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The in vitro activity of BL-S640 (cefatrizine) was determined against 674
recent clinical isolates of Staphylococcus aureus and Enterobacteriaceae. Activ-
ity against S. aureus was less than that of cephapirin, cephalothin, and cefazo-
lin, but greater than that of cephalexin. Activity against gram-negative isolates
was variable: BL-S640 was slightly less potent than cefazolin against Esche-
richia coli and Klebsiella, but more active than the other compounds. As for the
more resistant gram-negative genera, BL-S640 was significantly superior to the
control cephalosporins. The effect of inoculum size on the antibacterial activity
was moderate for most organisms except Enterobacter, Providencia stuartii, and
indole-positive Proteus, the median minimal inhibitory concentrations of which
were 6 to 27 times lower when determined with a 10~*-diluted culture compared
with the undiluted one. The stability in aqueous solution at 37 C was remarka-

bly high at the lower pH values, but low at the neutral point.

BL-S640, 7-|R-a-amino-a-(4-hydroxyphenyl)-
acetamido]-3-(1,2,3-triazol-5-ylthiomethyl)-
ceph-3-em-4-carboxylic acid, is a new semi-
synthetic cephalosporin derivative. Most ceph-
alosporins have a broad spectrum and are used
for a variety of infections caused by both gram-
positive and gram-negative organisms. How-
ever, most derivatives have little or no effect
against the more resistant Enterobacteriaceae
such as members of the genera Enterobacter,
Serratia, Providencia, and indole-positive Pro-
teus. Preliminary studies with BL-S640 suggest
good activity against all these isolates except
Serratia, which is highly resistant (6, 10). The
compound is well adsorbed orally and parenter-
ally, and its therapeutic efficacy in rodents in-
fected systemically with a variety of pathogenic
bacteria appears to be significantly greater
than would be predicted on the basis of its
comparative activity in vitro (7). The aim of the
- present investigation was (i) to determine the
antibacterial activity of BL-S640 against both
gram-positive and gram-negative organisms;
(ii) to compare the in vitro activities of cephalo-
thin, cephalexin, cefazolin, and cephapirin; (iii)
to evaluate the effect of inoculum size on anti-
bacterial activity; and (iv) to determine the sta-
bility of the compound in aqueous solution, at
various pH values, at 37, 25, and 4 C.

MATERIALS AND METHODS

BL-S640, cefazolin, and cephapirin were obtained
from Bristol Laboratories; cephalothin and cepha-

lexin were kindly supplied by Eli Lilly and Co.
Bacterial strains were isolates from patients hospi-
talized in various Gent city hospitals. There were
215 clinical isolates of Staphylococcus aureus, 432
isolates of Enterobacteriaceae, and 27 Pseudomonas
aeruginosa; all these strains were maintained on
nutrient agar slants, stored in the refrigerator, and
subcultured at monthly intervals.

Susceptibility testing methods. Susceptibility
was determined by an agar dilution method on
Trypticase soy agar (Difco). The inoculum consisted
of a 10~2 dilution of an overnight culture in tryptic
soy broth (Difco), containing approximately 10° via-
ble cells/ml, and was applied to the surface of the
agar in 1- ul quantities with the aid of the multipoint
inoculator of Steers et al. (9). Swarming of Proteus
was prevented by incorporation into the agar me-
dium of 60 ug of 1-(4-nitrophenyl)-propantriol-(1,2,3)
per ml, which was proved to influence the results of
minimal inhibitory concentration (MIC) determina-
tions in no way. Plates were incubated for 18 h at
37 C, and the MIC was recorded as the lowest con-
centration of antibiotic giving complete inhibition of
growth, as judged by the naked eye. Solutions of all
antibiotics were prepared with sterile 1% phosphate
buffer, pH 6.0.

Influence of inoculum size. The influence of the
inoculum size on the activity of BL-S640 was as-
sessed by comparing the MIC values obtained with
the undiluted broth culture and with a 102 and a
10~* dilution as inoculum; as for cephalexin, only the
undiluted culture and the 10~* dilution were com-
pared. Approximate numbers of colony-forming
units deposited on the agar surface were 10¢, 104,
and 102, respectively.

