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Summary - A new method of collection of interstitial fluid (ISF) (the site of most bacterial infections)
was developed for the determination of free (unbound) penicillin G concentrations in sheep. Dialysis
fiber bundles for the collection of ISF were first characterized in vitro and subsequently implanted in the
subcutaneous fascia of the dorsal thorax parallel to the vertebral column in sheep. The sheep were then
dosed intravenously with 26.4 and 52.9 mg/kg of sodium penicillin G using a crossover experimental
design. Plasma and ISF dialysate were collected after dosing for determination of penicillin G con-
centrations using high pressure liquid chromatography (HPLC) The concentration of penicillin G in the
ISF dialysate was calculated with the recovery ratio determined for each fiber bundle. The decline of
penicillin G concentrations in ISF dialysate paralleled the disappearance of the drug from plasma pro-
viding evidence for the rapid diffusion of penicillin G into the fiber bundles. Pharmacokinetic analysis
determined that the disposition of penicillin G was best described by a two-compartment open model
with penicillin concentrations in plasma (Cp) defined by two biexponential equations, Cp = 170.64e-! !sr
+ 31.04e-i 5sr for the low dose and Cp = 418.1 9e-6.15t + 59.85e-1.56t for the high dose.
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Résumé &horbar; Pharmacocinétique de la pénicilline G prélevée à l’aide de faisceaux de fibres de dia-
lyse dans le plasma et le liquide interstitiel chez le mouton. Une nouvelle méthode de détermination
de la concentration de pénicilline G libre (non-liée) dans le liquide interstitiel - site de la plupart des infec-
tions bactériennes - a été développée. Des faisceaux de fibres de dialyse destinées aux prélève-
ments du liquide interstitiel ont été initialement calibrés in vitro. Les fibres de dialyse ont ensuite été
implantées chez le mouton dans le fascia sous-cutané du thorax dorsal parallèlement à la colonne ver-
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tébrale. Les moutons ont ensuite reçu par voie intraveineuse 26 et 52 mglkg de pénicilline G sodique
en utilisant un plan expérimental croisé. Du plasma et des dialysats de liquide interstitiel ont été col-
lectés et les concentrations de pénicilline G ont été déterminées par chromatographie liquide à haute
performance. La concentration de pénicilline G dans les dialysats de liquide interstitiel a été calculée
en utilisant le rapport de récupération déterminé pour chaque faisceau de fibres. La diminution des
concentrations de pénicilline G dans le dialysat interstitiel était parallèle à celle du médicament dans
le plasma, suggérant une diffusion rapide de la pénicilline G dans les fibres de dialyse. L’analyse
pharmacocinétique a conduit à décrire la disposition de la pénicilline G selon un modèle bicompartimental
ouvert. Les concentrations de pénicilline dans le plasma ont été décrites par deux équations biexpo-
nentielles, Cp = 170,64e-7, 161 + 31,04e-l,56t pour la dose inférieure et CP = 418,19e-s. 151 + 59,85e-1.56t
pour la dose supérieure.

pénicilline Glpharmacocinétiquelliquide interstitiellmoutonlfaisceau de fibres de dialyse

INTRODUCTION

Pharmacokinetic investigations to optimize
antibacterial dosage regimens are often
based on plasma or serum drug concen-
tration versus time profiles. However, such
studies disregard the free (unbound) and
therefore active drug concentrations
achieved at the site of bacterial infection
which is of fundamental importance to the
optimization of antibiotic dosage regimens.
This need to understand the distribution of
antibacterial agents in tissues was recog-
nized shortly after the introduction of peni-
cillin when antibiotic concentrations were
found to persist in infected wound exudates
(Eagle et al, 1953).

Since most bacterial infections occur in

interstitial fluid (ISF), many techniques were
developed to sample the fluid for the deter-
mination of antibiotic concentrations. The

implanted fibrin clot was one of the earliest
approaches (Weinstein et al, 1951 Skin
windows and skin blisters techniques were
also developed to sample tissue fluid (Rae-
burn, 1971; Harding and Eilon, 1977; Gillette
and Wise, 1978; Schreiner et al, 1978; Wise
et al, 1980; Findlay et al, 1981 However,
the prolonged penetration of drug into the
blister fluid and the small fluid volumes
obtained limited sampling frequency. Paper
discs implanted subcutaneously (Bergeron
et al, 1977) were limited by small sample

