergoing a glass transition. This comparison is sig- 
nificant when one considers the generally low molecular weight compo- 
sition of anhydrous lanolin. The magnitude of the E ,  for anhydrous 
lanolin suggests that  the intra- and intermolecular forces are as great as 
those in high molecular weight polymers. Hence, the nature of the 
functional groups and the chain length of the molecules determine the 
strength of the structure of the system. 

Overall, the experimental data suggest that  anhydrous lanolin 
undergoes a major mechanical transition between 10 and 15’. Both the 
ability to superpose modulus uersus shear frequency data and an E,  of 
90 kcal for the transition are characteristic of a glass transition, but other 
observations are not. As described in the preceding paper (51, these ob- 
servations are: a lower limiting value of the elastic modulus than would 
be expected for a glass transition, a slower rate of change of tan 6 with 
temperature about the transition than would be expected for a glass 
transition, and a lack of fit of experimental data to the W-L-F relation- 
ship. Rather than a sharp transition from a rubbery to an ordered glassy 
state, it appears that anhydrous lanolin undergoes a mechanical transition 
from a rubber-like state to a structural state which is less ordered than 
a glassy state. 
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Abstract  0 The reverse permeation of salicylate ion and the effect of 
bovine serum albumin on the permeation were studied in a sodium sali- 
cylate-sodium oxalate-water system. In passive transport the permeation 
flux of an ion is expressed by the linear combination of the two terms 
which represent the concentration and electric potential gradients. Be- 
cause the mobility of the sodium ion is greater than the oxalate ion, sa- 
licylate ion moves against the concentration gradient, and follows the 
electric potential gradient in the initial stage of permeation. The reverse 
permeation of salicylate ion through a cellulose membrane was acceler- 
ated with a high ratio of oxalate to salicylate ions and 
reached a maximum value after 10 hr in the absence of bovine serum al- 

bumin. After reaching a maximum value, the salicylate ion permeated 
along the concentration gradient. The maximum concentration efficiency 
was 11.2%. In the presence of bovine serum albumin, the reverse per- 
meation of salicylate ion reached a maximum value after 3 hr. 

Keyphrases 0 Reverse permeation-of salicylate ion with oxalate ion, 
through a cellulose membrane, Protein effect on Permeation flux 0 Sa- 
licylate ion-permeation through a cellulose membrane, concentration 
by oxalate ion, Protein effect on permeation flux Oxalate ion-per- 
meation through a cellulose membrane with salicylate ion, protein effect 
On permeation flux 

Most organic drugs dissociate in aqueous solutions and 
exist in ionic forms under biological conditions. Salicylate 
ion, one of the most commonly used drugs for analgesia, 
displaces other drugs such as the sulfonylureas (1) and 
sulfonamides (2), from the binding sites of the serum pro- 
teins. It has been reported that the absorption of salicylic 

acid is 61% in 0.1 N hydrochloric acid, 13% in sodium bi- 
carbonate (pH 8) from the rat stomach (3), and 60% in 
physiological solution from the rat intestine (4). Effect of 
buffer constituents on salicylate absorption was studied 
with everted rat intestine and the inhibitory effect of po- 
tassium ions was reported (5-8). Since a variety of sub- 
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Table I-Electric Potential Differences (BE)  300 A - 
l\4 

Y I \. 

0- 10 20 30 
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Figure 1-Permeation o f  salicylate (O),  oxalate (a), and sodium (A) 
ions. Initial concentration of sodium salicylate in compartments I and 
II  was 100 mM; concentration of sodium oxalate in compartment I was 
50 mM.  Open figures represent compartment I; closed figures represent 
compartment II .  

stances are added to control the physical and physiological 
conditions of drug solutions, the absorption of drugs is 
affected by these multi-ionic components. 

