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Assay of f3-lactam antibiotics
when used therapeutically in
combination with
aminoglycosides
BH POSTMA* Department of Medical Microbiology,
University Hospital and State University, Rijns-
burgerweg 10, 2333 AA Leiden, The Netherlands

In 1977, Stevens and Young' reported the use of the
cation-exchanger cellulose phosphate (CP) as an
inactivator of aminoglycosides in serum samples
which also contained a f8-lactam antibiotic. After
inactivation of the aminoglycoside the /8-lactam
antibiotic was subsequently determined in a mic-
robiological assay. This method has advantages over
the use of aminoglycoside-resistant test strains, in
which the specificity of the assay may become doubt-
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ful.2 Our initial experiences with the CP method
were disappointing. We attempted to find the cause
of this and succeeded in obtaining reliable results
when two simple modifications were introduced.
This paper discusses the effect of these modi-
fications.

Material and methods

The original method as described by Stevens and
Young' involved adding 100 mg cellulose phosphate
powder to 1 ml of patient's serum. After thorough
mixing the sample was centrifuged and the super-
natant was taken for microbiological assay. This
technique was modified in two respects: (i) serum
was diluted 1/3 with 0.1 M phosphate-buffered
saline (PBS) pH 7-0 and (ii) 20 mg of CP instead of
100 mg/ml was used.

Discs for obtaining standard curves were prepared
using serial twofold dilutions of /8-lactam antibiotics
in normal human serum-PBS diluent. An aliquot (1
ml) of each dilution was transferred to a tube con-
taining 20 mg CP, shaken for a few seconds on a
whirl mixer, left at room temperature for 30 min and
then centrifuged at 3000 rpm for 10 min. Discs for
standard curves were prepared using this supemat-
ant as well as the original working dilutions.

Table 1 Concentrations of /3-lactam antibiotics in the presence ofaminoglycoside antibiotics. Results, derived from
standard curves, are the mean ofsix observations. Standard deviations are shown in parentheses

,3-lactam antibiotic Solution Gentamicin (10 mgil) Tobramycin (10 mgIl)
concentrations

(mg/i) C T C T

Penicillin-G 6 6-3(0.36) 6.4(0.5) 5-5(0.6) 5-4(0-8)
30 28-5(3-4) 31-5(1-9) 28.1(3-1) 29 5(4 5)

Cloxacillin 5 5-5(0-4) 5.6(0.3) 4 9(004) 4.9(0.3)
20 19.3(1-2 21-2(2-.5 19.8(1-.0 19-8(1-1)

Cephalothin 5 4.7(0.3 4.9(0.2 54(0.6) 5 0(0.3)
20 18.4(0.7) 20-8(1.1) 19.4(1.3) 21-9(1.9)

Carbenicillin 20 18-5(1.3) 19-1(1.5) 18.3(1.9) 19.2(3.1)
400 389.2(48.8) 435-2(45-6) 384.2(55.6) 380.4(69.7)

/3-lactam antibiotic Solution Kanamycin (30 mg/l) Amikacin (30 mgIl)
concentrations
(mgil) C T C T

Penicillin-G 6 6-9(1-3) 7.4(1-5) 6-7(0-8) 64(08)
30 31-9 7-1) 32-6(6-1) 28-3(52) 28 1(3-7)

Cloxacillin 5 5-2 5- 3(0-3 50(0 3 4.9(03)
20 19-5 13) 18-3(1-6 19-7(0-6 19-9(0-5)

Cephalothin 5 5-3 0-2) 5 3(0-2 4-8(0.2 4-6(0-1)
20 20-3 1-4) 21-4 1.8 19.7(1-2 19-5(1.7)

Carbenicillin 20 16-5 1-0) 19-3 1.1) 17-2(0-8) 20-5(2-1)
400 390-5 98-6) 433-8 72-6) 408-1(42-0) 427-3(29-6)

Control (C): discs prepared with serum containing only 83-lactam antibiotic; not treated with cellulose phosphate.
Test (T): discs prepared with serum containing a mixture of a 3-lactam antibiotic and an aminoglycoside treated with cellulose phosphate
(20 mg/ml).
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All discs had a content of 10 ,ul, except those for
cloxacillin assay, which had 20 ,ul, to increase sen-
sitivity. Control and test discs with different mix-
tures (Table 1) of f8-lactum antibiotics and amino-
glycosides were prepared in the same way.
Test organisms were Bacillus subtilis I3 for the

assay of aminoglycosides, penicillin-G, cloxacillir,
and cephalothin, Pseudomonas aeruginosa NCTC
10490 for the assay of carbenicillin4 and Sarcina
lutea ATCC 9341 for the assay of cloxacillin.5

