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Abstract 0 In the framework of the development of drug delivery 
systems for locally administered contraceptive drugs, a reliable 
method that can afford quantitative evaluation of drug absorption 
behavior was explored using the rabbit doe. A system was con- 
structed based upon perfusing the drug solution in the vaginal 
tract. For this purpose, a “rib-cage”-type cell was constructed and 
surgically implanted in the rabbit prior to an experiment. The pri- 
mary purpose of the present paper is to evaluate the method, in- 
cluding the surgical operation and the perfusion system. The ab- 
sorption experiments were carried out using n-butanol-l-14C as 
the model solute to survey the reproducibility of the absorption 
behavior. Experiments were conducted with a number of rabbits 
on several successive days to determine the day-to-day and ani- 
mal-to-animal variations. The drug disappearance in the reservoir 
followed first-order kinetics from which the apparent permeability 
coefficient was calculated. The results indicated that a set of ex- 
periments may be carried out on a single animal and that the 
method generally affords rather high precision. 
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The development of reliable contraceptive systems 
intended for local vaginal administration will require 
in large measure the understanding of the complex 
processes of drug absorption and interactions be- 
tween the drug delivery device (formulation) and the 
vaginal tract. For the drug delivery process, the fol- 
lowing may be considered as critical: (a) the release 
of drug, ( b )  the permeability of the vaginal mem- 
brane, ( c )  drug transport to the site of action, and (d )  
drug reaction with the “bioreceptor.” 

From current studies of drug transport across the 
buccal membrane (1, 2), the intestinal mucosa (3, 4), 
and skin (5), which appears to be morphologically 
similar to the vaginal membrane, it may be inferred 
that either the release or the absorption steps can be, 
and likely are, the determinants of the relative bio- 
logical activities within a given class of compounds. 
For certain drug delivery systems ( e .g . ,  the silicone 
matrixes), the mechanisms for drug release are now 
reasonably well understood (6, 7). In contrast, little, 
except for some grossly qualitative information (8- 
lo), is available on the rates and mechanisms of mass 
transport in the vagina. Without a more rigorous def- 
inition of this step in the total drug release and ab- 
sorption picture, the rational drug delivery in the va- 
ginal tract is not possible. In other words, an under- 
standing of the mechanism of drug transport and in- 

teractions subsequent to the release from the vaginal 
device should make possible the a priori develop- 
ment of maximally effective contraceptive drug de- 
livery systems. 

The purposes of the present report are to describe 
and assess a method for the determination of vaginal 
permeabilities, using the rabbit doe as the prototype 
animal and n-butanol as a test compound. 

EXPERIMENTAL 

Animals-Mature female New Zealand White rabbits (7-9 
months old, 4.5-5.0 kg), which were parous, were used. With this 
weight range, the vaginal tract was about 2 cm in diameter and 8 
cm in length, with relatively uniform dimensions. The rabbits were 
maintained in a temperature-controlled room (25’) with free ac- 
cess to water and normal pelleted food diet, 

Perfusion System-The perfusion system consists of two sec- 
tions (Fig. 1). The first includes the “rib-cage’’ cell, surgically im- 
planted in the vaginal tract, and the fenestra rotunda (Figs. 2 and 
3). The second section is maintained on the laboratory bench and 
involves a rotating and reciprocating pump’ and a constant-tem- 
perature solution reservoir. The entire perfusion path in the sys- 
tem is of glass tubing and stainless steel material, except for the 
portions between the cage and the fenestra rotunda, which was 
polyethylene tubing2. The washing device and drain bottles are 
connected through two three-way stopcocks to  the reservoir. Dur- 
ing the experiments the two sections are securely attached to pro- 
vide a closed system for perfusion. 
Rib-Cage Cell-The rib-cage cell was designed to fit the rabbit’s 

vaginal dimensions in a way that provides a constant volume and 
surface area in the absorption compartment (Fig. 3). The cell was 
constructed with two smoothened Teflon endings connected by 
eight stainless steel rods. The geometrical volume and surface area 
enclosed by this cell and surrounding vaginal wall are 8.1 cm3 and 
22.5 cm2, respectively. The stainless steel inlet and outlet for the 
perfused solution were installed through one Teflon ending, 
from which polyethylene tubings were led to the fenestra rotunda. 
Because of anatomical obstruction, the rib-cage cell could not be 
inserted intravaginally. Thus, the cell had to be implanted surgi- 
cally into the vaginal tract. 