volume and the inability to obtain multiple
samples. Techniques were also developed
in both humans (Engeset et al, 1973; Bergan
and Engeset, 1987) and other animals
(Smith et al, 1970; Staub et al, 1975; Cohen
et al, 1984) to obtain peripheral lymph sam-
ples as a representative of ISF (Courtice,
1971 ). A variety of tissue chambers for ISF
collection were subsequently developed
(Guyton, 1963; Burke, 1964; Calnan et al,
1972; Chisholm et al, 1973; Ryan, 1978;
Bergan, 1981; Guyton, 1981; Beadle et al,
1989), which varied considerably in size,
shape and diameter (Gardner et al, 1973;
Carbon et al, 1977; Bengtsson et al, 1984;
Clarke, 1989). High chamber surface area to
internal volume ratios and long diffusional
paths, however, resulted in unacceptably
long equilibration times between drug con-
centrations in ISF and those in chamber
fluid. Dialysis tubes that filter either ISF or
serum through a semipermeable membrane
have also been used for fluid collection

(Peterson and Gerding, 1978; Gerding et
al, 1982). Although several units may be
implanted subcutaneously to facilitate mul-
tiple sampling, this increases the variability
in the data (Dan et al, 1981 Lastly, a micro-
dialysis fiber system incorporating small hol-
low dialysis fibers was introduced to over-
come limitations of the larger dialysis tubes
(Bunnett et al, 1983, 1984; Ruckebusch et
al, 1985; Pairet et al, 1986; Ruckebusch
and Malbert, 1987). Rapid equilibration was



achieved as a result of the short diffusional

distances and multiple samples could be
obtained from the same fiber bundle.

The purpose of this study was to develop
a simple and reliable technique using dial-
ysis fiber bundles to sample ISF without the
limitations of previous methods and to use
the technique to determine the disposition of
an antibacterial drug in ISF in vivo. Peni-
cillin G and the sheep were chosen as the
model antibacterial drug and test species,
respectively.

MATERIALS AND METHODS

Fiber construction

Spectra/Por« hollow fiber bundles (Spectrum
Medical Industries Inc, Los Angeles, CA, USA)
with a molecular weight cut off of 9 000 Da and
working volumes of 654 pL were used. This inter-
nal volume plus a flush volume of 1 mL provided
a final sample volume sufficient to permit analy-
sis of penicillin G concentrations by high pres-
sure liquid chromatography (HPLC). Each bundle
consisted of 176 fibers with an exposed length
of 21 cm and an internal diameter of 150 pm. A
6.25 cm piece of heat shrink tubing was applied
around the injection end of the bundle cap. A
stopcock was then fitted into the free end of the
tubing. The tip of the stopcock was inserted as
close to the fiber ends within the tubing as pos-
sible to minimize dead space. A 3.75 cm piece
of heat shrink tubing was also applied to the oppo-
site collection end of the bundle and plugged with
a removable stylet. Two surgical clips were gen-
tly applied at one third and two thirds of the length
of the fiber bundle to spread the fibers. The con-
trolled force applied to the clips did not result in
occlusion of the fibers.

Fiber characterization

The permeability of the fibers to penicillin G was
first characterized in vitro. The equilibration time
and percent recovery for penicillin G concentra-
tions within the fibers in relation to those con-
centrations in fluid bathing the fibers were deter-

mined for six fiber bundles. The equilibration time
was defined as the middle collection interval of
the consecutive collection intervals for which there
was no significant difference in sequential ratios
of penicillin G concentrations in fiber dialysate
and bath fluid. The percent recovery was calcu-
lated as the ratio of penicillin G concentrations
in fiber dialysate and bath fluid when equilibrium
was attained. The experiment was designed as a
three-way factorial design. The order in which
each fiber bundle, collection interval and con-
centration was used was completely randomized.

