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Cefamandole readily diffuses from the serum into soft tissue interstitial fluid.
The rate of diffusion differs little from that of cephalothin. The concentrations of
antibiotic were greater in bile and urine during the entire period of study than is
necessary to kill susceptible pathogenic bacteria present in these fluids.

Cefamandole is a relatively new derivative of
the cephalosporins. It has been found to be very
active against gram-positive cocci and gram-
negative bacilli. The in vitro activity against
penicillin susceptible and resistant Staphylo-
coccus aureus is excellent (1, 6, 7). Cefaman-
dole has also been found to be effective against
a significant number ofclinical isolates ofEsch-
erichia coli and Klebsiella pneumoniae resist-
ant to other cephalosporins (1). Because of the
susceptibility of many of the bacteria causing
nosocomial infections, we believe it necessary
to determine the character of the excretion and
diffusion of the drug from the serum into other
body fluids. A comparison of time-serum
changes in cefamandole concentration in soft
tissue interstitial fluid, bile, and urine was un-
dertaken.

MATERIALS AND METHODS
Multiperforated polypropylene balls measuring

15 mm in diameter were implanted in the tissues of
the flank and abdominal wall in six adult mongrel
dogs. T-tubes were inserted in the common ducts.
After a period of 4 to 6 weeks, sufficient healing had
occurred to permit physiological exchange ofcapsule
fluid with the capilliaries. These capsules are iden-
tical to those described by Waterman and Kastan (9)
for the measurement of antibiotic concentrations in
interstitial fluid.
A 20-mg amount of cefamandole nafate per kg of

body weight was given intravenously to each ani-
mal. Serial blood specimens were obtained by veni-
puncture. Interstitial fluid from the abdominal wall
was withdrawn from the implanted capsule with a
23-gauge needle, and bile was obtained from the T-
tube. All specimens were obtained hourly for 4 h.
Microbiological assays of antibiotic concentrations
in serum, interstitial fluids, and bile were per-
formed by the agar diffusion method described by
Sabath and co-workers, using Bacillus subtilis as
the assay organism (8). Antibiotic standards for the
serum level determinations were prepared in pooled
canine serum, those for bile concentrations were

prepared in pooled canine bile, and those for inter-
stitial fluid levels were prepared in M/15 phosphate
buffer (pH 6.0). The concentrations of antibiotics in
serum, bile, and interstitial fluids of the liver and
abdominal wall soft tissue at varying times were
then compared among animals by an analysis of
variance.

Multiperforated polypropylene balls measuring
20 mm in diameter were implanted in the flank and
abdomen of six adult mongrel dogs. Two 10-mm
multiperforated balls connected by polyethelene
tubing inserted in the central portion of the capsule
were implanted in the renal parenchyma, and a T-
tube was inserted in the ipsilateral ureter. The oc-
cluded ends of the polyethelene tubes and long limb
of the T-tube were sutured beneath the flank skin.
After 4 weeks, healing was sufficient to permit
physiological fluid exchange between renal intersti-
tium and capsules. The dogs were anesthetized with
thiopental sodium and given 20 mg of cefamandole
per kg intravenously. Serial samples of blood were
drawn from peripheral veins, renal interstitial fluid
was extracted from the polyethelene tubing, and soft
tissue interstitial fluid was obtained from the cap-
sules with 23-gauge hypodermic needles. The urine
was allowed to drip from the T-tube with samples
taken at hourly intervals for 4 h. This method of
study has been described by Eickenberg and col-
leagues (4, 5) for determining the concentration of
cephalothin in renal interstitial fluid. Completed
studies to be published show that in the creatinine,
blood urea nitrogen, and para-amino hippuric acid
clearance test measurements and radio-opaque dye
injection X-ray studies there is no communication
between the renal capsules and the excretory sys-
tem. The time concentrations of the cephalosporins
in serum, renal interstitial fluid, soft tissue inter-
stitial fluid, and urine were compared by an analy-
sis of variance.