Fenestra Rotunda-The fenestra rotunda, made of a medical 
grade silicone rubber sheet3, was intended to provide a connection 
shut-off route between the two sections of the perfusion system 
(Fig. 3). It also assists in positioning the rib-cage cell in the vaginal 
tract. The solution is perfused through the rib-cage cell through 
the stainless steel inlet and outlet of the fenestra rotunda, which is 
permanently fixed on the abdomen of the animal. 

Procedure fo r  Implantation of Rib-Cage Cell-The proce- 
dure for the implantation of the cell involved a surgical operation 
near the cervical end of the vaginal tract (Fig. 2). For the operation 
the rabbit was anesthetized with pentobarbital, and the abdomen 
was clipped and sterilized with iodine tincture. A central line inci- 
sion of 6-7 cm in length was made in the lower portion of the abdo- 
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Figure 1-Diagram of perfusion system. Key: a, rib-cage cell; b, perfusion pump; c, reservoir of solution; d, magnetic stirrer; e, 
three-wav stopcock to returninrr and drain; f. three-wav stopcock to circulating a n d  washing; g, reservoir of washing solution; h, . .. I _  

drain beaker;hnd i, fenestra ro&nda. 

men, exposing the vaginal tract. Then the wall of the upper part of 
the vagina (about 0.5--1 cm from cervixes) was opened to an ap- 
propriate length to insert the rib-cage cell, which was soaked and 
sterilized in advance in a surgical anti-infection solution. The in- 
cised surface of the vaginal wall was then closed by stitching with 
surgical gut suture (0-0). The polyethylene tubes passing through 
the vaginal wall were properly adjusted in length and led to the 
fenestra which, in turn, was positioned and stitched onto the ab- 
dominal surface. A silk string was led from the rib-cage cell along 
the polyethylene tubes and tied to the fenestra rotunda to prevent 
the cell from slipping when the rabbit assumes the normal position 
after the operation. The string also serves to minimize the tension 
on the polyethylene tubings. After the operation, an oxytetracy- 
cline hydrochloride solution was injected (10 mg/kg im) to prevent 

n Penestra R o t u n d a  

systemic infections. The whole perfusion system was then irrigated 
by a normal saline solution to remove blood left from the opera- 
tion. This also served to confirm that the perfusing solution was 
able to circulate freely throughout the system. 

Theoretical  Analysis of Circulation Dynamics fo r  Perfu- 
sion System-The perfusion system basically consists of a rib- 
cage cell, a reservoir of solution, and a pump (Scheme I). Compart- 
ment I in Scheme I is the reservoir of external solution where drug 
samples are taken, and Compartment I1 is the solution of the rib- 
cage cell in the vagina. 

The purposes of the following mathematical description and 
analysis of the perfusion system are to determine: (a) the lag time 
after which the circulation dynamics of the system are a t  steady- 
state, ( b )  the steady-state relationship of the drug solution in the 
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Figure 2-Position of implanted rib-cage cell i n  vaginal tract. 
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Figure 3-Surgically implanted parts. Left: fenestra rotunda 
with the stainless steel inlet and outlet. Right: rib-cage cell 
with polyethylene tubings and silk string attuchments. 

external sampling compartment to that in the vaginal compart- 
ment a t  any time, and, consequently, (c) the steady-state vaginal 
absorption rate constant. Equations 1 and 2 give the rates of 
change in the concentrations of Compartments I and II, respective- 
ly: 

(Eq. 1) 

where CI and CII are the concentrations of Compartments I and 11, 
respectively; R ,  (cubic centimeters per second) is the circulating 
rate of the solution; V I  and VII are the volumes of Compartments I 
and 11, respectively; and P f  (cubic centimeters per second) is the 
absorption rate coefficient which corresponds eventually to the 
apparent permeability coefficient of the vaginal mucosal mem- 
brane. The total concentration change of drug in the perfusing 
solution can be given by: 

(Eq. 3 )  

where Ct is the total conceqtration in the perfusing solution, and 
Vt is the total volume of the perfusing solution (VI + VII). 