The dialysis fibers were filled with isotonic
saline and immersed in a beaker containing a
bath of isotonic saline with 0.2% bovine serum
albumin (Sigma, Saint Louis, MO, USA) to simu-
late the drug binding phenomena occurring in
ISF (Bunnett et al, 1983) and fortified with 5, 25 or
50 pg/mL of penicillin G. The solution was con-
tinuously stirred with a magnetic stirrer (Corning
Hot Plate Stirrer PC-351, Corning Lab Products,
Corning, NY, USA) to ensure an even distribu-
tion of penicillin G. The 9 000 Da molecular exclu-
sion limit of the fibers excluded protein-bound
drug from the dialysate. Samples of dialysate
were collected at intervals of 0, 1, 2, 5 and 10 0
min by flushing the fiber bundle with saline to
obtain 1 mL of saline and dialysate in the collec-
tion syringe. The sampling procedure was com-
pleted within 15 s. Subsequently, the fiber bundle
was flushed with 5 mL of saline, the stopcock
was closed, and the stylet plugs replaced at the
injection and collection ends of the fiber bundle.
The dialysate and beaker fluid were then ana-
lyzed for penicillin G by HPLC. The concentra-
tion of penicillin G in the dialysate was divided
by the concentration of penicillin G in the beaker
fluid to obtain ratios of penicillin G inside and out-
side the fibers at the different collection times.

Pharmacokinetic study

Six male Suffolk-cross sheep (44-64 kg) were
determined to be healthy by clinical examination
prior to the start of the experiment. The animals
were acclimated to their surroundings for a week,
and then each was surgically implanted with a
dialysis fiber bundle which had been sterilized
with ethylene oxide. The animals were not pro-
vided food or water during the 24 h interval prior
to surgery. Anesthesia was induced with a
1.1 mL/kg iv bolus injection of 500 mg ketamine
(Ketaset, Fort Dodge Laboratories Inc, Fort



Dodge, IA, USA) and 50 mg xylazine (Rompun,
Mobay Corporation, Shawnee, KS, USA) in
500 mL of 5% glycerol guaiacolate (Gecolate,
Summit Hill Laboratories, Navesink, NJ, USA).
Endotracheal tubes were placed in the sheep
and anesthesia was maintained with halothane

during the surgical procedure. The skin over the
dorsal thorax was clipped and scrubbed in prepa-
ration for surgery. Two small skin incisions were
made 22 cm apart in the dorsal thorax parallel to
the vertebral column on the left side. A hollow
stainless steel trocar equipped with a cutting edge
was tunneled through the subcutaneous fascia
between the incisions. The fiber bundle was
inserted in the trocar which was then gently pulled
out leaving the fiber bundles in position subcu-
taneously. The ends of the fiber bundles were
sutured to the skin and flushed daily with saline.

Sixteen hours prior to dosing, food was with-
held and a 16 g, 8.3 cm catheter (Angiocath,
Deseret Medical Inc, Sandy, UT, USA) with an
internal volume of 0.2 mL was implanted in the
jugular vein for both dosing and blood collection.
The sheep were dosed with sodium penicillin G
(Sigma, Saint Louis, MO, USA) 48 h after
surgery. Three sheep were dosed with the low
dose of penicillin G (26.4 mg/kg or 44 000 IU/kg)
followed by the high dose (52.9 mg/kg or 88 000
IU/kg), 2 days after the first. The other three
sheep received the high dose of penicillin G fol-
lowed by the low dose. The order in which each
sheep was dosed with the low or high dose was
randomized. The dose was injected during a 30 s
interval via the jugular catheter followed by a
10 mL flush with saline which had been shown to

prevent carryover of penicillin to subsequent
blood samples. Blood and ISF dialysate sam-
ples were collected before dosing (control) and at
10, 20, 30, 45 min and 1, 1.5, 2, 3, 4 and 5 h

post-dosing. Blood samples (5 mL) were col-
lected in 1% heparin after withdrawing and dis-
carding 2 mL of blood from the catheter. Saline
(5 mL) was injected to replace the blood volume
followed by 1.5 mL of heparinized saline to main-
tain catheter patency between collections. Blood
samples were centrifuged and plasma collected.
ISF dialysate was collected by flushing the fiber
bundle with saline to obtain 1 mL of the ISF

dialysate within 15 s. The fiber bundle was then
flushed with 5 mL saline and refilled. All sam-

ples were analyzed for penicillin G concentra-
tions by HPLC.

The fiber bundle was removed from the sheep
at the end of the experiment, 7 days after implan-
tation. To remove the bundle, the sheep were

tranquilized with xylazine (0.11 mg/kg) intra-
venously. The fiber bundles were cut off at one
end and easily withdrawn. The open wound was
then sutured.

