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Cephalosporins are a series of compounds contain-
ing the 7-aminocephalosporanic acid [7-amino-3-
(hydroxymethyl)-8-oxo-5-thia-1-azabicyclo[4.2.0] oct-
2-ene-2-carboxylic acid acetate] nucleus (I). Although
cephalosporin C was one of the original and active
members of the series, being derived from the fer-
mentation products of Cephalosporium acremonium,
it has not proved to be useful clinically. However, I
has been used as the basis for the synthesis of various
derivatives (II-XII). An excellent review of the histo-
ry, isolation, synthesis, analysis, and physicochemical
properties of cephalosporins was published (1). The
purpose of this work is to review the pharmacokinet-
ics and clinical use of cephalosporin antibiotics.

PHARMACOLOGY AND PHARMACOKINETICS

Cephalexin—Cephalexin, 7-(D-2-amino-2-phenyl-
acetamido) - 3 - methyl - 8 -oxo-5-thia-1-azabicyclo-
[4.2.0]oct-2-ene-2-carboxylic acid (I1), is an orally ac-
tive semisynthetic derivative of I with a spectrum of
activity against both Gram-positive and Gram-nega-
tive bacteria. It has relatively low solubility in water;
i.e., 1-2 mg was dissolved in 1 ml of water at 37° (2).
At pH 2 and 8, the solubility was increased to ap-
proximately 120 and 100 mg/ml, respectively (2). The
increase in solubility as a function of pH is due to the
zwitterionic nature of the drug. Cephalexin is very
unstable at physiological pH (3), showing the pres-
ence of decomposition products within 20 min of so-
lution in water. It shows less deterioration at low pH.
However, the drug is most stable at pH 4.5, its iso-
electric point, and may be kept frozen when dissolved
in biological fluids for long periods (t,/2 > 90 days)
(2).

Studies of the protein binding of cephalexin
showed that, in concentrations usually found in ther-
apy, less than 10% of the total drug was bound to
human plasma proteins (2). At a total cephalexin
concentration of 3.2 ug/ml, 6% of the total drug was
in the protein-bound state (2). Cephalexin is re-
moved from the body solely by the processes of glo-
merular filtration and excretion in the kidney tu-
bules.

Cephalexin is advocated for the treatment of infec-
tions of the upper and lower respiratory tract, geni-
tourinary system, skin and soft tissue, and bones and
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joints and for certain other infections due to suscep-
tible organisms. An excellent review of its antibacte-
rial, pharmacological, and therapeutic properties was
presented (4). Blood concentrations of the drug, after
the usual therapeutic dose, are high enough to be
bactericidal against most susceptible organisms (5).

Absorption—The oral and intramuscular absorp-
tion of cephalexin in normal human subjects has
been studied (2, 5-19). After oral administration, ab-
sorption was rapid and complete, with peak levels
being reached within 1 hr (2, 14). The time to reach
peak levels may vary between individuals after ad-
ministration of the drug in capsule form. This finding
can be attributed to a lag time in the absorption pro-
cess due to dosage form effects. Following a 500-mg
dose given as a 5% suspension, cephalexin appeared
in the serum in 9 min compared with 38 min when
given in capsule form (14).

The peak height is dose dependent, usually reach-
ing a level of 18 ug/ml after a 500-mg dose (14, 20).
Single doses of 125, 250, 500, and 1000 mg in 12 fast-
ing subjects produced average peak levels of 4.5, 9,
18, and 32 ug/ml, respectively, at 1 hr (20). Some in-
vestigators (6, 10, 17, 19, 21) found peak blood levels
that were slightly lower than those reported by others
(5,17, 8, 13, 20, 22). Lower peak values may be related
to the time food is ingested.

When cephalexin is administered with food, there
is a delay in the onset of absorption, a lower peak,
and a prolongation of blood levels (14, 20). A total of
82% of a 500-mg dose was found in the urine when
the patients were fasting compared to 73% when the
dose was taken with food, indicating that the total
amount of drug absorbed was not appreciably altered
(20). Similarly, a 1-g dose of cephalexin resulted in a
peak serum level of approximately 31 ug/ml in fasted
subjects but only 20.9 ug/ml after a standard meal
(11). The peak time was increased to 2 hr after ad-
ministration. Similar results were also reported (23).
Apparently, small amounts of food do not significant-
ly affect the absorption process (17, 24).

Absorption and excretion of cephalexin are de-
layed and peak serum levels are less in newborns and
infants in the first 6 months of life. Peak serum levels
occurred after 3 hr in these patients, 2 hr in infants
9-12 months in age, and 1 hr in children older than 1
year (256-29). Food, i.e., milk, had the same effect in
the infant as did food in the adult; i.e., lower peak
levels occurred at later times (26).

The influence of disease on cephalexin absorption
is variable. In children (18-20 months) with a malab-
sorption syndrome, a reduction was reported in the
excretion of unchanged cephalexin (28). With a dose
of 50 mg/kg, however, effective blood levels were



reached but did not peak until 4 hr postadministra-
tion. In another study, absorption was significantly
impaired in one of three patients with pernicious
anemia and obstructive jaundice (30). Reports of im-
paired absorption due to infectious diseases are lack-
ing with the exception of the report of decreased
plasma levels with a prolonged peak time in patients
with severely impaired kidney function (creatinine
clearance of 0-2.5 ml/min) (18).

Distribution—Cephalexin is widely distributed in
body tissues. The only tissues in which concentra-
tions of the drug were higher than in serum were the
kidneys and liver (31, 32). Significant levels of the
drug in animals also were demonstrated in other
tissues, including lung, spleen, fat, heart muscle, and
bone. In humans, levels in the appendix, stomach,
gallbladder, omentum, peritoneum, and vein and
tumor tissues were lower than in serum following an
oral dose of 0.5 or 1.0 g (33). Bile levels were lower
than serum levels after a dose of 0.5 or 1.0 g of cepha-
lexin (34, 35). Peak levels of 0.3-32.0 ug/ml were ob-
served at 2-3 hr. Probenecid administration signifi-
cantly increased biliary levels of the antibiotic, prob-
ably due to interference with renal excretion produc-
ing higher blood levels. Low tissue levels (<1 ug/ml)
were found in the gallbladder wall suspension of two
patients.

Low levels of the drug in saliva were reported (36,
37). Detectable levels in the aqueous humor at 1 hr
and peak levels of 0.75-2.0 ug/ml at 2-3 hr after an
oral dose of 2 g were reported (38). These concentra-
tions occurred whenever the serum level exceeded 10
ug/ml.

Cephalexin does not appear to penetrate into the
cerebrospinal fluid in significant amounts in the ab-
sence of meningeal inflammation (28, 30, 39).

The appearance of cephalexin in the serum and ex-
udate of normal and leukemic patients was studied
(40). After a 500-mg oral dose, peak serum levels (12
ug/ml) were obtained at approximately 1.5 hr. Exu-
date levels reached a peak of 5 ug/ml within the same
period and appeared to decline at a slow rate. After 4
hr, the level declined to approximately 3.5 ug/ml, il-
lustrating that cephalexin rapidly appears in skin ex-
udates, with a half-life of elimination from that fluid
of approximately 4 hr.