For a two-compartment linear system, the equations of the sys- 
tem are two simultaneous first-order linear differential equations 
in two variables. The solution for these equations is given by: 

where: 

and K1 and Kz are determined by the initial conditions. From the 
initial conditions, CI = CO and CII = 0 a t  t = 0. Therefore: 

(Vim, - R,)C, ,  
m2 - m ,  

K _-- 
1 -  

vaginal membrane 

ri b-cage 

- Rr 
Scheme I 

where CO is the initial concentration. 

their ratios: 
After substituting Eqs. 8 and 9 into Eqs. 4 and 5 and then taking 

t Eq. 10) 

where: 

p I  = R , ( V , m ,  - R , )  (Eq. 10N) 

p ,  = R , ( R ,  - V,rn, )  (Eq 1 0 h )  

9 ,  = ( V l m L  - R , ) ( R ,  - Vim,) (Fc. 10c) 

q L = ( R /  - V l m , ) ( R ,  - V i m , )  (Eq.  10d) 

Accordingly, the relationship between CI and CII can be expressed 
as: 

qle + q,e 

p2e " ' I  + p , e  m l r  

C,, = (,I (Eq. 11) 

Substituting Eq. 11 into Eq. 3: 

P ,  (qre~"" + q , e  " 1 ' )  

V l ( p , e ~ " ? '  + p , ~  " 3 ' )  + V l l ( q L e  "I-' + q , r  '''1') 

- ( - 1  
dCi 
d t  

( Eq. 12) 

After a lag time, the circulation dynamics of the perfusion system 
will be a t  steady state so the ratio CII/CI in Eq. 11 converges to 
q z / p z .  Also, a t  steady state Eq. 12 reduces to: 

( E q .  13) 

(Eq.  14) 

where k is the first-order rate constant. 
Under the condition where the perfusion rate, R,, is much great- 

er than the membrane absorption rate, P f ,  it may be assumed that 
the rate change of Compartment I equals that  of Compartment 11; 
that is: 

Figure 4-Layout of perfusion system during an absorption 
experiment. 
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Table I-Influence of Perfusion Rate to Concentrat ion 
Difference between Compar tmen t s  I and I1 a n d  t o  the 
First-Order Rate Constant"  

35 0.38 75 1.38 1.31 5.34 X 
0.038 105 1.038 1.03 6.47 X 

25 0.54 105 1.54 1.45 4.94 x 10-3 
0.054 165 1.056 1.04 6.41 X lo-' 

0.090 180 1.090 1.07 6.28 X lo-' 
15 0.90 150 1.90 1.77 4.17 X 

0 For these calculations, these dimensional constants were used: kmax - 
( P f / V t )  = ( A D / V t h )  = 6.62 X 10-2 m - 1 ,  A = surface area (22.5 cm*), 
D = diffusion coefficient in aqueous phase (1 X 10-6 cms/sec), h = thickness 
of aqueous diffusion layer (10-3 cm), VI = volume of Compartment I (26 
cm'). and Vii = volumeof Compartment I 1  (8 cm3). 

or: 

When substituting Eq. 13 into Eq. 1: 

According to the assumption, the second term of the denominator 
of the first-order rate constant would be negligible so that the rate 
of change in drug concentration in the external sampling compart- 
ment would be principally due to absorption by the vaginal mem- 
brane. 

