
Vol. 25, No. 1ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Jan. 1984, p. 131-133
0066-4804/84/010131-03$02.00/0

Comparative Antibacterial Activities of 7oL-Methoxy Cephalosporins
and 73-Methoxyiminoacetamido Cephalosporins Against Bacteroides

fragilis
TADATAKA KESADO,* KUNITOMO WATANABE, YOSHINARI ASAHI, MIDORI ISONO, AND KAZUE UENO

Institute of Anaerobic Bacteriology, Gifu University School of Medicine, Gifu, Japan

Received 14 March 1983/Accepted 17 October 1983

The in vitro antibacterial activities of the newly developed 7a-methoxy cephalosporins and 7I-
methoxyiminoacetamido cephalosporins against 67 clinical isolates of Bacteroides fragilis and their
resistance to the hydrolytic action of a ,-lactamase produced by B. fragilis were simultaneously compared.
The minimal inhibitory concentrations that inhibited 90% of the 7a-methoxy cephalosporins, cefoxitin,
cefmetazole, moxalactam, and cefotetan, against the isolates were 4, 8, 8, and 16 jig/ml, respectively, and
these antibiotics were entirely resistant to hydrolysis by ,-lactamases (0.10 ,umol/h per mg of protein) of the
isolates. By contrast, 7p-methoxyiminoacetamido cephalosporins represented by cefotaxime, ceftizoxime,
and cefmenoxime were not effective, as indicated by the minimal inhibitory concentrations that inhibited
90%, 64, 32, and 128 ,ug/ml, respectively. Their antibacterial activities clearly corresponded to their
resistance to the hydrolytic action of the P-lactamase: namely, the correlation coefficients in regression
curves of cefotaxime, ceftizoxime, and cefmenoxime, which were expressed by the antibacterial activity (x
axis) and the ,-lactamase activity (y axis) were 0.098, 0.034, and 0.163, respectively.

In recent years, anaerobic bacteria, especially Bacteroides
fragilis, have been isolated from clinical specimens with
increasing frequency (6, 8). Several investigators have re-
ported that B. fragilis strains produce a ,B-lactamase which
has cephalosporinase activity and that it plays a significant
role in the resistance of these organisms to B-lactam com-
pounds (2, 11, 13, 17, 22). On the other hand, several new -
lactam compounds have been developed in recent years for
the treatment of infections caused by resistant organisms
which produce a ,-lactamase (1, 7, 9, 20). Prominent among
such compounds are cefoxitin, cefmetazole, moxalactam,
and cefotetan, which are grouped as 7a-methoxy cephalo-
sporins, and cefotaxime, ceftizoxime, and cefmenoxime,
which are included in the 7p-methoxyiminoacetamido ceph-
alosporin group. Both groups are currently in clinical use.
The present study was undertaken to compare the in vitro
antibacterial activities of 7a-methoxy cephalosporins and
7,3-methoxyiminoacetamido cephalosporins against 67 clini-
cal isolates of B. fragilis and to investigate whether there
exists a correlation between their antibacterial activity and
the resistance to the hydrolytic action of ,B-lactamases
produced by B. fragilis.

MATERIALS AND METHODS
Organisms. All of the 67 B. fragilis isolates tested were

obtained from clinical specimens and were identified at the
Institute of Anaerobic Bacteriology, Gifu University School
of Medicine, Japan, according to the criteria of the Virginia
Polytechnic Institute Anaerobe Laboratory Manual (21).
Organisms were maintained at room temperature in tubes
containing GAM semisolid medium (1% peptone, 0.3% soya
peptone, 1% proteose peptone, 1.35% serum digest powder,
0.5% yeast extract, 0.22% beef extract powder, 0.12% liver
extract powder, 0.3% glucose, 0.25% potassium dehydrogen
phosphate, 0.3% sodium chloride, 0.5% soluble starch,

* Corresponding author.

0.03% L-cystein hydrochloride, 0.03% sodium thioglycol-
late, 0.15% agar) (Nissui Seiyaku Co.) and were subcultured
periodically onto fresh medium until the time of antibacterial
activity determination.