In passive transport a t  constant temperature, the 
membrane permeation flux of any ion (Ji) is given by the 
following equation which consists of two terms involving 
the concentration gradient and the electric potential gra- 
dient (9): 

J i  = -Di(6[i]/ax) - BiZj[il(F/N)(6E/6~) (Eq. 1) 

where [i] is the concentration of an ion i, E is the electric 
potential, and n is the coordinate taken in a direction of 
the permeation flux. Di, Bi, F, N, and Zi are the diffusion 
coefficient, the mobility, the faraday, Avogadro’s number, 
and the valence of the ion, respectively. For the steady 
state of permeation, the following equation was derived 
from Eq. 1 (9): 

where b] is the concentration of the coexisting ion j .  Thus, 

z 1 2 r  

L ” 0  10 20 30 
HOURS 

Figure 2-Reverse permeation of salicylate ion. Initial concentration 
of sodium salicylate in compartments I and I1 ulas I0 mM; concentration 
of sodium oxalate in  compartment I was 50 m M. Data points shoul the  
mean concentrations; standard deviations of four runs are indicated 
as bars on the  data points. Key: (0) compartment I ,  (0) compartment 
I I ,  and (- - -) values predicted f rom Eq. 5. 
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the apparent diffusion coefficient (0;) is expressed as 
follows (10): 

where K is the Boltzmann constant, T is the absolute 
temperature, and 2 means a sum of all ions. If the second 
term in the bracket is >l ,DI is negative and reverse dif- 
fusion is observed in simple inorganic systems (10,ll). 

In this report, the reverse permeation of salicylate ion 
was studied in a sodium salicylate-sodium oxalate-water 
system. Since oxalic acid is injected intravenously as a 
hemostatic agent for animals, sodium oxalate was used as 
a coexisting anion in this model system. The reverse per- 
meation of salicylate ion was also studied in the presence 
of bovine serum albumin. Due to the reverse permeation, 
salicylate ion was concentrated in one compartment of the 
permeation cell. The concentration efficiency of salicylate 
ion varied with the concentration of oxalate ion. 

EXPERIMENTAL 

Materials and Permeation Procedures-The cellulose membrane 
used was 35-pm thick seamless cellulose tubing1 purchased from a 
commercial source. Sodium salicylate, sodium oxalate, and sucrose were 
analytical grade2. Bovine serum albumin was purchased from a com- 
mercial source3. Distilled and deionized water was used for all experi- 
ments. 

Permeation of salicylate ion was measured in four cells, as previously 
described (12). Each cell compartment was stirred by a magnet at  -900 

5t J- 

“ I  
-1 5; 1 I I 

10 20 30 
HOURS 

Figure 3-Permeation flux of salicylate ion. Initial concentration of 
sodium salicylate and sodium oxalate are as shown in  Fig. 2. Key: (J,) 
total flux ofsalicylate ion, (J,) flux of concentration gradient, (Je) flux 
of electric potentialgradient, and (0) as calculated by Eq. 4. 

LTnion Carbide Corp., New York, N. Y. 
M’ako Pure Chemical Industries, Osaka, .Japan. 
Sigma Chemical Co.. St. Louis, Mo. 
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Table 11-Initial Concentrations of Simple Permeation 
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Figure 4-Concentration efficiency of salicylate ion. Initial concen- 
trations of sodium salicylate and sodium oxalate for fa) and (b) are as 
shown in Figs. 1 and 2, respectively. 

rpm a t  25 f 0.1'. In the presence of bovine serum albumin, the perme- 
ation of salicylate ion was followed in a cell where the volume of com- 
partments I and I1 were 15.4 and 14.3 cm3, respectively, and the mem- 
brane area was 3.19 cm2. Sucrose was added to the solution without bovine 
serum albumin to make it isotonic. Both compartments were stirred a t  
-900 rpm a t  10 f 0.1O. The initial concentration of sodium salicylate was 
either 100 mM in both compartments with a 50 mM sodium oxalate so- 
lution in compartment I, or 10 mM in both compartments, with a 50 mM 
sodium oxalate solution in compartment I. 

Analysis-Salicylate ion was analyzed by second differential ab- 
sorption spectroscopy using a double-beam spectrophotometer' equipped 
with a derivative unit5. The second differential absorption spectrum (AX 
= 4 nm) of the salicylate ion can be separated from that of oxalate ion. 
Sodium ion was analyzed with a flame photometefi. The concentration 
of oxalate ion was calculated from the difference of the concentrations 
of salicylate and sodium ions, on the assumption that the solution was 
electrically neutral. The diffusion potential through a membrane was 
measured with a DC-microv~ltmeter~ and calomel electrodes8 using 3.3 
M KC1 agar bridges which contacted both cell compartments. 