In leukemic patients, distribution into skin exu-
date was decreased. The ratio of the mean exudate
level, expressed as a percent of the serum level, be-
tween normal and leukemic patients was 210, 17, and
3.2 after 1, 2, and 3 hr postadministration, respective-
ly. The data suggest that the volume of distribution
of the antibiotic may be changed in the leukemic pa-
tient. It is not clear if this result is due to the disease
state or to the influence of antineoplastic drug thera-

Metabolism and Excretion—Cephalexin is not
metabolized in the body and is rapidly excreted un-
changed, principally by the kidney, although small
amounts are also excreted in the bile. Studies with la-
beled !4C-cephalexin in rats and mice showed that
the drug is not metabolized and is eliminated un-
changed via the kidney (41). In rats, 84% of an orally

administered dose appeared in the urine after 24 hr,
with 77% appearing in the first 4 hr. Fifteen percent
was recovered in the feces and was attributed to bil-
iary excretion. In humans, cephalexin does not un-
dergo enzymatic metabolism (42). Excretion of ce-
phalexin in the urine occurs partly through glomeru-
lar filtration (66%) and partly by tubular secretion
(33%) (24).

The renal clearance of cephalexin was calculated to
be 210 ml/min/1.73 m?, with 72.2% of the total plas-
ma clearance of the drug being accounted for by renal
clearance (43). The ratio between the renal and plas-
ma clearances was 1.69, indicating a significant (28%)
nonrenal excretion of cephalexin. Since no metabolite
of cephalexin has been found (2), it is difficult to ac-
count for the apparent nonrenal excretion. Kirby and
Regamey (44) reported values of 252 + 5 and 248 +
11 ml/min/1.78 m? for renal and serum clearances, re-
spectively. When these values are considered, it can
be seen that the entire dose can be accounted for
through renal excretion. Other values reported for
the plasma clearance of cephalexin are 260 and 376
ml/min (8, 11).

The administration of probenecid shortly before or
simultaneously with cephalexin enhances both the
peak serum concentration and the duration of activi-
ty of the antibiotic in the serum (6, 11, 17, 20). The
administration of 500 mg of probenecid with 1 g of
cephalexin caused an increase in the mean peak
serum level of 79% over the mean peak serum level
achieved with a similar dose without probenecid (i.e.,
an increase from 20.9 to 36.7 ug/ml) (11). Levels at 6
hr were also increased, ranging from 4.5 to 9.7 ug/ml
(mean of 7.1 ug/ml). Similar findings also were re-
ported (7, 20, 45).

In subjects with normal renal function, cephalexin
had a serum half-life of approximately 0.6-2.1 hr
after oral administration (2, 7, 8, 10, 12, 14, 16, 18, 19,
39, 42-47), with a mean and standard deviation of 1.2
+ 0.47 hr. In fasting subjects, the mean serum half-
life was 49.5 min, but this value increased to 76.5 min
in subjects who received cephalexin with food (11).
This latter value probably was due to the half-life
being calculated during the time when both absorp-
tion and elimination were occurring simultaneously.
The serum half-life following oral administration is
prolonged in neonates and infants. A half-life of ap-
proximately 5 hr in newborn infants and of 2.5 hr in
infants 3-12 months of age was demonstrated (27,
29).

Due to its extremely short half-life and long dosing
interval (4-6 hr), little accumulation of cephalexin in
the serum of patients with normal renal function has
been observed (24, 48). Blood level curves and uri-
nary excretion values following doses of 250 or 500
mg of cephalexin every 6 hr were unchanged after 1,
3, and 5 days (20). Similarly, the blood level curves
and mean urinary recovery values in six subjects
after 1-g doses every 6 hr were not significantly dif-
ferent from those following a single dose (11). Some
accumulation was noted by O’Callaghan et al. (14),
who found that both peak concentration and the
length of time the serum levels exceeded 12.5 ug/ml
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Figure 1—Serum levels for cephalexin administered intrave-
nously (rate constants for data generation from Table I).

were significantly increased after the fifth 1-g dose
(every 6 hr). These increases did not occur after doses
of 500 mg, which is to be expected for a drug with a
short half-life and relatively long dosing interval.

Between 82 and 100% of an orally administered
dose appeared in the urine after 250- and 500-mg
doses of cephalexin (13, 50). However, urinary recov-
eries of 29-83% were reported in patients with uri-
nary tract infections (49). Urinary levels of the anti-
biotic are, therefore, high, and peak levels in the
urine may be more than 100 times higher than in the
serum. Thornhill et al. (17) found mean urinary con-
centrations in a 6-hr period of 830 pg/ml and 1.1
mg/ml after 250 and 500 mg of cephalexin, respec-
tively. Mean urinary concentrations of 2.3 and 5.0
mg/ml were observed in the first 1-2-hr period fol-
lowing administration of 0.5 and 1.0 g of cephalexin,
respectively (24). Similar results also were observed
(6, 20).

The clearance of cephalexin is prolonged in the
presence of renal dysfunction, resulting in higher and
more sustained serum levels; i.e., an increase in the
serum half-life occurs as renal function decreases (18,
19, 39, 51-55). Serum half-lives of 7.7, 10.8, and 13.9
hr were observed in subjects with creatinine clear-
ances of 13.5, 9.2, and 4 ml/min, respectively (19). No
significant increase was found in the serum half-life
in patients with creatinine clearances of 45 ml/min;
but when kidney function fell below one-fourth of
normal, i.e., creatinine clearance of less than 30 ml/
min, the half-life increased significantly (55). Simi-
larly, only moderate increases were noted in plasma
half-lives when the creatinine clearance was between
10 and 40 ml/min, but a rapid increase was noted
thereafter when the value fell below 10 ml/min (52).

Peak serum levels after single oral doses of 500 mg
of cephalexin were reached in 1-2 hr, with apprecia-
ble levels still present at 12-24 hr (53). In patients
with a creatinine clearance of less than 3 ml/min,
however, the peak serum levels occurred at 4-8 hr,
and levels of 5 and 6 ug/ml were still present at 48
and 60 hr, respectively. Detectable levels were
present for 72-90 hr. A delay in the time to reach the
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peak serum level occurred in patients with severe
renal failure (18, 51). Repeated administration of the
drug in patients with renal impairment led to accu-
mulation (18, 19).

Urinary excretion of cephalexin is inversely related
to the serum half-life and directly related to the cre-
atinine clearance. Less than 5% of a single dose of
cephalexin was excreted within 24 hr in patients with
creatinine clearances of less than 2.5 ml/min (18).
The urinary excretion of cephalexin at 6, 24, and 48
hr after a 500-mg dose was 7.5, 23, and 37%, respec-
tively (51). Satisfactory antibacterial levels were at-
tained. Satisfactory urine levels were found in pa-
tients with creatinine clearances of 3 ml/min (56);
however, in another report (19), acceptable levels
were not achieved if the creatinine clearance was less
than 9 ml/min.

Hemodialysis resulted in a fourfold decrease in
serum levels within 7 hr (54). Similarly, a fivefold re-
duction in half-life was reported when hemodialysis
was employed for 12 hr (18, 53). Peritoneal dialysis
resulted in a twofold decrease in serum levels after 7
hr (54). Bennett et al. (57) described an adjusted
dosage regimen as a guide in treating patients with
various degrees of renal failure.

Pharmacokinetic  Considerations—When  the
available literature blood level data after intravenous
administration of cephalexin are carefully examined
(Fig. 1), it appears that the drug follows a two-com-
partment open model (Scheme I). All investigators
analyzed their data using a one-compartment open
model. This model may lead to errors in the calcula-
tion of the volume of distribution and the elimination
and absorption rate constants (58, 59). A reevalua-
tion of selected literature data is shown in Tables I
and II. The half-lives reported using a one-compart-
ment open model analysis are equivalent to the half-
life of the 8-phase. The value of the half-life of the
distributive () phase was 0.15 hr. Therefore, to de-
scribe completely the time course of the drug in plas-
ma, it is necessary to remove at least two or three
blood samples within the first 45 min after adminis-
tration.