From Eq. 2, the rate change of the concentration of Compart- 
ment II should be negative for all time and therefore 1 ,< 
(Ci/Cii) < 1 + ( P , / R , ) .  The upper limit of the concentration 
ratio between Compartments I and I1 could be estimated from the 
introduction of reasonable values for the exposed area, the diffu- 
sion coefficient in the aqueous phase, and the thickness of the 
aqueous diffusion layer (unstirred aqueous layer) into Pf according 
to  the physical model study of membrane transport (11). 

Table I shows the influence of the perfusion rate to the first- 
order rate constant and to the concentration difference between 
the external sampling compartment and the rib-cage cell compart- 
ment. The ratio between CI and 9 1  becomes constant after a cer- 
tain lag time and its magnitude is dependent upon the perfusion 
rate constant, Rj, relative to the absorption rate constant as de- 
scribed by P/. 

Under the maximum absorption rate situation where the maxi- 
mum rate constant k,,, = 6.62 X sec-*, the ratio CI/CI~ = 
1.31 when R/ = 35 ml/min and CIICII = 1.45 when Rf = 25 ml/min. 
This maximum absorption rate would correspond to the situation 
in which the rate is governed by the unstirred aqueous layer in 
front of the vaginal membrane and not by the vaginal membrane 
itself. A conservative value of 10 Fm thickness for the unstirred 
layer is employed in the calculations. On the other hand, when the 
absorption rate constant is indicative of a more membrane-con- 
trolled case, i.e., k = 6.62 X sec-I, the ratio C I / C ~ ~  is more 

Table 11-Apparent Permeabili ty Coefficients", Pap,, of 
Vaginal Absorption for n-Butanol (Rabbit 1) 

PaPp (cm/sec) X lo4 
Fi r s t  Second 

D a y  Experiment  Experiment 

1.91 
1.95 
2.09 
2.18 
2.18 

1.65 
2.21 
1.98 
2.69 
2.50 

a Arithmetic mean = 2.13 f 0.28 SD. 
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Table 111-Apparent Permeabili ty Coefficientsa, Pap,, of 
Vaginal Absorption for  n-Butanol (Rabbi t  2) 

P,,, (cm/sec) x 104 

F i r s t  Second 
D a y  Experiment  Experiment  

1 2.07 
2.07 2 

3 
4 
5 2.04 

- 
- 

1.67 
2.28 
- 
- 
1.55 

0 Arithmetic mean.= 1.94 f 0.26 S D .  

nearly unity a t  a perfusion rate of 35 ml/min. Thus, the apparent 
first-order absorption rate constant (uncorrected for perfusion rate 
effects) will be 6.47 X sec-'. In 
conclusion, this type of analysis aids in determining the appropri- 
ate perfusion rates for the different situations in the experiment to 
follow. 

Procedure for Absorption Studies-The absorption experi- 
ments were carried out on 5 successive days starting 3 days after 
surgery. On each day, two successive experiments were conducted 
with each rabbit. This procedure allows more experiments to be 
conducted within a short period without exhausting the animal. 

The rabbit was anesthetized with sodium pentobarbital, 25-50 
mg/kg, and connected to the perfusion system through the stain- 
less steel inlet and outlet of the fenestra rotunda (Fig. 4). A heat- 
ing pad was kept under the rabbit to maintain body temperature 
during the experiments. The vagina was then washed by perfusion 
with a normal saline solution for 10 min a t  a flow rate of 35 ml/ 
min. Then the saline was replaced by the buffer solution to be used 
in the experiment and the washing was continued for an additional 
5 min. The buffer was 0.115 M phosphate buffer (pH 6.0) made 
isotonic with sodium chloride. 

