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Since the antagonism between chlorampheni-
col and penicillin in streptococci was first
described in 1951 by JAWETZ et al.,” numerous
reports have been published concerning anta-
gonistic effects among various chemothera-
peutic agents.2.®# In our previous paper®.®
we presented the results of the morphological
investigation by electron microscope on
Staphylococcus aurens exposed to cephalexin and
macrolide antibiotics. The present study was
undertaken to observe at cellular levels with an
electron-microscope antagonistic effects on
staphylococcal organisms of cephalexin (CEX),
an antibiotic known to interfere with cell wall
formation in the bacteria, and erythromycin
(EM), an antibiotic which inhibits protein
synthesis in them.

Staphylococcus aureus strain FDA 209 P was
cultured in heart infusion broth (Nissan) at
37°C. When the bacterial cultures were enter-
ing the logarithmic phase of growth, they were
added to the incubation medium. The antibio-
tics, each alone or both in combination, were
added at the same time as the bacteria to give
the following concentrations: cephalexin, 20
mcg/ml; erythromycin, 1.0mcg/ml. After
the antibiotics were added, sufficient time was
allowed for them to permeate the cells. The
cultures were measured to determine the
numbers of growing bacteria and then centrifug-
ed at 3,000 r.p.m. for 5 minutes to collect them.
These cells were fixed in 1% osmium tetroxide
for 16 hours according to the method of
KELLENBERGER ef al.,” dehydrated with an
alcohol series and then embedded by the method
of LUET et al.® Ultrathin sections were prepared
by an LKB microtome (Sweden) with a diamond
knife and then subjected to double staining with
uranyl acetate and lead citrate for subsequent

observations with an Akashi S-500 electron-
microscope.

The determination of the numbers of growing
bacteria demonstrated that the concurrent
treatment with both CEX and EM resulted in
marked antagonism between the two drugs in
their effects on growth curves of S. aqureus (Fig.
1).

Without either antibiotic, the viable cell
number increased during 4 hours. With EM
alone, it remained constant but with CEX
alone the count rapidly decreased after 4 hours.
However, when incubated in the presence of
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Fig. 1. Growth inhibition of Staphylococcus aureus
by cephalexin and erythromycin.

both EM and CEX together, the count remained
constant during the entire 4-hour period, thus
showing the antagonistic action of the com-
pounds to each other. The antibiotic effect was
not entirely vitiated when in combination, for
the numbers of S. aureus did not increase but
remained stationary, similar to the result of
treatment with EM (Fig. 1). The electron
microscopic observations revealed that the cells
alJlowed to grow in the presence of CEX 20 mcg
/ml alone had their protoplasts formed in almost
all cases (Fig.3) and morphological changes
associated with protoplast formation were most
pronounced at 4 hours after treatment with the
drug. The cells treated with 1mecg/ml EM



VOL. XXVI NO. 6

J i . : s
Fig. 2. Ultrathin section of intact Staph. aureus

FDA 209 P.
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Fig. 4. Section of Staph. aureus 4 hours after treat-
ment with 1 mcg/ml erythromycin. Note markedly

thickened cell walls.

alone, on the other hand, developed markedly
thickened cell walls (Fig. 4). In the presence
of both CEX and EM, however, neither proto-
plast formation nor cell wall thickening did
occur, but swollen separating walls were observ-
ed in the cells (Fig. 5).

In general, bacteria are known to produce
autolytic enzymes that attack mucopeptides.
The antagonism observed between bactericidal
antibiotics, such as penicillin and cephalosporin,
and bacteriostatic antibiotics, like chloram-
phenicol and tetracycline, is considered to be
due to the inhibition of bacterial autolytic
enzyme production by the latter. This blocks
the lysis of cell walls. The present study was
an attempt at visual analysis of these pheno-
mena with the use of an electron-microscope.
When CEX was allowed to act alone, bacterial
cells turned to protoplasts that contained no
cell walls. When both CEX and EM were
allowed to act together, however, no protoplast
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Section of Staph. aureus 4 hours after treated
with both cephalexin and erythromycin. Swollen
separating walls are evident while no cell wall
thickening is noted.

Fig. 5.

formation was observed. This morphological
finding suggests that the bacterial production of
autolytic enzymes, which is considered responsi-
ble for the loss of the cell wall, is inhibited
when both antibiotics act on S. gureus. As far
as the authors know this is perhaps the first
visual evidence of an antibiotic antagonism
studied with an electron-microscope.
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