Cephalexin, which is only 6% protein bound in the
therapeutic range, is distributed widely within plas-
ma water and some extracellular water. The volume
of the central compartment using a two-compart-
ment open model analysis is 10.8 liters. In contrast,
the volume of distribution of cefazolin (V), another
cephalosporin antibiotic, is approximately 4 liters.
Cefazolin, being 90% protein bound, is distributed
mainly in the plasma water. When the volume of dis-
tribution found for cephalexin is compared to that of

v, .
tissue

KuI IK-’I

VC K(‘]
plasma |—>

Scheme I—Two-compartment open model



Table I—Pharmacokinetic Parameters for Cephalexin Administered Intravenously (Literature Data)a

Literature Reference

Parameter 12 14 45 47 Mean + SD
a, hr™! 4.327 4.645 4.382 3.710 4.270 + 0.400
g, hr™! 0.976 0.773 0.671 0.646 0.766 + 0.151
K,,, hr! 1.151 1.682 1.546 1.211 1.384 + 0.238
K, hr! 2.369 1.899 1.791 1.846 1.976 + 0.266
K, hr™! 1.783 1.889 1.716 1.299 1.671 + 0.260
Ty,a, hr 0.160 0.149 0.159 0.187 0.163 + 0.016
Ty,8, hr 0.710 0.897 1.095 1.072 0.943 + 0.179
V., liters 14.544 9.018 8.902 10.681 10.786 + 2.633
Vd g, liters 21.612 16.748 17.355 17.687 18.350 + 2.208
Vdg, liters 26.568 22.050 23.301 21.462 23.345 + 2.281
Vdeyy, liters 34.997 30.989 33.760 27.271 31.754 + 3.426
ty, reported by 0.7 0.8 1.1 0.61 —

author, hr

@ Analysis of data using a two-compartment open model (Scheme ).

cefazolin, the effect of protein binding on the volume
of distribution of a drug is evident.

The volume of the tissue compartment into which
cephalexin distributes can be found by using Eq. 1:

v, =Ky (Eq. 1)

Ky

where K9, K21, V¢, and V; are defined in Scheme 1.
The volume of the tissue compartment using this for-
mula is 7.6 liters. This value gives a total volume of
distribution within the body of 18.4 liters, a value
that is usually reported as Vd,, the volume of distri-
bution at steady state.

The current literature contains only two references
to values of the volume of distribution of cephalexin.
A value of 15 £ 2.3 liters was found (43) after a 3-hr
intravenous infusion. The formula used was:
_ i
C PKa X 10%)
where i is the infusion rate, p is the concentration of
cephalexin in the plasma at steady state, and K, is
the elimination rate constant for cephalexin. The
value of K. was determined by using a log-linear re-
gression on the postdistribution portion of the blood
level versus time curve after infusion. The value of
K] obtained in this manner is analogous to the value
of beta obtained from a two-compartment open
model analysis. Therefore, the value determined by
the use of Eq. 2 is equivalent to the value of Vdg, the
volume that can be determined during the 8-phase in
a two-compartment open model.

The value of Vdg shown in Tables I and II when
the data were analyzed with a two-compartment
open model is approximately 23 liters, which is sig-
nificantly greater than the reported value of 15 liters
(43). The reason for the difference becomes clear
when Eq. 2 is examined. If the value of K¢ were too
large, it would cause the value of the volume of distri-
bution calculated by this formula to be too small.
One factor that could cause the value of K, to be
very large would be the method by which it was ob-
tained. Since it has been shown that cephalexin fol-
lows two-compartment open model kinetics, it fol-
lows that after infusion is terminated, the resultant
curve will have an «- (distributive) phase and a 8-
(disposition or elimination) phase. Therefore, use of
the entire curve after infusion instead of the late

vd (Eq. 2)

postinfusion curve results in an overestimation of the
value of K.

The effect of using this method of analysis of two-
compartment open model data is apparent if Fig. 2 is
examined. A shortening of the half-life with an in-
creased value of the rate constant is the result of the
incorrect analysis of serum level data. deMaine and
Kirby (43) reported a relatively short half-life (0.61
hr) for cephalexin. It is difficult, however, to deter-
mine if a-phase data were utilized in their determi-
nation.

A value of 37 liters (range of 26-53 liters) was re-
ported for cephalexin after intramuscular adminis-
tration (8). This volume of distribution was deter-
mined using:

dose
Ve = GUO &

where AUC represents the area under the plasma
level versus time curve from time zero to time infini-
ty. Since the value of K is analogous to the value of
beta used in the two-compartment open model, the
volume found by the use of this equation is equal to
the value of Vdg.

The value of 37 liters (8) is much larger than the
value of Vdg determined using the two-compartment
open model. The overestimation (8) is attributable to

(Eq. 3)

Table II—Pharmacokinetic Parameters for Cephalexin
Administered Orally (Literature Data)2

Literature Reference

Parameter 12 13 14 Mean + SD
a, hr™! 3.609 4.247 4.463 4.106 + 0.444
g, hr—? 0.661 0.989 0.936 0.862 + 0.176
K,, hr™! 2.388 1.493 1.889 1.923 + 0.448
K,,, hr! 1.173 1.000 1.203 1.125 + 0.110

21, 7! 1.652 2.496 2.572 2.240 + 0.511
Key, hr™! 1.445 1.740 1.624 1.603 + 0.149
Lag time, hr  0.422 0.280 0.234 0.312 + 0.098
Tya, hr 0.192 0.167 0.155 0.171 + 0.019
Ty, 8, hr 1.048 0.724 0.741 0.837 + 0.182

, liters 16.800 10.442 9.919 12.387 + 3.831
Vfiss, liters 28.734 15.213 14.558 19.501 + 8.002
Vdg, liters 36.702 19.030 17.211 24.314:+ 10.767
Vdeyt, liters  49.989 26.023 21.382 32.464 + 15.353

reported 1.1 — 0.8 —

ty,
By author,
hr

@ Analysis of data using a two-compartment open model (Scheme

1).
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Figure 2—Log-linear regression on biphasic data.

an underestimation of the value of K.. It appears
that these investigators overestimated the half-life of
cephalexin (1.1-2.3 hr) due to the fact that absorp-
tion and elimination occurred during the entire sam-
pling time. In studies where the absorptive processes
are allowed to vary due to improper fasting or precip-
itation at the site of muscular injection, the apparent
absorption rate constant might be smaller and the
t1/e for elimination might appear longer than expect-
ed. These phenomena could explain the wide range of
elimination half-lives reported in the oral studies.
Use of the one-compartment open model to fit
cephalexin data results in errors in the volume of dis-
tribution term. Since the therapeutic range of the
drug is high, the use of the larger Vd (extrapolated)
term as a one-compartment open model volume of
distribution will not compromise the efficacy of ce-
phalexin therapy since the normal dose results in
blood levels that are usually well above the minimum
inhibitory concentration (MIC). Since the half-life of
cephalexin is short compared to the normal dosing
interval (6 hr), drug accumulation is negligible and
errors in calculation of the absorption rate constant
are not significant. It appears that routine phar-
macokinetic analysis of cephalexin could be accom-
plished using the one-compartment open model
treatment without introducing serious error, provid-
ed the t;/2 was determined correctly from intrave-
nous data, i.e., after the distributive phase and the
volume terms are properly interpreted.
Cephradine—Cephradine, 7-[D-2-amino-2-(1,4-
cyclohexadien-1-yl)acetamido]-3-methyl-8-0xo-5-thi-
a-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
monohydrate (III), is a semisynthetic cephalosporin

T
O
| N__/—CH,
HN O
C—OH
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0

III: cephradine
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used orally, intramuscularly, and intravenously. The
structure of cephradine is similar to that of cephalex-
in, the only difference being in the six-membered
ring. Cephalexin has three double bonds forming an
aromatic system while cephradine has two double
bonds in the same ring. The antibacterial activity of
cephradine is similar to that of cephalexin (60).