With the system filled with buffer solution, the stopcocks were 
switched to  introduce the reservoir and its contents (20 ml of buff- 
er) into the system and the perfusion was started. All perfusion ex- 
periments were carried out under the flow rate of 35 ml/min a t  
3 7 O .  Two minutes later, an aliquot of a saline solution of n-buta- 
n ~ l - l - ' ~ C  was rapidly injected into the reservoir and the first sam- 
ple (zero time) was then taken after 2 min more. The losses in 
the butanol concentration were followed by taking 0.05-ml samples 
from the reservoir every 10 rnin for about 1 hr. After the first ex- 
periment on each day, the system was emptied of the drug solution 
and washed with saline for 15 min and then with the buffer solu- 
tion for an additional 5 min. This washing procedure was sufficient 
t o  remove all drug from the system. A sample taken from the res- 
ervoir before starting the second absorption experiment showed 
that no drug was present. The butanol activity in the samples was 
determined by means of a liquid scintillation counter4 using diox- 
ane solution5. 

sec-I instead of 6.62 X 

0.5 ' I I 

0 10 20 30 40 50 60 70 80 90 
MINUTES 

Figure 6-Typical plot of the concentration change in the 
sampling reservoir as a function of time showing the first-order 
Kinetics. 

Beckman LS 200. 
The solution consisted of: 2,5-diphenyloxazole, 8 g; naphthalene, 100 g; 

and dioxane, q.s., loo0 ml. 



Table IV-Apparent Permeability Coefficients", Pap,, of 
Vaginal Absorption for n-Butanol (Rabbit 3) 

P,,, (cm/sec) x 104 

First Second 
D a y  Experiment Experiment 

2 . 1 1  
1 . 7 1  
2 .17  
2 . 3 8  
2 .37  

2 . 1 6  
2 . 1 0  
1 . 8 0  
2 . 3 0  
2 . 2 5  

(1 Arithmetic mean = 2.13 f 0.21 SD. 

RESULTS AND DISCUSSION 

General Observations-Some general observations were made 
on the state of the animals after surgery and during the experi- 
mental period. The rabbits behaved normally in their actions and 
discharged urine and stool as usual. Losses in body weight of up to 
10% were generally observed for the first 2-5 days after surgery. 
However, after this period, most animals showed an improvement 
in appetite and some began to gain weight. The abdominal incision 
wound showed considerable healing during this period. After com- 
pletion of the perfusion experiments, the animals were sacrificed 
and the site of the surgery was examined. Conglutination was 
found in the area, indicating normal recovery after surgery and the 
regaining of normal blood circulation in the area. The vagina itself 
appeared normal except for what appeared to be a slight thicken- 
ing of the wall. 

In the initial design, the supporting stainless steel ribs of the 
rib-cage cell were covered with medical grade polyethylene tub- 
ing*. However, in these instances, inflammation (congestion and 
bleeding) of the mucosal surface of the vaginal tract was observed. 
In all subsequent perfusion experiments, the polyethylene sleeve 
was not used and no abnormalities were observed. 

One important assumption in the design of the rib-cage cell was 
that the cell would form a leaktight chamber with the vaginal walls. 
This appeared to always hold true, since the volume of the perfu- 
sion solution remained constant with time. The success achieved 
may be attributed to the combination of having the cell dimen- 
sions matched to those of the vagina and of having negative pres- 
sure in the absorption chamber during the perfusion runs. 

Although isotonic solutions were used in the absorption experi- 
ments, the possible net transfer of water with time was also deter- 

Table V-Buffer Systems" Employed in Assessing the Effect 
of pH and Buffer Species on Membrane Permeability 

pH 3.0 
Citrate Phosphate Biphthalate Buffer: 

Citric acid 16.81  g biphthalate 

N a 2 H P 0 4  7 . 1 2  g 
10 N NaOH to adjust  

Citrate Buffer: Phosphate Buffer: 

10 N NaOH to adjust  

Buffer: Potassium 10.21 g 

monohydrate 1 .O N HC1 21.8  ml 

pH 6.0 

Citric acid 19.75 g NaH2P04 1 1 . 4  g 
monohydrate 10 N NaOH t o  adjust  

pH 8.0 
Borate Buffer: Phosphate Buffer: 
Boric acid 12.37 g N a 2 H P 0 4  7 . 1  g 
10 N NaOH t o  adjust 1.0 N HCl 0 . 4  m l  

Tromethamine Buffer: 
Tromethamine 0.608 g 
1.0 N HCl 2 7 . 9  ml 

pH 9.8 
Borate Buffer: 
Boric acid 12.37 g 
10 N NaOH t o  adjust  

a All buffer solutions were made up to 1000 ml and adjusted to iaoosmotic 
conditions (300 mosmoles/kg) with sodium chloride. 

