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Exposure of erythromycin solutions to CO2 or air for 18 h resulted in minimal
deterioration under both conditions. Saturated disks exposed to the two atmo-
spheres resulted in greater erythromycin deterioration, with slightly more deterio-
ration occurring in the presence of CO2. Reduction of activity was greatest when
assays were conducted in a CO2 environment.

Erythromycin is a macrolide antibiotic elabo-
rated by Streptomyces erythraeus. Early studies
showed acid pH to be detrimental to the activity
of erythromycin, whereas its activity was in-
creased with alkalinity, approximately 10-fold
for each pH unit (3, 12). Clinically, the efficacy
of erythromycin in treating urinary tract infec-
tions has been augmented by alkalinization of
the urine (11, 17). Significant differences in the
antibacterial activity of erythromycin have been
reported and attributed to variables in method-
ology such as pH of the medium and presence or
absence of CO2 in the atmosphere. The effect of
CO2 and pH on the in vitro activity of erythro-
mycin has been noted most markedly with an-
aerobic bacteria, especially Bacteroides fragilis
(1, 2, 4-7, 9, 13-16).
The synthesis of erythromycin by S. erythrae-

us is inhibited 40% when submerged fermenta-
tions are sparged with 11% CO2. This effect was
unrelated to the growth of S. erythraeus or pH of
the medium (8). To determine whether CO2
might inactivate erythromycin as well as inhibit
its synthesis, we investigated the effect of CO2
on the activity of erythromycin.
Micrococcus luteus ATCC 9341 was used as

the test organism. The isolate was removed from
-70°C storage, transferred twice to ensure puri-
ty, plated onto nutrient agar (Difco Labora-
tories, Detroit, Mich.), and incubated at 35°C for
24 h. Growth was suspended in tryptose phos-
phate broth (Difco) to obtain an optical density
of 0.47 at 550 nm (Coleman Junior spectropho-
tometer). Five-milliliter portions were refrigerat-
ed at 2 to 8°C and stored for 4 to 6 weeks. When
ready for use, 0.04 ml of the micrococcus sus-
pension was added to 20 ml of nutrient agar, and
plates (150 by 15) were poured.

t Present address: R. M. Alden Research Laboratory,
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Antibiotic solutions were prepared by dissolv-
ing laboratory standard powder in 95% ethanol
and subsequently diluting it in sterile distilled
water. Serial dilutions from 100 to 1.56 tLg/ml
were made, and four concentrations (25, 12.5,
3.12, and 1.56 ,ug/ml) were chosen for testing.
Twenty microliters of antibiotic standard solu-
tion were used to saturate sterile 0.25-in. (0.625-
cm) filter paper disks having a surface area of
28.3 mm2. Portions of each standard solution (5
ml in plastic petri dishes [15 by 100 mm] having
an inside surface area of 6,362 mm2) and sets of
each antibiotic standard saturated disk were
placed in GasPak jars (BBL Microbiology Sys-
tems, Cockeysville, Md.) containing either 10%
CO2 and air (obtained by evacuating and replac-
ing 10% of the atmosphere with CO2) or room
air. The jars were placed on a shaker and left at
room temperature for 18 h. Sets of sterile filter
paper disks were then saturated with 20 pl of the
previously prepared erythromycin solutions. A
total of four experimental sets were prepared.
Fresh erythromycin standards were prepared
and used to saturate another set of paper disks.

Sets of saturated disks from each of the four
experimental groups were assayed along with
sets of freshly prepared and saturated disks.
Four experimental disks, one for each erythro-
mycin concentration in each set, were assayed
along with the four corresponding freshly pre-
pared standard disks per plate. All plates were
incubated at 35°C for 18 h and then examined.
The experiments were run in triplicate. In addi-
tion, sets of fresh standard disks were assayed
alone against the test organism and incubated in
either room air or 10% CO2 environments at
35°C for 18 h. The growth of isolated colonies of
M. luteus in 10%/ CO2 and room air without
antibiotic disks present was also observed and
measured.

Standard curves were constructed from the
mean values of the triplicate determinations, and
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TABLE 1. Effect of various conditions on erythromycin activity
Condition Erythromycin concn (pg/ml)

Assayed in air
Fresh standard solution 25.0 12.5 3.12 1.56
Standard solution exposed to CO2 23.5 11.5 2.8 1.5
Standard solution exposed to air 22.0 11.0 2.8 1.1
Standard solution, applied to disks exposed to CO2 12.0 7.6 2.6 1.1
Standard solution, applied to disks exposed to air 17.5 8.5 3.1 1.2

Assayed in CO2
Fresh standard solution 10.1 5.2 1.3 0

estimates of erythromycin concentrations were
made with the results of the fresh standard
solution assays as the absolute values.

In addition, measurement of the pH of the
erythromycin test solution and the saturated
disks were made in triplicate before and after
incubation in both atmospheres with paper pH
strips (Colorplast, E. M. Reagent; E. Merck
AG, Darmstadt, Germany). Measurements of
the pH of the agar surface of both inoculated and
uninoculated plates before and after incubation
in both atmospheres were made with a Beckman
Expandomatic SS-2 meter with a flat bulb com-
bination electrode. The pH of the control plates
containing no erythromycin was also deter-
mined.

Results on the effect of various conditions on
the activity of erythromycin are shown in Table
1. Exposure oferythromycin solutions to CO2 or
air resulted in minimal deterioration of activity.
Exposure of disks saturated with the 25-,ug/ml
standard solution resulted in approximately 50
and 30% loss of activity in CO2 and air, respec-
tively. Disks saturated with the lower concentra-
tion standard solutions were less dramatically
affected. When fresh standard solutions were
assayed in a CO2 environment, there was a
marked decrease in the activity oferythromycin.
The sizes of the colonies of the assay organism
were slightly larger when they were incubated in
room air as compared with their sizes in the CO2
environment.
When the effects of exposure to air and CO2

on pH measurements under various conditions
were studied, it was shown that the change in
pH after exposure to room air was always less
than that after exposure to the 10%o CO2 environ-
ment. The standard solution exposed to air had
either no pH change or an increase of 0.2,
whereas exposure to 10%o C02 resulted in a pH
decrease of 0.2 to 0.6. Disks saturated with the
various concentrations of erythromycin showed
a similar trend, with a maximum pH decrease of
0.2 after exposure to air but a pH decrease of 0.5
to 0.8 after exposure to a 10%o C02 atmosphere.
Though the pHs of both the standard solutions

and saturated disks were between 5.5 to 5.9 on

initial measurement, the pH of uninoculated
nutrient agar plates without erythromycin disks
was between 6.50 and 6.58. These plates showed
a pH decrease of 0.54 in the CO2 environment
and of 0.03 in the room air environment. After
exposure to room air, inoculated and uninoculat-
ed nutrient agar plates with erythromycin disks
showed a decrease in pH of 0.11 to 0.20 and 0.11
to 0.04, respectively. After exposure to 10%
C02, there was a decrease of 0.48 to 0.62 and
0.48 to 0.65 in the agar surface pH of inoculated
and uninoculated plates, respectively.
From these results, it appears that CO2 does

not inactivate erythromycin, since solutions ex-
posed to CO2 or air showed little difference in
activity. With the exception of the highest con-
centration of erythromycin, results were similar
when solutions were applied to disks. Although
the growth of the assay organism was slightly
diminished in the CO2 environment, the appar-
ent activity of erythromycin was less and the pH
was reduced. Our results lend support to the
observations of Hansen et al. (4) that uncon-
trolled pH in a CO2 atmosphere results in appar-
ent reduction of erythromycin activity.
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