Stability of BL-S640 in aqueous solution. Anti-
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biotic stability during storage of 0.07 M phosphate-
buffered solutions (1 mg/ml) of BL-S640 was as-
sessed at 4, 25, and 37 C and at various pH values.
Phosphate-buffered solutions were used throughout
for preparing stock solutions of antibiotics and had a
fairly stable pH in the range 5.0 to 8.0. The acid
stability at 37 C was determined by using a 1-mg/ml
solution in 0.1 M hydrochloric acid, which was
shown to have an approximate pH value of 1.0.
Residual activities were determined turbidimetri-
cally, according to the methods described by Arret et
al. (1). The assay organism was S. aureus ATCC
6538P. This particular strain gave a linear calibra-
tion curve in the range 0.01 to 0.16 ug of BL-S640
activity per ml in the assay broth. The percentage of
transmission versus concentration graph was found
to give the best straight line over this concentration
range. Antibiotic medium 3 (Difco) was used, and
the test required 3 to 4 h of incubation at 35 to 37 C.
Changing the pH of the assay broth from 6.0 to 8.0
(the pH range of growth of the assay organism), we
found that at pH 7.0 the dose-response line was
straight with the greatest slope. Decomposition of
the drug at this pH during a 4-h incubation period
was found not to influence the reproducibility of
results.

RESULTS

Antibacterial activity. The spectrum of anti-
microbial activity of BL-S640 against S. aureus
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and various Enterobacteriaceae is shown in
Fig. 1. The antibiotic was more effective
against S. aureus than against gram-negative
bacilli. However, the latter organisms showed a
rather compact susceptibility spectrum, indi-
cating good activity of the compound against
almost all Enterobacteriaceae. Its gram-nega-
tive spectrum included strains of Enterobacter,
indole-positive Proteus, Providencia stuartii,
and Citrobacter, species generally resistant to
other cephalosporins (2-5). However, there was
no demonstrable antibacterial activity (MIC >
100 ug/ml) against Serratia marcescens (13
strains) and Pseudomonas aeruginosa (27
strains), which are not included in the figure.
The comparative activities of the five tested
cephalosporins against each individual species
are illustrated in Fig. 2 to 7 and in Table 1.
Cephapirin, cephalothin, and cefazolin were
more active against S. aureus than was BL-
S640 (Fig. 2). However, the latter compound in
a concentration of 12.5 ug/ml inhibited almost
all strains and was distinctly superior to cepha-
lexin, the MIC values of which were about four
times higher. Cefazolin was the most active
compound against Escherichia coli; neverthe-
less, BL-S640 was about fourfold more active
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F1c. 1. Susceptibility of various clinical isolates to BL-S640.
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Fic. 2. Comparative activity of five semisynthetic cephalosporins against Staphylococcus aureus (215

isolates).

than cephalothin and cephapirin and four- to
eightfold more active than cephalexin (Fig. 3).
Against Klebsiella, cefazolin was again slightly
superior to BL-S640. The latter compound had
MICs equal to those of cephapirin for about half
of the strains, but was twice as active for the
other half, two to four times more active than
cephalothin, and four to eight times more ac-
tive than cephalexin (Fig. 4). However, some of
the more resistant Klebsiella strains were as
susceptible to cephalexin as to BL-S640. The
Citrobacter strains tested showed little, if any,
susceptibility to any compound except BL-S640,
which was markedly active: 88%.of the isolates
were inhibited at 12.5 ug/ml (Fig. 5). The sus-
ceptibility pattern of Enterobacter strains was
very similar: more than 50% were inhibited by
12.5 ug of BL-S640 per ml, whereas the activity
of the control compounds was very low (Fig. 6).