RESULTS AND DISCUSSION 

The permeation of salicylate through a cellulose membrane in a mixed 
solution of sodium salicylate and sodium oxalate was measured at various 
times. The change in the concentration of ions where the initial concen- 
tration ratio of oxalate to salicylate in compartment I was 0.5, is shown 
in Fig. 1. The difference in concentration of salicylate ions in both com- 
partments was zero a t  the initial stage of permeation and reached a 
maximum value after 10 hr. At this stage, salicylate ion was moving 
against the concentration gradient, i .e.,  the salicylate ion concentration 
was increasing in compartment 11. After the maximum reverse perme- 
ation, the concentration of salicylate ion reached the equilibrium con- 
centration, equal to the initial concentration. 

Assuming that the concentration gradient in the membrane is linear, 
the permeation flux can be calculated by the following equation (instead 
of Eq. 2): 

(Eq. 4) 

where f is the membrane constant, I, is the thickness of the membrane, 

Model UV-180, Shimadzu Seisakusho, Kyoto, Japan. 
Model DES-2, Shimadzu Seisakusho, Kyoto, Japan. 

Model PM-lBC, Toa Electronics, Tokyo, Japan. 
fi Type 205, Hitachi, Tokyo, Japan. 

8 Type 2OlOA, Hitachi-Horiba, Tokyo, dapan. 

~ 

Sodium Salicylate, Sodium Oxalate, 
Typea Compartment mM mM 

a I 
I1 

b I 
I1 

C I 
I1 

0.2 
0.4 ~~ 

0.2 
0.4 
0.2 
0.4 

90 
10 
10 
90 
50 
50 

0 Taken from the text. 

and hi is a coefficient for the activity coefficient ( y l  ) of the ion such that 
hi = 1 + dlnyi/bln[i]. Using the Guntelberg equation (13) for y, ,  the 
concentration of salicylate ion in compartment I1 was calculated by: 

[s]{:'' = [s]~I + J,A~/VII (Eq. 5) 

In this calculation, [s]f~ and [s]ffAf are the concentrations of salicylate 
ion in compartment I1 after t and t + A t  hours, respectively, J ,  is the 
permeation flux of salicylate ion, A is the membrane area, and VII is the 
volume of compartment 11. The constant (f), obtained with calcium 
chloride, was 0.0573. Bi values for salicylate, oxalate, and sodium ions 
were 2.33 X 108,2.35 X 108, and 3.24 X 108 (cm sec-l dyne-'), respectively, 
which were calculated from limiting equivalent conductivities (14) ac- 
cording to Wendt (15). Observed and calculated values are shown in Fig. 
2 when the initial concentration ratio of oxalate to salicylate ions was 5. 
Since the sampling time interval in the initial stage was long compared 
with the permeation rate, the first permeation flux of salicylate ion was 
sooner than estimated. Therefore, calculated concentrations are smaller 
values than expected because of the cumulative addition in Eq. 5. 

To clarify the difference between observed and calculated values, the 
electric potential differences (AE) were measured (Table I). Assuming 
that the potential gradient in the membrane is linear (dE/dx = AE/L), 
permeation flux due to the electric potential gradient (J,) can be calcu- 
lated using the following equation instead of the second term in Eq. 4: 

J ,  = -fBiZihi [i](F/N)(dElbx) (Eq. 6) 

Adding J ,  to the permeation flux due to the concentration gradient (J,) 
calculated by the first term in Eq. 4, the total flux of salicylate ion is ob- 
tained, as shown in Fig. 3. In this case, the calculated values are in good 
agreement with the observed values. The negative total flux indicates 
reverse permeation, which is at a maximum when the total flux is equal 
to zero. 