Cephradine is a white crystalline powder with a
molecular weight of 349.4 (61). The synthesis of
cephradine has been discussed (62). Cephradine is
freely soluble in aqueous solvents. It is a zwitterion,
containing both an alkaline amino group and an acid-
ic carboxyl group. In the pH range of 3-7, cephradine
exists as an internal salt (63). Cephradine is stable
for 24 hr at 25° within the pH range of 2-8. Since it is
stable in acidic media, there is little loss of activity in
the gastric fluid; losses of less than 7% have been re-
ported (64).

Cephradine is weakly bound to human serum pro-
teins. In one study (63), the drug was less than 20%
bound to the serum proteins. At a serum concentra-
tion of 10-12 ug/ml, 6% of the total drug was in the
protein-bound complex. Another study (65) found
that at a total concentration of 10 ug/ml, 28% of the
drug was in the protein-bound state; at a total con-
centration of 100 pg/ml, 30% of the drug was in the
protein-bound state. This study also showed that the
addition of serum to cephradine decreased antibiotic
activity. Another study (61) showed that the protein
binding of cephradine varied from 8 to 20%, depend-
ing on the concentration of the drug. However, a
study by Gadebusch et al. (64) found no change in
the MIC of cephradine toward either Staphylococcus
aureus or Escherichia coli after the addition of
human serum.
~ Absorption—Cephradine has been administered
orally, intramuscularly, and intravenously and is well
absorbed using these routes. This large degree of ab-
sorption is evidenced by recoveries of approximately
100% of the administered dose in the urine (63, 66—
69). In one study (63), tritiated cephradine was ad-
ministered orally to human subjects in the form of a
250-mg capsule. Urine and feces were collected and
assayed for the drug; 92% of the drug was present in
the urine at the end of 24 hr, while minimal amounts
were present in the feces at the end of 72 hr. These
findings are evidence for the claim that cephradine is
well absorbed orally and apparently not excreted in
the bile.

After oral administration of cephradine, the time
of peak serum concentration was at 1 hr with peak
concentration in the serum ranging from 6 to 7 ug/ml
after a 250-mg capsule (63, 68, 69). After the adminis-
tration of 500 mg of cephradine in the form of two
250-mg capsules, peak serum levels were in the range
of 11-18 ug/ml (60, 63, 66-68). After the administra-
tion of 500 mg of cephradine as an oral suspension, a
peak serum concentration of 19.5 ug/ml was found at
0.5 hr (68). When human subjects were given 1 g of
cephradine, the peak levels ranged from 15 to 24
ug/ml (60, 68).

After the administration of 1 g im, a peak level of
10.4 ug/ml at 2 hr was attained (63). While the peak



concentration of cephradine after intramuscular in-
jection was lower than that after oral administration,
the areas under the curve were identical. One advan-
tage of the intramuscular route over the oral route
was that the concentration of the antibiotic in the
serum was below 1 ug/ml at 4 hr after oral adminis-
tration while the concentration after intramuscular
administration was 6.8 ug/ml (63).

One study (66) found that the rate of absorption
after oral administration was influenced by the pres-
ence of food but that the extent of absorption was not
affected. Serum levels at 30 min after administration
were 7.9 ug/ml for nonfasting volunteers and 15.8
ug/ml for fasted volunteers. However, peak levels
were not significantly different; values of 19.2 and
18.3 ug/ml were found for nonfasting and fasted vol-
unteers, respectively.

After intravenous administration of cephradine,
the peak levels are reached immediately. In one
study, a serum concentration of 56 ug/ml at 7 min
after injection was attained after administration of 1
g (70). In another study (63), the administration of 1
and 0.5 g of cephradine intravenously gave levels of
86.3 and 46.0 ug/ml, respectively, 5 min after injec-
tion. When cephradine was given as an intravenous
constant infusion (0.166 g/hr), a steady-state level of
4.8 ug/ml was attained after 3 hr (70).

Distribution—In a study performed with mice
(71), cephradine was widely distributed throughout
the body. In this study, 50 mg/kg of tritiated cephra-
dine was administered orally to mice and tissue levels
were determined as a function of time. The levels in
the stomach, small intestine, and kidneys were all
above 100 ug/g of tissue. The liver had a level of more
than 50 ug/g of tissue at 1 hr after administration. Al-
most all other body tissues had levels above 1 ug/g of
tissue. The levels found in the brain were 0.8-2.2 ug/g
of tissue in the 24-hr period of the study.

The tissue levels of cephradine in humans after
oral dosing were examined (67). The level in lung tis-
sue 6 hr after administration of 500 mg po was 0.46
ug/g of tissue (serum level was 0.58 ug/ml). Three
hours after dosing, adipose tissue levels of 0.46-0.56
ug/g of tissue were found (serum level was 0.31-0.60
ug/ml). Cephradine levels for various other tissues
were also given (67). The volume of distribution of
cephradine was reported to be 21 liters/1.73 m2 (72).

Metabolism and Excretion—A study in mice and
dogs wusing paper chromatographic techniques
showed that no metabolites of cephradine could be
found in the urine (71, 73). A study in humans also
could not find any metabolites of cephradine (63).

When 500 mg of cephradine was administered oral-
ly to subjects having cholecystolithiasis (67), the lev-
els of cephradine in the bile ranged from 2.2 to 41.0
ug/ml at 3-7.5 hr after administration.

The major route for the elimination of cephradine
is renal excretion. Cephradine is removed from the
body by the processes of glomerular filtration and tu-
bular secretion (63). A study (61) in which probene-
cid was coadministered with cephradine resulted in a
prolonged half-life and elevated serum levels.

The recovery of unchanged cephradine in the urine .
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Figure 3-—Serum levels for cephradine administered intrave-
nously (rate constants for data generation from Table I1I).

ranged from 78.3 to 95.9% (63, 66-68). The urinary
concentration of cephradine in the first 2 hr after ad-
ministration of 500 mg was between 1.1 and 3.2
mg/ml (63, 66, 68).

The half-lives of elimination of cephradine were 32
min (70) after intravenous administration, 40-50 min
after intramuscular administration (63), and 42 min
after oral administration (68). These studies were
performed in patients having normal kidney func-
tion. During a constant infusion, patients having a
creatinine clearance of 125 ml/min had serum and
renal clearances of cephradine of 435 and 367 ml/
min, respectively (72).

In another study (74), 500 mg of cephradine was
administered orally to patients with impaired kidney
function. The time required to excrete 30% of the ad-
ministered cephradine was 24 hr in normal patients.
Individuals having impaired kidney function re-
quired much longer to excrete a similar amount of
the drug.

Pharmacokinetic Considerations—Little work has
been performed on the pharmacokinetics of cephra-
dine in subjects with normal and impaired kidney
function. Further study is necessary to elucidate
these parameters.

A plot of cephradine serum concentration versus
time (F'ig. 3) indicates a biexponential decay. There-
fore, fitting of the data for cephradine should be per-
formed using a two-compartment open model. The
effects of using a one-compartment open model anal-
ysis when a two-compartment open model is indicat-
ed were discussed previously.

When the data for intravenous cephradine were fit
to a two-compartment open model, the half-life was
approximately 45 min. The values of the parameters
obtained are listed in Table 11I.

The volume of distribution was 22 liters, compared
to 21 liters/1.73 m? reported previously (72). A value
of 17 + 3.9 liters/1.73 m? also was reported (61).

The pharmacokinetics of cephradine probably will
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Table III—Pharmacokinetic Parameters for Cephradine
Administered Intravenously (Literature Data)?