Penicillin G analysis

A HPLC assay developed by Tyckowska and
Aronson (1988) was modified to improve the
detection and quantitation of penicillin G. A HPLC
system from Waters Associates (Milford, MA,
USA), consisting of a pump (Model 6000 A), an
automated injector (Model 712) and a variable
wavelength detector (Model 484), was used for
the isocratic separation, detection and quantitation
of penicillin G in all samples. A Brownlee Spheri-
5 phenyl column (250 x 4.6 mm) equipped with a
phenyl Newguard column (Brownlee Laborato-
ries Inc, Santa Clara, CA, USA) was used to sep-
arate penicillin G from plasma components. The
column was heated and maintained at 50 °C with
a water jacket (All Tech Associates, Arlington
Heights, IL, USA) and a Haake constant tem-
perature water bath equipped with an external
circulation pump (Cole Parmer Instrument Com-
pany, Chicago, IL, USA). A Hewlett Packard
(Rolling Meadows, IL, USA) recording integrator
(Model 3396 A) and disc drive (Model 9114 B)
were used to record and store the chromatograms
and print reports of each analysis.

The standard, penicillin G sodium salt, was
from Sigma (Saint Louis, MO, USA). Acetonitrile
and orthophosphoric acid (85%) were from Fisher
Scientific (Fairlawn, NJ, USA); triethylamine and
octanesulfonate were from Regis Chemical Com-
pany (Morton Grove, IL, USA); methanol was
from American Burdick and Jackson (Muskegon,
MI, USA). All solvents were HPLC grade. The
reagents were analytical grade. Deionized glass-
distilled water was used for all preparations. The
mobile phase was prepared by dilution of 300 mL
acetonitrile with 680 mL water, 5 mL triethylamine,
5 mL phosphoric acid and 10 mL of a 0.5 M
octanesulfonate solution. The eluant used for
extraction and concentration of the sample was
prepared by dilution of 90 mL acetonitrile with
10 mL of modified mobile phase prepared as
described above but without acetonitrile.

Plasma and ISF dialysate samples were
extracted and concentrated with prepacked resin
columns (Bond-Elut, Analytichem International,
Harbor City, CA, USA). The columns were pre-



conditioned with two 1 mL methanol washes fol-
lowed by two 1 mL phosphate buffer washes. A
vacuum (17.5 cm of mercury) was used to
increase the flow of solvents and reduce elution
time. The sample (1 mL) was added to the con-
ditioned column followed by two 1 mL buffer

washes. A vacuum was applied to the column
outlet to remove free liquid from the resin. Peni-
cillin G was extracted from the resin with 200 p L
of the eluant. Centrifugation (2.5 min at 140 y)
was used to increase movement of the fluids

through the column. The extraction was repeated
with 100 »L of eluant to obtain a 3.33-fold con-
centration of penicillin G in the sample. The com-
bined eluates were then transferred to an injection
vial equipped with a 0.3 mL limited volume insert
(Crom Tech, Inc, Apple Valley, MN, USA). Com-
plete recovery (100%) of penicillin G was obtained
with this method.

The processed sample (25 yL) was placed
in the automated injector and introduced into the
mobile phase being delivered to the reverse
phase HPLC column. The mobile phase flow
was 1.2 mL/min. The ultraviolet absorption of
the mobile phase as it emerged from the column
was monitored at 210 nm. Changes in absorption
were integrated, recorded and stored on the disc
drive.

Standards containing 1, 2, 4, 8 and 16 6 jrg/mL
of drug in sheep plasma were analyzed for peni-
cillin G concentrations, and standard curves cor-

relating penicillin G concentrations to peak integral
areas under UV absorption response curves were
established. This correlation was defined by a
regression equation which was subsequently
used to calculate penicillin G concentrations in
an unknown sample. Samples with penicillin G
concentrations greater than 16 6 j<g/mL were diluted
with eluant after extraction to achieve a concen-

tration within the range of the standard curve.
The standard curves were linear within the range
of 0.5 to 16 6 j<g/mL and passed through the origin.
The coefficients of correlation obtained when the
areas of the eluted peaks were compared to the
penicillin G concentrations were always greater
than 0.995. The level of quantitation of the assay
was found to be 0.5 ,llg/mL. The limit of detec-
tion of the assay was 1 ¡lg/mL. Absence of other
interfering peaks confirmed the specificity of the
assay. Reliability of the assay was determined
to be 0.9906. Reproducibility of the assay was
also excellent as indicated by coefficient of vari-
ation values which were all less than 10°° for

duplicate samples.