To compare the reverse permeation of salicylate ion under different 
conditions, a mean concentration (m) and a mean value of concentration 
change (m) of the salicylate ion were calculated by: 

and 

0 
0-0- -0 - 0- 

(a) 

0 1 2 3 4 5 
HOURS 

Figure 5-Concentration gradient effect. Initial concentrations of so- 
dium salicylate and sodium oxalate for (a), (b), and (c) are shown in 
Table II. 
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Figure 6-Reverse permeation of salicylate ion in the presence of bovine 
serum albumin. Initial concentrations of sodium salicylate in com- 
partment I and II  were 0.2 and 0.4 mM, respectiuely; bovine serum al- 
bumin (0.1 mM) was dissolved in comparment I I .  Key: concentration 
of salicylate ion in compartment I when initial concentration of sodium 
oxalate in both compartments was 50 mM (0); concentration of sali- 
cylate (0) and sodium (0 )  ions in compartment I when initial con- 
centrations of sodium oxalate in conzparments I and I1 were 0 and 50 
mM, respectively. 

where [sly and [sly, are the initial concentrations of salicylate ion and [s]I 
and [sJfr are the concentrations after time t in the indicated compart- 
ments. VI and VII are volumes of compartment I and 11, respectively. In 
this study, the compartment of the permeation cell with a higher total 
concentration of salicylate ion is designated as 11. 

The efficiency of concentration ( R )  was calculated by: 

R=-m s /m (Eq. 9) 

Since the numerator in Eq. 9 is negative due to the reverse permeation, 
a minus sign is added to the right-hand side of Eq. 9 to obtain a positive 
value for the efficiency of concentration. R-values a t  10 hr were 6.1 and 
11.2% when the initial concentration ratios of oxalate to salicylate were 
0.5 and 5, respectively (Fig. 4). 

To confirm the concentration gradient effect of the oxalate ion, the 
permeation fluxes of salicylate ion were measured under three different 
conditions: (a) the opposite direction from the concentration gradients 
of salicylate and oxalate ions, ( b )  the same direction as the concentration 
gradients, and (c) no concentration gradient of oxalate ion (Table 11). The 
concentration ratio of oxalate to salicylate was greater than that used 
previously (Fig. 2) in order to obtain significant values for the permeation 
fluxes. The simple permeation of salicylate ion was accelerated most with 
both concentration gradients in the same direction (Fig. 5). 

in the presence of bovine serum albumin, when the concentration of 
oxalate in both compartments was the same ( ix . ,  no concentration gra- 
dient of oxalate), a significant concentration change of salicylate was not 
obtained under the experimental conditions (Fig. 6). The slow permeation 

of the salicylate ion was due to the small membrane area and small con- 
centration gradient. The concentration of unbound salicylate ion in 
compartment I1 would be lower than that in compartment I because of 
protein binding, which can be estimated by the binding parameters (16). 
Salicylate ion permeated from compartment I1 to I against the concen- 
tration gradient, with a greater concentration gradient of oxalate ion. 
Since i t  has been shown that association constants >1 X 104 M-1 affect 
drug distribution (17), salicylate ion bound on the secondary binding sites 
of bovine serum albumin can permeate with the electric potential gradient 
based on the oxalate concentration gradient. The reverse permeation 
reached a maximum value after 3 hr in the presence of bovine serum al- 
bumin. The concentration of salicylate ion in compartment I decreased 
after the maximum and approached the lower concentration (0.191 mM) 
which was obtained after 72 hr, as shown by the dotted line in Fig. 6. The 
concentration of sodium ion in compartment I showed that  the solution 
had not equilibrated after 30 hr. 

Organic drugs permeate through biomembranes mainly in their un- 
charged forms. If the same mechanism is applicable to biological systems, 
salicylate ion may be concentrated on the membrane boundary with the 
concentration gradient of coexisting ions. Assuming that  the effective 
pH at the site of drug absorption is 5.3 (181, uncharged salicylic acid would 
be concentrated more on the membrane boundary than in the intestinal 
contents. When salicylate is coadministered with a weakly acidic drug, 
then the permeation rate of salicylate determined by dialysis techniques 
will vary with the concentration gradient of the coexisting drug. 
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