Antibiotics. Standard antibiotic powders were kindly pro-
vided by the following manufacturers: cefoxitin by Merck &
Co., Inc., Rahway, N.J.; cefmetazole by Sankyo Co., To-
kyo; moxalactam by Shionogi & Co., Osaka; cefotetan by
Yamanouchi Pharmaceutical Co., Tokyo; cefotaxime by
Hoechst-Roussel Pharmaceutical Inc., Sommerville, N.J.;
ceftizoxime by Fujisawa Pharmaceutical Co., Osaka; and
cefmenoxime by Takeda Chemical Industries, Ltd., Osaka.

Determination of MICs. Antibacterial activity (expressed
as minimum inhibitory concentration [MIC]) of all antibiot-
ics tested was determined by the agar dilution technique as
described previously (10). Antibiotic solutions were freshly
prepared for each test, using sterilized distilled water as the
diluent for cefoxitin, cefmetazole, moxalactam, and cefote-
tan and 10% sodium bicarbonate solution sterilized by
filtering (MILLEX-GS; Millipore Corp., Bedford, Mass.) for
cefotaxime, ceftizoxime, and cefmenoxime.

Assay for ,-lactamase activities. The organism was subcul-
tured overnight at 37°C in 30 ml of GAM broth (Nissui
Seiyaku Co.) under an 80% N2-10% H2-10% CO2 atmo-
sphere in an anaerobic chamber (Forma Scientific) trans-
ferred to 300 ml offresh GAM broth, and incubated for 4 h at
30°C under the same anaerobic conditions. The cells were
harvested by centrifugation, washed once in 0.1 M phos-
phate buffer (pH 7.0), and suspended in 25 ml of the same
buffer. Bacterial cells were sonicated in an ultrasonic cell
disruptor (Branson Sonifier, model W-185; Branson Instru-
ments, Inc., Stamford, Conn.) at full amplitude for three
periods of 1 min each at 0°C. The remaining cell debris was
removed by centrifugation at 15,000 x g in a model RD-20II
TOMY SEIKO refrigerated centrifuge for 1 h at 2°C. The
clear supernatant fluid was used as the source of ,-lacta-
mase. 3-Lactamase activity was determined by the iodomet-
ric method of Sawai et al. (18).
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FIG. 1. Correlation between MICs and 3-lactamase susceptibil-
ity of seven cephalosporins obtained with 67 B. fragilis strains and
their enzymes. The MICs and 3-lactamase activities were deter-
mined as described in the text. Symbols: cefoxitin, cefmetazole,
moxalactam, and cefotetan, 0; cefmenoxime, 0; cefotaxime, A;
ceftizoxime, O.

RESULTS
The comparative in vitro activities of cefoxitin, cefmeta-

zole, moxalactam, and cefotetan, which are grouped as 7a-
methoxy cephalosporins, against 67 isolates ofB. fragilis are
shown in Table 1, along with those for cefotaxime, ceftizox-
ime, and cefmenoxime, which belong to the 73-methoxy-
iminoacetamido cephalosporins. All of the isolates were
susceptible to 16 ,ug/ml or less of the 7a-methoxy cephalo-
sporins tested, except for cefmetazole. Only 4.5% of the B.
fragilis isolates tested were not susceptible to cefmetazole at
this concentration. Each of the 7a-methoxy compounds gave
a single mode in the sensitivity distribution pattern with
MICs from 0.5 to 4 ,ug/ml. On the other hand, only 46.3,
56.8, and 48.7% of the B. fragilis isolates were susceptible to
cefotaxime, ceftizoxime, and cefmenoxime at concentra-
tions of 16 ,xg/ml, respectively. All members of this group
tested showed a bimodal distribution pattern with MICs
from 2 to 4 ,ug/ml and from 32 to 64 ,ug/ml.

The correlation between the antibacterial activities of 7ca-
methoxy and 7,-methoxyiminoacetamido cephalosporins
against 67 isolates of B. fragilis and their stabilities against
hydrolysis by the B. fragilis P-lactamase is illustrated in Fig.
1. Our study shows that cefoxitin, cefmetazole, moxalactam,
and cefotetan are stable for hydrolysis by P-lactamases
produced by the B. fragilis. There were no significant
differences between antibacterial activities against 3-lacta-
mase-producing and -nonproducing strains among the 7a-
methoxy cephalosporins tested. However, the antibacterial
activities of cefotaxime, ceftizoxime, and cefmenoxime cor-
related with their stabilities to the hydrolytic action of the B.
fragilis P-lactamases.