To a certain degree, all derivatives showed
satisfactory activity against most isolates of
Proteus mirabilis, BL-S640 being again the
most potent drug and cephalexin the least po-
tent (Fig. 7). The MIC ratio for the two latter
commpounds was about 1:8. The comparative an-

tibacterial activity of the five antibiotics
against indole-positive Proteus and Providen-
cia species is shown in Table 1. Twenty-five
percent of Proteus vulgaris strains were in-
hibited by 1.56 ug of BL-S640 per ml or less,
and 58% were inhibited by 6.25 ug/ml. The
mean MIC values of the antibiotic against the
latter species were 1.5 to 2 times higher than
those against Proteus mirabilis. Against Pro-
teus morganii and Proteus rettgeri, BL-S640
was more active than the control compounds by
about five- and threefold, respectively. Sixty-
one percent of P. morganii and 50% of P. rett-
geri strains were inhibited by BL-S640 in a
concentration of 6.25 ug/ml. Strains of Provi-
dencia alcalifaciens showed good susceptibility
to BL-S640: 91% were inhibited by 12.5 ug/ml.
As for Providencia stuartii, only 50% of the
strains were inhibited by the same concentra-
tion. This activity was still markedly in excess
of that of the control compounds, which had
only minimal antibacterial activity against this
species.

Effect of inoculum size. Varying the size of
inoculum from an undiluted overnight culture
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TaBLE 1. Comparative in vitro susceptibility of indole-positive Proteus and of Providenica to five antibiotics

Cumulative percent susceptibility at increasing concn (ug/ml)y

Organism Antibiotic Nol.;:t;;so-
039 0.78 156 3.13 6.25 125 25 50 100 >100
Proteus vul- BL-S640 23 4 25 42 58 67 71 92 100
garis Cephalothin 9 22 39 48 61 65 100
Cephalexin 13 44 52 65 74 100
Cefazolin 5 9 32 50 55 77 86 100
Cephapirin 5 9 27 50 59 68 73 100
Proteus mor- BL-S640 36 6 33 47 61 67 86 100
ganii Cephalothin 1 220 25 28 31 100
Cephalexin 25 28 31 47 100
Cefazolin 20 26 29 43 91 100
Cephapirin 6 23 31 34 43 100
Proteus rettgeri BL-S640 8 13 25 50 63 88 100
Cephalothin 13 25 38 100
Cephalexin 13 25 50 100
Cefazolin 13 38 50 63 100
Cephapirin 13 25 50 100
Providencia al- BL-S640 11 18 27 73 91 100
califaciens Cephalothin NT®
Cephalexin 18 54 73 82 100
Cefazolin 9 27 46 64 73 82 100
Cephapirin 9 27 36 91 100
Providencia BL-S640 9 13 50 15 88 100
stuartii Cephalothin 78 100
Cephalexin 56 78 100
Cefazolin 67 89 100
Cephapirin 22 100

¢ Percentage figures are to the nearest whole number.

® NT, Not tested.

to a 10~* dilution gave a two- to fourfold de-
crease of the MIC values for strains of S. au-
reus, E. coli, Klebsiella, and Proteus mirabilis
(Table 2). As for the more resistant Enterobac-
teriaceae, inoculum effect was markedly more
pronounced, with a maximum effect for Entero-
bacter cloacae and Providencia stuartii. The
mean MIC of the two latter organisms in-
creased respectively by a factor of up to 21 and
27 if an undiluted rather than a 10~*diluted
culture was used for the inoculum. For most
organisms, the effect of inoculum size was
slightly to markedly greater with BL-S640 than
with cephalexin.

Stability of BL-S640 in aqueous solution.
Stability in 0.07 M phosphate-buffered solution
at 4 C gave the following results: at pH 7.0 and
8.0 more than 50% inactivation occurred over a
period of 15 days; at pH 6.0 the inactivation
attained only about 15%, and at pH 5.0 activity
was fully maintained after the same period of
time. The stability at 37 C is shown in Fig. 8.
At pH 1.0 there was a loss of activity of only

10% in 24 h, and at pH 5.0 there was a loss of
about 15%. Great losses .occurred at higher pH
values: the half-life was 8.5 h at pH 6.0 and
about 4 h at pH 7.0 and 8.0.