Literature Reference

Parameter 63 70 70b Mean + SD
a, hr™! 5.411 7.369 9.20 6.390 + 1.385
8, hr™! 0.726 1.262 1.31 0.994 + 0.379
K, ,, hr! 2.167 2.349 3.25 2.258 + 0.129
Koo hr 1720  3.893 4.69 2.807 + 1.537
K, hr™! 2.250 2.389 2.58 2.320 + 0.098
Ty, a, hr 0.130 0.094 0.075 0.112 + 0.025
Ty, 8, hr 0.969 0.5649 0.529 0.7569 + 0.297
V/, liters 7.906 10.562 9.624 9.234 + 1.878
V(clss, liters 17.679 16.936 - 17.308 + 0.525
Vdﬁ, liters 24.651 19.993 — 22.322 + 3.294

Vdeys, liters  36.802  24.516 30.659 + 8.678

4 Analysis of data using 2 two-compartment open model (Scheme
1). b Literature values.

be similar to those found for cephalexin due to the
similarity of their structures. The protein binding of
these two compounds is not significantly different, so
the volume of distributions should be similar, as was
found in the reanalysis of literature data (Table III).

Cephaloglycin—Cephaloglycin, 7-(2-amino-2-
phenylacetamido)-3-(hydroxymethyl)-8-oxo-5-thia-1-
azabicyclo[4.2.0}oct-2-ene-2-carboxylic acid, acetate
(ester) (IV), is a zwitterion of 7-(D-a-aminophenyl-
acetamido)cephalosporanic acid and exhibits an anti-
bacterial spectrum similar to that of other cephalo-
sporins. It is water soluble [8 mg/ml at 25° (75)] and
orally absorbed, and it is indicated for use in treating
bacterial infections of the urinary tract (76). The sta-
bility of cephaloglycin is dependent on pH, degrading
very rapidly in alkaline media and remaining stable
under acid conditions (77, 78). The decomposition
rate is 6-8%/hr in aqueous solution at pH 7.0, but at
pH 4.5 the rate is less than 1%/hr (75).

Cephaloglycin exhibits moderate protein binding.
Wick (79) found a decrease of 24% in antibacterial
activity when the drug was in the presence of human
serum as compared to buffer.

Absorption—Several investigators reported mean
peak blood serum activity after a 500-mg dose in the
range of 0.9-2.0 ug/ml (48, 80-85). Peak concentra-
tions of 0.6-0.8 ug/ml were reported (83, 86), but in
another study no serum levels could be detected (87).
A concentration of 2.2-3.0 ug/ml was found after a
500-mg dose (48). The activity in serum is due in part
to the parent compound but largely to the deacet-
ylated metabolite (78).

Food was reported not to interfere with cephalo-
glycin absorption (84); however, another study (6)
found decreased peak levels after a meal. Urinary re-
covery was also decreased. Prolonged serum activity
was reported when the drug was administered with
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food as compared to the fasting state (84). Peak con-
centrations occurred 2 hr after administration (84,
86). Peak concentrations were found 1 hr after ad-
ministration to fasting patients and 2 hr after admin-
istration to nonfasting individuals (6). Similar results
were obtained in children 1-15 years old (88).

Peak heights were compared after oral and intra-
muscular doses of the drug (48). Only 25% of the oral-
ly administered dose was assumed to be absorbed.

Distribution—The antibacterial activity in the bile
of rats and mice exceeded that in the circulating
blood, but only 0.04-0.23% of a 200-mg/kg dose was
recovered in the bile during a 24-hr period. The anti-
bacterial activity in the tissues of mice was deter-
mined 4 hr after an oral dose of 200 mg/kg (89). The
concentrations of drug in liver and kidney were 1.9
and 3.2 times greater than in the serum, respectively.
Other tissues such as lung, spleen, and heart and
skeletal muscle had approximately 40% of the activi-
ty of the serum. Rat liver levels were similar to blood
levels after administration of 100 mg/kg of cephalo-
glycin, but lung and spleen levels were slightly lower
and kidney levels were much higher (90).

Metabolism—Esterases can remove the acetyl
group from the C-3 methyl position of I to yield des-
acetyl cephalosporins (91). Carefully controlled stud-
ies, by microbiological assay procedures and chroma-
tographic techniques, showed that 2-10% of the anti-
biotic activity of serum and urine specimens from hu-
mans receiving cephaloglycin is due to the parent
compound. The remainder of the biological activity
(90-98%) is due to the active metabolite desacetyl-
cephaloglycin (78, 92-94). The metabolite had ap-
proximately equal activity against staphylococci but
was about fourfold less active against other Gram-
positive cocci and Gram-negative bacilli (94).

Excretion—Cephaloglycin and its metabolite are
excreted in the urine. A half-life of 2.2 ug/ml/hr was
reported (85), but it is not clear how this value was
obtained. Other data (6) suggest a half-life for micro-
biological activity of approximately 1.5 hr.

Several studies (6, 48, 82) found 25% of the orally
administered activity in the urine. Stein et al. (85)
recovered 18% of a 500-mg dose. Most recovered ac-
tivity was due to the desacetyl metabolite (48, 78, 93,
94). Urine concentrations expressed as antibacterial
activity after a 500-mg dose varied from 76 to 330
ug/ml. Somewhat lower (18-255 ug/ml) results were
reported (86), as were ranges of 18-750 ug/ml (83)
and 70-900 ug/ml (95). It was reported that probene-
cid increased the serum concentration of the antibac-
terial activity (6). However, other studies reported no
increase in serum concentrations with probenecid,
but the duration of assayable activity was prolonged
(82, 84).

Disease, except decreasing kidney function, does
not appear to affect the pharmacokinetics of this
drug. An increase in the half-life of the drug was ob-
served with decreasing renal function (85). Signifi-
cant prolongation of serum half-life occurred when
creatinine clearances fell below 20 ml/min. Adequate
urine concentrations in all but anuric patients were
observed after a 500-mg dose (85). Hemodialysis did



not appreciably affect the elimination of the drug in
anuric patients (85). Peritoneal dialysis caused a 40%
decrease in blood levels within 6 hr (83).

Pharmacokinetic Considerations—The data re-
ported do not allow an accurate estimation of the
pharmacokinetic parameters of this drug. Human
metabolism of cephaloglycin has not been extensively
studied, and blood level data obtained via microbio-
logical assay do not yield accurate pharmacokinetic
constants; instead, apparent constants are obtained
based upon the total activity of the drug and its me-
tabolite.

Since this drug yields poorer blood levels, has a
similar spectrum, and does not yield superior urinary
levels as compared to cephalexin, no clear advantage
for its use is evident. From a pharmacokinetic view,
cephaloglycin has many disadvantages compared to
cephalexin and should be abandoned in favor of the
latter drug. For practical purposes, cephaloglycin is
an uninteresting drug, and further pharmacokinetic
analysis is not warranted.

Cefazolin—Cefazolin, 3-{[(5-methyl-1,3,4-thiadia-
zol-2-yl) thio]methyl} -8 -oxo0-7- [2- (1H - tetrazol-1-yl)-
acetamido]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-car-
boxylic acid (V), is a semisynthetic cephalosporin
used parenterally. Its synthesis was described pre-
viously (96). Cefazolin is a broad spectrum antibiotic,
active against most strains of Gram-positive and
Gram-negative bacteria (97). It is active against S.
aureus, E. coli, Klebsiella pneumoniae, and Proteus
mirabilis.