Data analysis

Fiber characterization

A multiple regression analysis (with dummy cod-
ing used for fiber identity) was used to determine
if there were any significant differences in the
ratios obtained between the collection intervals,
fibers and penicillin G concentrations. If a signif-
icant difference was found, the least significant
difference between collection intervals was deter-
mined (Snedecor and Cochran, 1980). P 5 0.05

was required for statistical significance.

Pharmacokinetic study

The Autoan computer program (Sedman and Wag-
ner, 1976) was used to determine which expo-
nential equation best fit the plasma and ISF
dialysate data and to obtain initial estimates of the
pharmacokinetic parameters. An F-test in the com-
puter program determined which exponential equa-
tion best fitted each animal’s data. The SAAM27

curve-fitting computer program based on nonlinear
iterative least-squares regression analysis (Berman
and Weiss. 1977) was subsequently used to obtain
final values of the rate constants and volumes

using the initial estimates obtained with the Autoan
program. Drug concentrations were weighted by
the reciprocal of each observation for the Autoan
and SAAM27 fitting procedures. Pharmacokinetic
parameters (A, B, u, (i, t1/2u, t1!21), VDarea’ Vc, Vss,
CL and AUC) were calculated using standard for-
mulas (Gibaldi and Perrier, 1982). These phar-
macokinetic parameters are defined according to
Baggot (1977) (see table II below). Free drug con-
centrations in plasma were calculated after cor-
rection of the plasma penicillin G concentrations for
30% protein binding (Ziv and Sulman, 1972). A
paired t-test was used to determine whether there
were any significant differences in the CL. Vp!,ea!
Vss and after the administration of the low and

high dose of penicillin G. P <_ 0.05 was required
for statistical significance.

RESULTS

Fiber characterization

The ratios of the concentrations of penicillin
G in the dialysate to the beaker bath solution



for each fiber bundle at each concentration

and collection interval are reported in table
I. The percent recovery of penicillin G from
a representative fiber bundle immersed in
saline containing penicillin G for different

collection intervals is shown in figure 1. The
percent recovery in figure 1 was corrected

for the dilution of 654 pL of saline and ISF
dialysate contained within the fibers to the
total collection volume of 1 mL. The analy-



sis of variance showed that there was no

significant difference in the ratios between
the varying penicillin G concentrations used
(P = 0.2183). There was, however, a sig-
nificant difference in the ratios between the
different fiber bundles (P= 0.0001 ) and col-
lection intervals (P= 0.0001) used. Since
there was a significant difference in the
ratios between the collection intervals used,
the least significant difference between col-
lection intervals for each fiber bundle was
determined (P = 0.05). There was a signif-
icant difference between the 1 and 10 min

collection intervals for fiber bundles 2, 4, 5
and 6. There was no significant difference
between any of the collection intervals for
fiber bundles 1 and 3. The mean (± SD) val-
ues of the ratios obtained at the 5 and 10 0
min collection intervals were 0.697 ± 0.066
and 0.705 ± 0.060, respectively. Since there
was no significant difference in the mean
ratios between the 2 through 10 min col-
lection intervals for all of the fiber bundles in

vitro, equilibration time for the dialysis fibers
was determined to be 5 min, ie, the middle
collection interval. As a result, the mean
recovery ratio for each fiber bundle was

determined at 5 min. These values were

subsequently used to calculate corrected
penicillin G concentrations in the ISF

dialysate. These corrected values were used
as predictors of penicillin G concentrations
within the ISF. The 5 min collection interval
also defined the minimum time interval
between sample collections in vivo. The per-
cent recovery was calculated as the ratio
of the concentrations of penicillin G in the
fiber dialysate and beaker solution when
equilibrium was attained (5 min). As can be
seen from figure 1, recoveries were approx-
imately 100%. Pilot studies showed that
there were no changes in the equilibration
time or percent recovery of the fiber bun-
dles after ethylene oxide sterilization.