Table VI-Effect of pH and Buffer on the  Apparent 
Permeability Coefficient of n-Butanol in Vaginal Tracta 

Apparent Permeability Coefficient 
PH P,,,. x lo4 cm/sec 

3 . O  Citrate- 
Phosphate Biphthalate 

Buffer Buffer 

2 . 2 4  1 . 6 7  
2 . 3 4  2 . 0 4  

2 . 0 8  1 . 8 2  
Av. 2 . 3 5  Av. 1 . 7 5  

6 . O  Citrate Phosphate 
Buffer Buffer 

2 . 3 0  1 . 7 3  

2 . 7 6  1.48.  

1 . 8 5  1 . 7 3  
1 . 4 8  1 . 5 6  

1 . 6 2  
1 . 8 2  

Av. 1 . 8 7  

1 . 6 5  
Av. 1 . 6 8  

8 . o  Borate Phosphate Tromethamine 
Buffer Buffer Buffer 

0.83 1 . 6 4  2 . 3 5  
0 . 8 9  1 . 7 4  2 .17  

Av. 0 . 8 6  Av. 1 . 6 9  1 . 4 3  
1 . 6 5  
1 . 8 1  

Av. 1 . 8 8  
9 . 8  Borate 

0 . 6 9  
0 .75  
0 . 7 9  
0 . 8 9  

Av. 0 . 7 8  

Each experiment was cariied out for 1 hr. 

mined with W-polyethylene glycol 4000. Using isotonic buff- 
ered solution at pH 6.0, no loss of water was observed in 1 hr. Ac- 
cordingly, the influence of the water flow on drug movement was 
assumed to be negligible. 

In separate experiments involving no vaginal membrane, it was 
also established that there was no detectable absorption of n-buta- 
no1 to the materials of the perfusion setup. 

Absorption Experiments with n-Butanol-Figure 5 repre- 
sents the results of a typical experiment conducted for 90 min. The 
linear relationship obtained on a semilogarithmic scale indicates 
that the drug disappearance follows a first-order pattern. Thus, 
the rate of disappearance could be expressed by: 

- dCb = - K,Ch 
d t  

(Eq. 18) 

(Eq. 19) 

where cb is the concentration of the drug in the bulk, K ,  is the 
first-order rate constant, A is the effective surface area of vaginal 
tract, V is the volume of the perfusion solution, and Pap,, is the ap- 

Table VII-Crossover Experiments Involving Various p H  
and Buffer Systems" (PaPp X lo4 cm/sec) 

First Experiment Second Experiment 

D a y  PH pa,, PH p a p ,  

1 3 . 0  (C) 2 . 2 4  9 . 8  (B) 0 . 7 9  
2 9 . 8  (B) 0 . 8 9  6 . 0  (P) 1 . 8 2  
3 6 . 0  (Pj  1 . 6 5  3 . 0  (cj 2 . 3 4  
4 3 . 0  (C) 2 . 7 6  9 . 8  (B) 0 . 7 5  
5 9 . 8  (B) 0 . 6 9  6 . 0  (P) 1 . 7 3  

a C = citrate buffer, P = phosphate buffer, and B = borate buffer. 

Vol. 64, No. 1, January 1975 175 



parent permeability coefficient. The ratio of the surface area to  the 
volume of solution is 0.66. 