The free acid form of cefazolin is insoluble in
water, becomes more soluble as the pH increases, and
reaches a maximum solubility between pH 5 and 6
(98). Cefazolin is available commercially as the sodi-
um salt with a molecular weight of 476.5 (99). In the
sodium salt form, cefazolin is highly soluble in aque-
ous solvents, slightly soluble in methanol, and practi-
cally insoluble in acetone, benzene, chloroform, and
ethanol (96, 100). The pH of a reconstituted solution
and region of maximum stability of cefazolin sodium
lies between 4.6 and 6.0 when in an aqueous medium.
In a more acidic or alkaline medium, cefazolin is hy-
drolyzed to products that possess little or no antibac-
terial activity (98, 99, 101). The pKa of cefazolin in
an aqueous solution (23.8 mg of cefazolin sodium in
5.0 ml of water) was 2.3 (99).

The solid lyophilized powder of cefazolin was sta-
ble for 1 year when stored at 0-15°, with 92-95% of
the original activity remaining when assayed microbi-
ologically (96). The product information brochure
(98) states that the lyophilized powder is stable for 2
years at room temperature. Various reports of the
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stability of the reconstituted aqueous solutions of
cefazolin sodium have been published (96, 97, 101,
102). These studies found that the drug is stable at
25° and below, with approximately 90% of the origi-
nal activity remaining after 72-120 hr (96, 97). Cefa-
zolin is less stable at 37°, and a net loss of 20% of the
original activity was found after 72 hr (97). A com-
plete survey of the stability of cefazolin, in which the
effects of various diluents and temperatures were
studied, is available (101).

Cefazolin is highly bound to human plasma pro-
teins. Investigations using the equilibrium dialysis
technique found values of 73% (103), 81% (104), and
84% (105, 106) of the total drug being bound to plas-
ma proteins in normal patients. Values of 74% (107)
and 86% (44, 108) were found when the ultrafiltration
technique was used to analyze the plasma samples. In
one study, the effect of total drug concentration on
serum protein binding was studied (105). The bind-
ing to serum protein varied from 80 to 90% in the
normal therapeutic range of cefazolin. The effect of
protein binding on antibiotic activity is unclear, but
one study (102) showed that the presence of human
serum caused a decrease in antimicrobial activity of
41-48% as compared to a cefazolin solution made in
buffer.

Absorption—Cefazolin is not absorbed orally, so it
is only administered intramuscularly and intrave-
nously. Cefazolin is well absorbed when administered
intramuscularly, as evidenced by urinary recoveries
of approximately 100% of the administered dose. The
time of peak concentration after intramuscular ad-
ministration was usually within 45 min to 1 hr after
administration (44, 103-126). However, in several
cases, the time of peak serum concentration appeared
as late as 2 hr after administration (127, 128).

The peak concentration of cefazolin after an intra-
muscular injection of 250 mg ranged from 12.3 to 30.0
pg/ml (104, 117, 119). After an intramuscular injec-
tion of 500 mg, peak levels ranged from 11.0 to 70.0
ug/ml (44, 103, 104, 106-109, 111, 112, 114, 115, 117,
119-121, 124-126, 128, 129); after administration of 1
g of cefazolin, peak levels of 38.8-75.7 ug/ml were
found. In one study where 2 g of cefazolin was admin-
istered, levels of 111.0 ug/ml were attained; 3 g of
cefazolin and 1 g of probenecid resulted in a level of
200.0 ug/ml (123).

Distribution—Rats were injected intramuscularly
with 14C-.labeled cefazolin, and the tissue concentra-
tions were determined using radioactive and microbi-
ological assays (98, 117, 120, 126, 130, 131). The con-
centration of cefazolin was very high in the kidneys,
lungs, and liver. Peak levels reported (120) for these
organs were 68.64, 19.52, and 22.41 ug/g of tissue, re-
spectively. The concentration of cefazolin found in
the serum at the time of peak tissue levels was 77.60
ug/ml; levels of 14.42 ug/g of heart tissue, 1.05 ug/g of
brain tissue, and 5.10 ug/g of spleen tissue were also
found.

In one study where synovial fluid levels of cefazolin
were measured in humans (113), the levels of cefazo-
lin found were similar to the levels of cefazolin found
in the blood. After an intramuscular injection of 1.0
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g, peak serum levels of 65 ug/ml were attained. The
synovial fluid level at that time was approximately 75
ug/ml. Cerebrospinal fluid concentrations in human
volunteers also were measured (120). In this study,
intravenous doses of 10 mg/kg were given and the ce-
rebrospinal fluid and serum levels were determined
as a function of time. The serum levels varied from 40
ug/ml at 30 min after injection to 9 ug/ml at 4 hr after
injection. However, the cerebrospinal fluid levels re-
mained constant at 4 ug/ml throughout the entire
study.

Studies performed on mucous membranes (132) in
patients with chronic sinusitus found that the levels
of cefazolin were 1.5 and 3.5 ug/g of tissue after a 250-
and 500-mg intramuscular dose, respectively. The
tissue used was the mucus membrane removed from
the maxillary sinus. In other studies performed by
these same authors, doses of 250 and 500 mg of cefa-
zolin were administered to patients with tonsillar hy-
pertrophy. The tissue levels attained were 3.4 and 7.6
ug/g of tissue, respectively.

Metabolism and Excretion—The metabolism of
cefazolin is a very insignificant process in the elimi-
nation of the drug. Various studies using chromato-
graphic separation techniques found that no microbi-
ologically active metabolites were present in the
urine of rats or humans (102, 117, 131). In studies
where 14C-cefazolin was injected intramuscularly into
rats, two metabolites of cefazolin were present in the
bile and one metabolite was present in the urine
(122). These metabolites accounted for a small frac-
tion of the original dose. Some metabolites were re-
covered in the urine and the bile (131), but the
amounts recovered were very small. Another similar
study found no cefazolin metabolites (120).

The bile of normal patients and patients with gall-
bladder and bile duct impairments was examined for
cefazolin content after systemic administration of the
drug (113, 121, 133). In one study (113), cefazolin was
infused intravenously at a rate of 500 mg/hr for 1 hr
and then at a rate of 250 mg/hr for 2 hr. During the
steady state, the serum concentration of cefazolin
was 50 ug/ml and the concentration of cefazolin in
the bile was 12.2 ug/ml. Cefazolin biliary excretion
was 0.104 ml/min/1.73 m?. Other studies performed
using patients with normal bile duct and gallbladder
function found a biliary concentration twice that of
the serum concentration of cefazolin (121); bile levels
seven times those found in serum were observed in
one study (133). ‘

In diseased patients having a gallbladder or bile
duct dysfunction, without obstruction of the bile
duct, the levels in the bile were at least twice, and
sometimes as high as seven times, those of the serum.
These patients had cholelithiasis, cholecystitis, and a
nonobstructed cystic duct. The levels found in the
gallbladder tissue were similar to those found in the
bile. In patients with an obstructed cystic duct, the
levels of cefazolin in the bile were below those found
in the serum (133).

The recovery of cefazolin in the bile of rats given
20-mg/kg im or sc doses of cefazolin was as high as
20% of the original administered dose (117). Thus,
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considering the high levels of drug appearing in the
bile, cefazolin may be effectively used to treat infec-
tions in the bile duct or gallbladder.

Cefazolin is eliminated from the body mainly
through renal excretion. Urinary recovery studies
(44, 70, 98, 99, 104-109, 111, 113-118, 121, 127, 134)
showed that essentially 100% of the administered
dose can be accounted for as unchanged drug in the
urine. The serum and renal clearances for cefazolin
were reported to be 62 + 6 and 64 + 6 ml/min, re-
spectively (44). Since these values are not significant-
ly different, it can be concluded that the renal route
of elimination is responsible for removal of a major
percentage of the drug.