The regression curves between the antibacterial activities
(x axis) and the P-lactamase activities (y axis) of cefotaxime,
ceftizoxime, and cefmenoxime are expressed as y = 0.098x
- 0.1 (correlation coefficient = 0.804), y = 0.03x + 0.02

(correlation coefficient = 0.856), and y 0.103x + 0.7
(correlation coefficient = 0.693), respectively. The slope
coefficients are approximately in close accord with the
antibacterial activities represented by the MICs that inhibit-
ed 50%o and the MICs that inhibited 90% (Table 1).

DISCUSSION
The production of P-lactamase by 91% of the 67 isolates of

B. fragilis isolates in this study is very similar to the figure of
90% reported by Olsson et al. (13) for 231 Bacteroides
isolates and 89% reported by Crosby et al. (2) for 100 B.
fragilis isolates. Although other mechanisms such as imper-
meability (5, 12) can be associated with the resistance of B.
fragilis against --lactam compounds, the production of ,B-
lactamase (4, 8, 19) seems to be the most important factor.
Since 91% of the B. fragilis isolates elaborated a cephalo-
sporinase, it is not surprising that 7P-methoxyiminoaceta-
mido cephalosporins such as cefotaxime, ceftizoxime, and
cefmenoxime were not particularly effective against B. fra-
gilis. Our figures on the correlation of the antibacterial
activity and the stability of cefoxitin and cefotaxime to B.
fragilis ,B-lactamase are consistent with those of Pechere et
al. (15), who reported on the comparative hydrolysis of
cefoxitin and cefotaxime by B. fragilis MULB-1008 ,-
lactamase. Thus, the antibacterial activities of both the 7p-
methoxy and the 7,3-methoxyiminoacetamido cephalospo-
rins tested against B. fragilis correlate well with their
stability to P-lactamase.
We have found in this study that the antibacterial activities

of 7a-methoxy cephalosporins against B. fragilis were unaf-

TABLE 1. Comparative in vitro activities of 7a-methoxy and 7p-methoxyiminoacetamido cephalosporins against B. fragilis

No.ofiolates ode MIC No. of isolates MIC (p.gIml)
Antibiotics Notoesoltes Mo4e MIC at the mode For 50% For 90%Antibioticstested (/Mode MICNoof iColates Range inhibition inhibition

7a-Methoxy cephalosporins
Cefoxitin 67 4 53 2-16 4 8
Cefmetazole 67 4 41 2-64 4 16
Moxalactam 67 0.5 25 0.25-16 2 8
Cefotetan 67 2 31 1-16 4 4

7,B-Methoxyiminoacetamido
cephalosporins

Cefotaxime 67 4/64a 16/19 1->128 32 64
Ceftizoxime 67 2/32a 15/12 0.5-64 16 32
Cefmenoxime 67 4/64a 19/12 2->128 32 128

a Two numbers are given for 7p-methoxyiminoacetamido cephalosporins because the MICs showed a bimodal distribution.
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fected by 3-lactamase, whereas those of 7p-methoxyiminoa-
cetamido cephalosporins apparently were dependent on the
production of ,B-lactamase. In our MIC determinations for
the 7,-methoxyiminoacetamido cephalosporins, we ob-
tained bimodal distributions as shown in Table 1. Cuchural
et al., however, have demonstrated that B. fragilis TAL
2480, a clinical isolate, inactivated cefoxitin and other P-
lactam compounds (G. Cuchural, J. Mayhew, C. Denke, B.
Goldin, M. Malamy, and F. P. Tally, Program Abstr. In-
tersci. Conf. Antimicrob. Agents Chemother. 22nd, Miami
Beach, Fla., abstr. no. 717, 1982). The difference in our
results and those of Cuchural et al. suggest that B. fragilis
may elaborate a second 3-lactamase which does not belong
to the group proposed by Richmond and Sykes (16).
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