Pharmacokinetic study

The concentration of penicillin G in the ISF
dialysate was calculated with the recovery
ratio determined at the 5 min collection inter-
val for each fiber bundle obtained in the
characterization study (table I). The mean
concentrations of penicillin G in plasma and



ISF dialysate following intravenous admin-
istration of the low and high dose are shown
in figures 2 and 3, respectively. The decline
of penicillin G concentrations in the ISF par-
alleled the disappearance of the drug from
plasma. The data for each animal was best
described by a two-compartment open
model (fig 4) which was defined by the biex-
ponential equation Cp = Ae-«r + Be-I1t,
where Cp is the plasma concentration of
the drug at time t. The individual and mean

values of the pharmacokinetic parameters
for the plasma and ISF dialysate are shown
in tables II and III, respectively. The paired
t-test determined that there were no signif-
icant differences in CL (P= 0.1715), VDarea
(P = 0.4024), VSS (P = 0.2307) or !3 (P =

0.9943) after the administration of the low
and high dose of penicillin G.

DISCUSSION

As there was a significant difference
between the penicillin G concentrations
among fiber bundles, each bundle was iden-

tified, characterized, maintained and used as
a separate system in the pharmacokinetic
studies. The absence of a significant differ-
ence in the ratios between the various peni-
cillin G concentrations used indicated that

the permeability characteristics of the fiber
bundles were similar.

The profiles in figures 2 and 3 demon-
strate that the decline of penicillin G con-
centration in the ISF dialysate paralleled the
disappearance of the drug from plasma.
This provides further evidence that the dif-
fusion of drug to and from the fiber bundles
was very rapid. The rapid diffusion of the
drug through the pores of the fibers is a dis-
tinct advantage of the fiber bundles as com-
pared to other experimental models that
have been developed to study the penetra-
tion of drugs into ISF. The rapid diffusion
characteristic of the fiber bundles is of great
importance in the study of drug disposition
in tissues, especially in the study of drugs
with a very short half-life such as penicillin G.
This rapid diffusion characteristic of the fiber
bundles is a result of the large surface
area/volume ratio of 266 as compared to



0.03 in some other chamber devices (Luth-
man and Jacobsson, 1986). The penicillin G
concentrations in plasma and ISF dialysate
were best described by a two-compartment
open model. This again supports the con-
cept of rapid diffusion across the fibers. Pre-
vious studies which utilized large chambers
to study drug disposition in plasma and tis-
sue fluid required a catenary three-com-
partment open model to adequately describe
the data (Clarke et al, 1989). In this model
drug concentrations in the plasma and
chamber were represented in the first and

third compartments, respectively, and the
predicted drug concentrations in the tissue
fluid were represented by the second inter-
mediate compartment.

The AUC for the free drug concentra-
tions in plasma and ISF dialysate were not
equal for either the low or high dose of peni-
cillin G in this study as seen in tables II and

I 1 Thus, it appears that the extent of diffu-

sion of penicillin G into the fibers was not
complete. Drug concentrations in ISF

dialysate may have been higher if samples
were obtained less frequently. The mini-
mum collection interval of 5 min was based

on the results of the fiber characterization

study in vitro. However, it appears that

longer collection intervals may have been
more appropriate in vivo.

No dose-dependent kinetics occurred
within the range of doses used as there
was no significant difference between val-
ues of the pharmacokinetic parameters
obtained after administration of the low and

high doses of penicillin G. Also, a propor-
tional increase in penicillin G concentra-
tions was observed when the high dose of







penicillin G was administered. Drug con-
centrations increased twofold in plasma
and ISF dialysate when the dose was dou-
bled.

Implanted dialysis fibers provided a sim-
ple, convenient and reliable technique to
determine free antibiotic concentrations in

ISF dialysate. The main advantages of this
technique were the ease of use, rapid dif-
fusion characteristic and the ability to obtain
multiple samples. In addition, the dialysis
fiber bundles can be easily adapted for a
variety of potential applications. The fiber
bundles may be implanted at different sites,
organs or tissues. For example, they might
be implanted in the peritoneal cavity for
determination of drug concentrations dur-
ing peritonitis. They might also be implanted
in various muscles, organs or fat to detect
tissue residue concentrations of drugs. This
would obviate the animal sacrifices typical of
conventional drug residue studies. Alterna-
tively, the fibers could be used to create a
localized site of infection in the body. Bac-
teria inoculated within implanted fibers would
remain trapped due to the small size of the
fiber pores and could serve as a model to

study the antibacterial action of an antibi-
otic dosage regimen. The limitations in the
use of the fiber bundle may be related more

to assay requirements than any intrinsic lim-
itation of the fiber bundle.
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