The mechanisms responsible for the elimination of
cefazolin are glomerular filtration and tubular secre-
tion. This elimination was first postulated by Regam-
ey et al. (108) by comparing the creatinine clearance,
a measure of glomerular filtration, to the clearance of
cefazolin. The mechanisms involved in the elimina-
tion of cefazolin were further elucidated when pro-
benecid was administered concurrently with the anti-
biotic (44, 114, 123). In all of these studies, a pro-
longed half-life and elevated serum levels character-
istic of the competitive inhibition of the tubular se-
cretion of cefazolin were found.

Numerous pharmacokinetic studies have been per-
formed using patients with normal kidney function
(44, 70, 98, 99, 103-122, 127, 128, 134, 135) and im-
paired kidney function (98, 99, 103, 105, 106, 109,
111, 114, 122, 128, 136). The range of half-lives re-
ported for cefazolin after intravenous administration
is 69-108 min (44, 70, 99, 108, 127, 134), with an aver-
age of 88 min. After intramuscular administration,
the values of the reported half-lives range from 96 to
153 min (44, 99, 104, 105, 109, 114, 127, 134), with an
average of 121 min.

In one study where multiple dosing of cefazolin
was investigated, a half-life of 124 min was found
after the first dose and a value of 88 min was found
after a series of multiple doses (106). The reason for
this change of half-life after a series of intramuscular
multiple doses is unclear, but the explanation re-
ported was that cefazolin-metabolizing enzymes were
produced (106). However, since cefazolin has not
been shown to be appreciably metabolized, this ex-
planation does not seem plausible.

The renal and total body clearances of cefazolin
have been studied (44, 70, 105, 106, 108, 113, 114, 128,
130). The plasma clearance found in one study was
61.5 £ 6.1 ml/min and the renal clearance was 64.6 +
6.0 ml/min after either intravenous or intramuscular
administration (44). Values of 50 ml/min (106, 128),
61.2 ml/min (105), 78.0 ml/min (130), 81.8 ml/min
(113), and 83.6 ml/min (70) have been reported for
renal clearance.

When probenecid was administered concurrently
with cefazolin, higher levels and a prolonged half-life
were found as compared to the administration of
cefazolin without probenecid (123). Cefazolin was ad-
ministered at a dose of 2 g intramuscularly to human
volunteers. When cefazolin was administered with
probenecid, peak levels of about 140 ug/ml were at-



tained. When cefazolin was administered alone, the
peak level attained was about 110 ug/ml. There was a
significant difference in the serum levels attained at
the end of 12 hr when the two levels were compared.
At that time, the cefazolin serum levels were less
than 40 ug/ml with, and 10 ug/ml without, the coad-
ministration of probenecid. Therefore, concurrent
administration of cefazolin and probenecid resulted
in levels above the MIC of many susceptible bacterial
organisms for a prolonged period. In this study, equal
cefazolin serum levels were attained when 3 g of the
drug was administered concurrently with probenecid
compared to the administration of 2 g of cefazolin
and 1 g of probenecid. Increased serum levels and
prolonged half-lives were obtained in other studies
(44, 114).

Since cefazolin is eliminated from the body pri-
marily by renal excretion, a longer half-life and a
higher serum level result in a patient with impaired
kidney function. The effect of kidney function on the
pharmacokinetics of cefazolin has been investigated
(98, 99, 103, 105, 106, 109, 111, 114, 122, 128, 136). In
one study (114), normal volunteers and patients with
varying degrees of renal impairment (creatinine
clearance of 0-47 ml/min) were given 500-mg intra-
muscular doses of cefazolin. The peak levels achieved
in the patients with normal kidney function ranged
from 44.0 to 70.0 ug/ml at 30—~60 min after injection.
The peak levels attained in the patients with kidney
failure ranged from 42.0 to 81.5 ug/ml at 30-120 min
after drug administration. The half-life of cefazolin
in the normal patients ranged from 1.37 to 1.96 hr,
with a mean value of 1.60 hr. In the patients with
renal impairment, the half-life ranged from 4.84 hr in
a patient with a renal clearance of 47.2 ml/min to 69.2
hr in an anuric patient.

A similar study (128) found that as creatinine
clearance decreased, the half-life increased. Czerwin-
ski et al. (128) stated that: “in patients with serum
creatinine concentrations less than 2.5 mg/dl or cre-
atinine clearances greater than 25 ml/min modifica-
tion of cefazolin dosage is not necessary since urinary
excretion is rapid and exponentially related to plas-
ma concentration. In patients with more severe renal
impairment, modification of dosage is necessary to
prevent accumulation.” This observation was based
on the fact that the plasma half-life of cefazolin does
not significantly change until the creatinine clear-
ance falls below 25 ml/min. Below 25 ml/min, the
half-life of cefazolin increased rapidly (128).

In this study (128), the effect of renal function on
the volume of distribution, total serum protein, and
serum albumin was examined. No significant differ-
ences in total serum protein existed in normal pa-
tients as compared to patients with varying degrees
of renal dysfunction. However, the volume of distri-
bution in normal patients was much less than that of
patients having severe renal impairment. In patients
having normal kidney function, the volume of distri-
bution was 13.52 + 3.70% of body weight. Values of
13.62 + 4.06 and 16.53 + 2.62% of body weight were
found in patients with moderate kidney function and
severe impairment, respectively.

In a study in which cefazolin was administered to
patients with varying degrees of renal dysfunction,
patients with lower creatinine clearances generally
bound cefazolin to plasma proteins to a lower extent
than patients with higher creatinine clearance (105).
Since there is a lower degree of protein binding in the
patients with poor kidney function, this increase in
the volume of distribution is expected.

In patients with renal impairment, the reported
urinary recovery of cefazolin was less than that of
normal patients. Patients with normal kidney func-
tion excreted 81.47 £ 6.80% of the dose in 24 hr, with
almost 55% of the dose excreted in the first 6 hr
(128). In patients with moderate impairment (creati-
nine clearance of 47-69 ml/min), 36% was excreted in
the first 6 hr, with a total 24-hr cumulative excretion
of 68.14 + 6.08% of the original dose. In patients with
severe renal impairment (creatinine clearance of 5-21
ml/min), 5.9% of the dose was excreted in the first 6
hr, with a total of 22.08 + 14.13% of the dose excreted
in 24 hr. Urinary concentrations remained relatively
high in patients having normal kidney function and
only moderate impairment; urinary concentrations of
698 + 216 and 638 + 245 ug/ml were reported for the
first 6 hr, respectively. However, in patients with se-
vere impairment, the urinary concentration was 58 +
85 pg/ml in the first 6 hr,

In another study (109), levels in the urine some-
what higher than those previously reported (128)
were found. In patients having normal kidney func-
tion, levels of 1.5 + 0.2 mg/ml were attained in the
first 4 hr. In patients having moderately impaired
kidney function (creatinine clearance of 56-80 ml/
min), levels of 1.9 + 0.6 mg/ml were reached. In pa-
tients with severe kidney impairment, a mean value
of 368 £ 199 ug/ml was attained. However, even in
patients having severely impaired kidney function,
the urinary concentrations were above the MIC for
many organisms. Cefazolin is known to be an effec-
tive antibiotic for the treatment of urinary infections
(129).

The effect of hemodialysis on the pharmacokinet-
ics of cefazolin has been investigated (105, 109, 122,
128, 136). Four patients received 500 mg of cefazolin
intramuscularly about 2 hr before undergoing hemo-
dialysis (128). The half-life of cefazolin during dialy-
sis was 9.3 £+ 2.5 hr, which represents a 33% decrease
in the half-life (39.14 + 18.07 hr) between dialysis pe-
riods.