Antibiotic medium No 5 (Oxoid) was used for the
assay of kanamycin and streptomycin; the same
medium supplemented with 5% NaCl6 was used for
the assay of gentamicin, tobramycin and amikacin.
Antibiotic medium No 1 (Oxoid) was used for assay
of,lf-lactam antibiotics. Supplement was used to has-
ten germination of spores of B subtilis.6

Results and discussion

It is well known that the activity of 3-lactam antibio-
tic increases at lower pH. Therefore, the effect of
different concentrations of CP on the pH of normal
human serum was investigated. Addition of 100 mg
CP per ml serum resulted in a drop in pH from 7 75
to 5 78 (Table 2). At the lower pH, cloxacillin assay
of serum showed an increase in activity by 30-55%
of the actual concentration. By testing at lower CP

Table 2 Effect ofcellulose phosphate concentrations on
the pH ofpooled normal human serum

Concentration of cellulose phosphate (mglml)

0 10 15 20 25 100

pH 7-75 7-36 7-16 7-02 6-97 5-78

concentrations it was found that a minimum of 10
mgCP/ml was required to inactivate the amino-
glycosides (Table 3). However, to ensure that all of
the aminoglycoside was inactivated, we used 20
mgCP/ml in subsequent experiments. The change in
pH of normal human serum, from 7-75 to 7-02, pro-
duced by this lower concentration of CP was still
sufficient to affect the activity of the 8-lactam anti-

Table 4 Effect of20 mg cellulose phosphate (CP) per ml
normal human serum (NHS) on the activity ofsome
,3-lactam antibiotics

Antibiotic Diameter of inhibition zone (mm)
concentration (mg/ml)

without CP with CP (20 mglml)

Penicillin-G (60) 27-5 29-8
Ampicillin (40) 21-2 24-5
Cephalothin (100) 32-3 34-8
Carbenicillin (100) 22-0 23-5
Cloxacillin (20) 17-6 18-6

Differences between diameters of inhibition zones with and
without CP for each antibiotic are statistically significant (two-sided
Student's t test; p < 0-05).

biotics (Table 4). Serum diluted 1 in 3 with 0 1 M
PBS (pH 7.0) prevented a decrease in pH. With this
additional modification no increase in the activity of
the ,8-lactam antibiotics studied was found in the test
system.
With the two modifications mentioned above,

penicillin-G, cloxacillin, cephalothin and carbenicil-
lin can be assayed microbiologically in sera contain-
ing therapeutic concentrations of aminoglycosides
with an accuracy of + 15% (Table 1).
We are aware that other polyanions like sodium

polyanethol have been used for aminoglycoside
inactivation in assays of other antibiotics,7 but com-
parative tests were not performed.

I wish to thank Professor RP Mouton, Department
of Medical Microbiology, University Hospital,
Leiden for his critical support, and Dr H Mattie,
Department of Infectious Disease, University Hos-
pital, Leiden, for his comments.
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Congo blue: a rapid stain for
elastic fibres
JD DAVIES,* EW YOUNGt University Department of
Pathology, Bristol Royal Infirmary, Bristol
BS2 8HW

There are numerous empirical methods for staining
elastic fibres.' Most require relatively lengthy pro-
cedures which involve overnight incubation, and are
therefore not adapted to simultaneous evaluation
with the corresponding haematoxylin and eosin-
stained sections.
Congo red, a dye which was initially used in com-

mercial colouring of cotton fabrics, is often emp-
loyed for the diagnosis of amyloid in human tissue.23
Most batches of Congo red, even when used in the
standardised saturated salt conditions described by
Puchtler et al4 also stain elastic fibres. Such elastic
staining can, of course, be a disadvantage when
identification of amyloid is desired. Although the
anisotropic and dichroic characteristics of amyloid
usually distinguish it from elastic fibres, the inex-
perienced histopathologist may find the distinction
difficult. This problem may be accentuated in the
dermis, where the recent demonstration of the P
component of amyloid in elastic fibres5 could well
add to the confusion.
The Congo staining method which we describe is a

modification of that of Highman.3 It demonstrates
elastic fibres clearly and distinguishes them sharply
from amyloid.

Material and methods

The tissues were fixed in unbuffered fresh formol
saline. They were processed via xylene for paraffin
embedding in the routine manner. Paraffin sections
(5 gm) were taken to water.
The sections were stained with 0-5% (wt/vol)

Congo red in 50% alcohol according to the method
of Highman3 for 10 min. Thereafter the sections
were rinsed in distilled water.

Instead of the exposure to alkaline ethanol,
appropriate for Highman's Congo red procedure,
the sections are then rinsed for about 10 s in 1 %
hydrochloric acid in 70% ethanol. With this treat-
ment the sections become blue to the naked eye.
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