Absorption experiments were carried out with three rabbits (Ta- 
bles 11-IV). For Rabbits I and 3, the experiments were carried out 
and continued up to the 5th day with two successive runs each day. 
For Rabbit 2, there were some difficulties with the anesthesia on 
the 3rd and the 4th days so that experiments on these days were 
not performed. The data show overall good reproducibility of the 
method. Both the animal-to-animal and the day-to-day variations 
were statistically insignificant. Consequently, the method should 
be useful in carrying out quantitative experiments on a single rab- 
bit as well as with a set of animals. 

Effects of pH and Buffer Species on Permeabili ty of Vagi- 
nal Membrane-For studies on the vaginal absorption of weak 
electrolytes, knowledge of the possible adverse effects of pH and 
buffer species on the integrity and permeability characteristics of 
the membrane is required. These effects were quantitatively as- 
sessed by absorption experiments utilizing n-butanol as the refer- 
ence. The buffer systems employed are listed in Table V. 

As can be seen in Table VI, the apparent permeability coeffi- 
cient of n-butanol was the same at pH 3.0 with the phthalate buff- 
er and a t  pH 6.0 and 8.0 with the phosphate buffers. In comparison, 
the average Papp values for the citrate buffer systems tended to be 
greater and those for the borate buffers were consistently lower. 
Although there were wider variations in the experimental results 
with the tromethamine buffer as compared to the variations with 
the other buffers at various pH, the average Papp was higher than 
the PaPp for the phthalate and phosphate buffers. The pH of all 
buffer solutions changed no more than 0.1 unit in 1 hr. 

Although it is not explicit in Table VI, the tabulations of the 
permeability coefficients are the overall results of crossover experi- 
ments involving pH and buffer systems. The crossover experi- 
ments gave reproducible and consistent results. As one example, 
an absorption experiment carried out a t  pH 6.0 with the phosphate 
buffer gave a higher Papp than that of an immediate followup ex- 
periment a t  pH 9.8 with the borate buffer on the same rabbit 
(Table VII). The result was the same when the order of the experi- 
ments was reversed. 

These results show that the membrane is affected by both pH 
and buffer as adjudged by its permeability to n-butanol. There ap- 

pears to be little effect on the membrane when phthalate and 
phosphate buffers are used. The citrate and borate buffers and, 
perhaps, the tromethamine buffer do affect membrane perme- 
ability. However, these effects upon the membrane appear to be 
reversible and not related to the integrity of the membrane. 
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Timed Release from Polymeric Films Containing 
Drugs and Kinetics of Drug Release 

M. DONBROWX and M. FRIEDMAN 

Abstract The preparation of cast films of ethylcellulose con- 
taining caffeine and salicylic acid is described. These films exhibit 
timed release of drugs. Release rates were found to agree with both 
the classical first-order equation (log drug retained against time) 
and diffusion-controlled release models, as exemplified by Higu- 
chi’s equations (drug release linearly related to square root of 
time). Mathematical analysis of the data shows that the release be- 
havior actually conforms with the diffusion-controlled model. Lit- 
erature results, reported as first order, for the release of cetylpyri- 
dinium chloride and benzalkonium chloride from polyamide films 
were analyzed similarly and shown to be diffusion controlled. Rec- 
ommendations are made for presentation and routine treatment of 

drug release data to avoid ambiguity and provide useful biophar- 
maceutical information. 

Keyphrases 0 Ethylcellulose films containing caffeine or salicylic 
acid-timed release, first-order and diffusion-controlled models 
discussed Timed release of caffeine or salicylic acid from ethyl- 
cellulose films-first-order and diffusion-controlled models dis- 
cussed 0 Drug release from polymeric films-first-order and diffu- 
sion-controlled mechanisms discussed Polymer films containing 
drugs-kinetics of drug release, first-order and diffusion-con- 
trolled models discussed 

The methods previously used in achieving timed- 
release formulations of drugs may be related to four 
types of processes: (a) coating the drug or prepara- 
tion, (b) embedding the drug in fatty, plastic, or hy- 

drophilic matrixes, (c) binding the drug to an ion- 
exchange resin, or (d)  forming a complex or other 
chemical derivative of the drug (1). The possibility 
exists that incorporation of the drug into a polymer 
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