RESULTS
Figure 1 shows the average and the variation

in the time concentration changes of serum to
interstitial fluid. The serum level remained
greater than the interstitial fluid for more than

733



734 WATERMAN, EICKENBERG, SCHARFENBERGER ANTIMICROB. AGENTS CHEMOTHER.

SERUM TO INTERSTITIAL FLUID

14r

I5..
z
0

z

z
0
V

u-j
0

z
A

V

2 3
TIME (HOURS)

FIG. 1. Comparison of the concentrations of cefa-
mandole in serum and interstitial fluid at 1 to 4 h
after a 20-mglkg intravenous dose.

1 h. By 2 h, the antibiotic concentration was
greater in the interstitial fluid. As a result of
excretion, secretion, and metabolism, the se-
rum concentration became less and the anti-
biotic began to diffuse back into the vascular
compartment. Figure 2 graphically illustrates
the average and variation in serum-to-bile con-
centrations. The bile concentration was 360 ,ug
at 1 h and decreased to 120 ,±g at 4 h and to 40
,ug at 6 h. The analysis of variance showed the
relationship during the times of measurement
to be significant (P < 0.01).
Figure 3 shows that the average and varia-

tion in the urine and renal interstitial fluid
concentrations, measured as described by Ei-
ckenberg and associates (4, 5), are quite high
and greatly exceed the concentrations in the
serum and in the extrarenal soft tissue intersti-
tial fluid. Cefamandole had an initial peak con-
centration in the urine of 8,200 ,ug/ml within 60
min of the single intravenous injection. The
greatest quantity appearing in the serum
within an hour was 11 ,ug/ml. After 1 h, the
antibiotic concentration in the renal interstitial
fluid was 42.6 ,ug/ml and was greater than both
the simultaneously measured serum level (11
,ug/ml), and the control soft tissue interstitial
fluid concentration (4.6 ,ug/ml). After 2 h, the
serum level (3.9 ,ug/ml) was less than that in
the renal interstitial fluid (38 ,ug/ml) and soft
tissue interstitial fluid (8.8 ,ug/ml). After 4 h,
only a very low concentration was found in
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FIG. 2. Comparison of the serum and bile concen-
trations at 1 to 4 h after intravenous injection of 20
mg/kg.
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soft tissue interstitial fluid, renal interstitial fluid,
and urine after intravenous injection of20 mglkg.
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serum. The concentration in renal interstitial
fluid was 12.6 ,ug/ml and remained higher than
in the soft tissue interstitial fluid (2.4 ,g/ml).
The analysis of variance showed the relation-
ships to be significant (P < 0.01).

DISCUSSION
Cefamandole readily diffuses into body soft

tissue interstitial fluid. The rate of diffusion
differs little from that of cephalothin (9). Both
antibiotic agents increase to satisfactory tissue
fluid concentrations in less than 1 h, and the
serum and tissue fluids are nearly the same
between 90 min and 2 h. The protein binding of
cefamandole in pooled dog sera measured by
the ultrafiltration method is 40% and is similar
to cephalothin (10), and it is consistent with
other cephalosporin dog sera protein-binding
studies (12). The quantity excreted or secreted
into bile is excellent. A comparison with con-
centrations of other antibiotics in bile previ-
ously measured in this laboratory (11) shows
the concentration of cefamandole to be greater
than that of cephalothin, tetracycline, and am-
picillin when each was injected intravenously
in the same dosage. Cefazolin was the only
antimicrobial agent measured that showed a
greater concentration than cefamandole.
The concentrations of cefamandole in urine

and renal interstitial fluid were greater than
those with cephalothin. Both drugs were mea-
sured in the same laboratory animals used by
Eickenberg and colleagues (5) to determine
renal interstitial fluid antibiotic concentra-
tions.
The concentrations of cefamandole diffusing

into interstitial fluid and excreted in bile and
urine are greater than those obtained with ce-
phalothin. The graphic patterns of the time con-
centration changes are very similar. The quan-
tities measured during the period of study were
sufficient to be active against most susceptible

pathogenic bacteria present in the studied
fluids.
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