At 25 C, half-life times were 6 h at pH 8.0, 12
h at pH 7.0, and about 30 h at pH 6.0. At pH 5.0
no loss in activity could be detected after 24 h.

DISCUSSION

BL-S640 is known to display considerable an-
tibacterial activity against a variety of both
gram-negative and gram-positive clinical iso-
lates (6, 10). In the present study the antibiotic
was found to be less active than three of the
control compounds against S. aureus, but nev-
ertheless more active than cephalexin. In gen-
eral, the antibacterial spectrum against gram-
negative organisms was superior to that of the
other cephalosporins, including cefazolin, as far
as the more resistant Enterobacteriaceae are
concerned. The overall activity of BL-S640 was
well in contrast with that of cephalothin and
cephapirin, which showed the highest activity
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Fic. 3. Comparative activity of five semisynthetic cephalosporins against Escherichia coli (155 isolates).
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F1c. 4. Comparative activity of five semisynthetic cephalosporins against Klebsiella species (45 isolates).
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F1c. 5. Comparative activity of five semisynthetic cephalosporins against Citrobacter species (25 isolates).
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Fic. 7. Comparative activity of five semisynthetic cephalosporins against Proteus mirabilis (75 isolates).

TaBLE 2. Effect of inoculum size on the activity of BL-S640 and cephalexin against various organisms

Organism No. of BL-5640 Cephalexin
strains  MIC,MIC, MIC/MIC, - MICyMIC, MIC/MIC)
Staphylococcus aureus ................. 15 1.8 24 4.3 1.9
Escherichiacoli ....................... 16 1.7 2.5 3.4 2.6
Klebsiella, sp. ......................... 5 - 1.6 " 1.2, 1.8 1.8
Enterobacter cloacae ................... 3 16.0 1.3 21.3 13.3
Proteus mirabilis ...................... 15 2.1 1.3 2.9 2.1
Proteus morganii ...................... 8 2.8 3.0 8.0 4.5
Proteus vulgaris ....................... 4 12.0 1.5 18.0 5.5
Proteus rettgeri ........................ 3 4.3 1.7 6. 3.
Providencia stuartii .................... 3 8.0 3.3 26. 16.0

¢ MIC,: Minimal inhibitory concentration with undiluted inoculum (overnight broth culture); MIC,:
minimal inhibitory concentration with 10-2-diluted inoculum; MIC,: Minimal inhibitory concentration with
10~*-diluted inoculum. Ratios are expressed as mean values for each species.

of the antibiotics tested against S. aureus, but
among the Enterobacteriaceae inhibited only
strains of E. coli, Klebsiella, and Proteus mira-
bilis at concentrations of drug readily achieva-
ble in man. Furthermore, BL-S640 was more

active than cephalexin against all species
tested. A relatively high percentage of strains
belonging to the more resistant genera (Entero-
bacter, Citrobacter, indole-positive Proteus, and
Providencia) were susceptible to BL-S640.
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Fi1c. 8. Stability of BL-S640 in aqueous solution at 37 C. Initial solutions contained 1,000-ug/ml activity.
Residual activities were measured by using a turbidimetric method.

However, similar to the other cephalosporins
(2-5, 8), there was no demonstrable antibacte-
rial activity against Serratia marcescens and
Pseudomonas aeruginosa.

BL-S640 was slightly more affected in its an-
tibacterial activity by inoculum changes than
was cephalexin. This inoculum effect was mod-
erate for strains of S. aureus, E. coli, Klebsi-
ella, and Proteus mirabilis, but considerably
higher for the more resistant organisms. In
part, this may be due to enzymatic inactivation
of the antibiotic by B-lactamases.

Cephalosporins have been known to undergo
remarkably facile cleavage of their B-lactam
bonds in aqueous solution. The acidic hydroly-
sis of cephalexin was found to be independent of
pH, and this cephalosporin was shown to be
fairly acid stable (11). In our experiments, BL-
S640 also displayed remarkable stability in the
pH range of 5.0 to 1.0, even at 37 C. However,
above pH 6.0, stability very rapidly decreased
with increasing pH.
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