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In the course of a research programme into the thera-
peutic values of antibiotics in the treatment of cystic
fibrosis, it became necessary to design a method to
mneasure the penetration of antibiotics through mucus.
A number of factors had to be considered in the design
of the method; it had to be simple in construction and
use, utilize small quantities of mucus, be applicable to a

large range of antibiotics, and to be as near to normal
physiological conditions as possible. The resulting appar-

atus described in this article has all these features, and
the results obtained from it were consistent and gave an

indication of the relative penetration values of different
antibiotics sufficient forthe purposes ofthese investigations.
The apparatus in component form consists of a soda

glass tube 10 cm. x 0-2 cm., one glass reservoir 2 5 cm.

x 1-2 cm., two rubber bungs to fit the reservoir with one

bored to fit the glass tube, a Visking membrane, cotton
thread, and plasticine. These are used in the following
way: The glass tube is flamed gently at both ends,
enough to remove any sharp edges but not to alter the
bore. A mark 1 mm. from one end of the tube is then
scratched on, using an ampoule file. The tube is then
filled up to the 1 mm. mark with 2% ion agar (Oxoid) in
pH 7-4 buffer (phosphate), the unmarked end plugged
with plasticine, and the agar is allowed to gel. The
remaining 1 mm. of the tube is then filled with the mucus
under investigation. The piece of Visking membrane is
now carefully placed over the open end of the tube and
tied tightly with the cotton thread. If any air bubbles are
trapped under the membrane, the membrane must be
removed and the procedure repeated until all the air
bubbles are eliminated. The bored rubber bung and the
glass reservoir are now placed over the membrane so

that the contents of the reservoir will be in contact with
the membrane. It is advisable to use a split rubber bung
for this, otherwise damage to the membrane may result.
The reservoir is now filled with the same mucus as the
tube, but containing the antibiotic understudy at a
concentration of 200 pg./ml. The mucus is added to the
reservoir to prevent any Donnan effect occurring across

the semi-permeable membrane. The open end of the
reservoir is now closed by the second rubber bung with
a hypodermic needle pushed through it. This allows any
excess mucus/antibiotic mixture to escape, preventing
any unnatural diffusion due to pressure build up.
The apparatus is now set up ready for diffusion to take

place (Fig. 1) and is incubated in a horizontal position for
24 hr. at 37°C. After incubation the reservoir, membrane,
and mucus are removed from the glass tube, the plasticine
plug cut off and the agar column pushed out of the cut
end of the tube. To determine the total antibiotic diffused
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FIG. 1. Diagram of the diffusion apparatus to measure
the penetration of antibiotics through mucus.
1 Plasticine plug. 6 Rubber bung.
2 Glass tube, 10 cm. x 7 Mucus antibiotic at

0-2 cm. 200 ,g./ml.
3 2% 'ion' agar. 8 Visking membrane.
4 Split rubber bung. 9 1 mm. column of test
5 Glass reservoir, 2-5 x mucin.

1-25 cm. 10 2% 'ion' agar.

through the mucus, the agar column is treated as follows:
The top 4 cm. of the agar column nearest the mucus is
cut off and placed into a bore hole in the agar of a normal
antibiotic assay plate, together with 0-2 ml. of pH 7-4
phosphate buffer. The assay plate is incubated at 37°C.
overnight and the zone of inhibition produced is com-
pared with the zones of antibiotic standards made up in
4 cm. columns of 2% 'ion' agar and treated in the same
way. The indicator organism used in the determinations
of antibiotic concentrations was varied to suit the
particular antibiotic, using recommended cultures from
the National Collection of Type Cultures. The size of the
inoculum used was 3 ml. of an overnight broth culture
of the organism in 200 ml. of infusion agar (Southern
Group Laboratories).
The determinations which have been carried out so

far with this apparatus have been using 0-20% hog gastric
mucin (L. Light & Co.) and ampicillin, cloxacillin,
methicillin, and penicillin G as the antibiotics; the limits
of reproducibility of the results have been within 5%.
The antibiotic concentrations detected in the agar
column have shown considerable reductions from those
of the original solutions at 200 ptg./ml. The reductions
in the antibiotic concentrations in the agar can be
explained by two factors. The small surface area of
contact between the membrane and the antibiotic
solution (0-317 sq. cm.), which is similar to the size of the
bronchioles in the lung, and the reduction in concentration
due to diffusion through the mucus. The reduction in
concentrations of the antibiotics due to the small surface
area is on average 95% of the original solutions; the drop
across the mucus from 0 to 20% is much smaller, on
average 2-5% of the original solution. This apparatus is
now being used for studies on the penetration of fibro-
cystic mucus by antibiotics. The results will be published
in a paper on fibrocystic mucus.

I wish to thank Dr. David Lawson for his help and
criticism in the design of the apparatus, and the Cystic
Fibrosis Research Foundation Trust for a grant.
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