In another study (122), 1 g of cefazolin was injected
intravenously before dialysis was started. Between
dialyses, the serum cefazolin levels were 89.8 + 28.5
pg/ml at 15 min after administration and 61.6 + 25.3
ug/ml after 8 hr. The half-life was 32.7 + 9.3 hr. Dur-
ing dialysis, the serum concentration of cefazolin was
84.3 + 20.7 ug/ml at 15 min after administration and
fell to 31.6 + 6.0 ug/ml at 8 hr. The half-life was re-
duced to 6.9 + 2.3 hr during the dialysis period. The
hemodialysis extraction percentage was 23% (122).

During dialysis, little difference existed between
the concentration of cefazolin in the arterial plasma
and venous plasma (136). In one study where the ef-
fect of peritoneal dialysis was investigated (109), it

Vol. 64, No. 12, December 1975 / 1909



Table IV—Pharmacokinetic Parameters for Cefazolin Administered Intravenously (Literature Data)«

Literature Reference

Parameter 44 70 700 110 118 122 127 139) Mean + SD
a, hr™! 3.604 8.743 7.80 4.766 1.494 1.487 2.873 4.832 3.971 + 2,510
g, hr™! 0.346 0.447 0.44 0.433 0.419 0.299 0.315 0.573 0.404 + 0.095
K., hr! 1.687 4.660 2.41 1.817 0.265 0.447 1.279 1.961 1.730 =+ 1.452
K, hr! 0.946 3.370 4.46 2.583 1.054 0.735 0.889 2.148 1.674 + 1.028
Ky, hr™! 1.317 1.160 1.44 0.799 0.594 0.605 1.020 1.299 0.970 + 0.309
Ty,a, hr 0.192 0.080 0.08 0.145 0.464 0.466 0.241 0.167 0.240 + 0.169
Ty, hr 2.005 1.550 1.56 1.600 1.652 2.321 2.197 1.248 1.796 + 0.387
V,, liters 2.371 4.269 1.091 4.308 5.461 6.881 4.330 3.482 4.442 + 1.429
Vtcim, liters 6.598 10.171 — 7.338 6.831 11.065 10.566 6.791 8.479 + 2.013
Vdﬁ, liters 9.003 11.074 — 7.948 7.736 13.930 13.999 8.145 10.266 + 2.763
Vdexy, liters 12.869 12.115 — 8.681 9.240 18.756 19.323 10.133 13.013 + 4.378

@ Analysis of data using a two-compartment open model {Scheme 1). b Literature values.

was found that this procedure had a less dramatic ef-
fect on decreasing the half-life of cefazolin. The half-
life of the drug before the dialysis was not given, but
the half-lives found after dialysis were 20.3 and 46 hr.

Use in Children and Infants—The use of cefazolin
in pediatrics has been discussed (110, 124, 135, 137,
138). In one study (124) in which 25 mg/kg of cefazo-
lin was injected into a neonate, peak levels of 35
ug/ml were attained in the serum. At the end of 12 hr,
the serum level was 10.7 pg/ml. It was reported that
41.5% of the dose was excreted in the urine within the
first 24 hr.

After a 6.25-mg/kg dose of cefazolin in children
(ages not given), the concentration of cefazolin in the
urine was 850 ug/ml (135). After a dose of 10.0-12.5
mg/kg, the concentration in the urine was 1425 ug/
ml. Another study (137) found similar results with
newborn babies; however, in premature infants, the
7-hr urinary recovery was 61.5% as compared to the
7-hr urinary recovery of 41.4% in newhorn babies.

The concentration of cefazolin in the mothers’ milk
was reported to be very low (124, 275). The levels in
the umbilical cord after an injection of 500 mg into
the mother before delivery was between 5 and 7
ug/ml 15 min after injection (124). Levels in new-
borns were not reported.

Pharmacokinetic Considerations—All studies of
the pharmacokinetics of cefazolin, except two (70,
139), were performed using a one-compartment open
model. As can be seen in Fig. 4, the resultant plot ap-
pears to be biexponential and the two-compartment
open model analysis (70, 139) appears to describe
more appropriately the pharmacokinetics of this drug
than do other published studies. Use of the two-com-
partment open model analysis of cephalosporin data
was discussed in the section on cephalexin.

The pharmacokinetic parameters obtained when
the literature data were analyzed using a two-com-
partment open model appear in Table IV. Other re-
ported values (70, 139) also appear in this table for
comparison.

The half-life of cefazolin when analyzed by a two-
compartment open model is approximately 1.8 hr.
This value is not significantly different from the re-
ported values of 1.5 and 1.95 hr for cefazolin after in-
travenous and intramuscular administration, respec-
tively.
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Cefazolin, being over 80% bound at therapeutic
concentrations, has a relatively small volume of dis-
tribution. The volume of the central compartment,
found when literature data were analyzed using a
two-compartment open model, was 4.4 liters. This
value approximates the volume of the plasma water.
In one report (70), the volume of distribution (15 li-
ters) was found by using a constant-infusion one-
compartment open model. This volume represents a
Vd; of a two-compartment open model, and its sig-
nificance was discussed under Cephalexin.

A volume of distribution of 10 liters after an intra-
venous infusion was found by using Eq. 3 and is anal-
ogous to Vds (44). Tt is not significantly different
from the term shown in Table IV.

The volume of distribution after intramuscular ad-
ministration of cefazolin was approximately 12.2% of
body weight (105); thus the volume of distribution
would be 8.5 liters in a 70-kg human. This value was
calculated by fitting the blood levels of cefazolin to a
one-compartment open model. Therefore, the volume
found in this analysis is analogous to the two-com-
partment Vdey. This number is not appreciably dif-
ferent from the two-compartment Vdey (Table IV).

A value of 13.2% of body weight was reported for
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Figure 4—Serum levels for cefazolin administered intravenously
(rate constants for data generation from Table IV).



the volume of distribution of cefazolin after intra-
muscular administration (128). The method used was
to extrapolate the log-linear portion of the serum
level curve to the y axis. The y intercept would erro-
neously be called C,% and the volume of distribution
is then dose/C,°. However, this intercept is actually
(CpPka)/(kq — K), where K and k, are the overall
one-compartment open model elimination and ab-
sorption rate constants, respectively. Therefore, the
value of this intercept was not correctly evaluated,
and the volume obtained is incorrect.

The value for the renal clearance of cefazolin when
analyzed by a two-compartment open model is 71.8
ml/min. This value is similar to the values reported
with a one-compartment open model analysis. Re-
ported values range from 61.5 to 81.8 ml/min (108,
113).

The normal dosage for patients with normal kid-
ney function is 0.5-1.0 g every 12 hr (99). Since 12 hr
is approximately six half-lives, over 98% of the drug
has left the body. Since cefazolin has a wide thera-
peutic range and since accumulation does not take
place due to the short half-life and long dosing inter-
val, the use of one-compartment open model kinetics
for this drug as well as for cephalexin will not serious-
ly affect data anpalysis.

Cephalothin—Cephalothin, 3-(hydroxymethyl)-8-
0x0-7- [2-(2-thienyl)acetamido]-5-thia-1-azabicy-
clo[4.2.0]oct-2-ene-2-carboxylate acetate (ester) (VI),
is a semisynthetic cephalosporin and is available as
the sodium salt for intravenous or intramuscular ad-
ministration. The molecular weight of cephalothin
sodium is 418.4. The synthesis of cephalothin has
been discussed (139). It is moderately soluble in
aqueous media, i.e., up to 300 mg of cephalothin sodi-
um may be dissolved in 1 ml of water. The pH of an
aqueous solution of cephalothin sodium is 5.2; how-
ever, the activity of cephalothin is not altered by a
variation of pH from 4 to 7.5 (153). It is active against
both Gram-negative and Gram-positive bacteria, in-
cluding such strains as Diplococcus pneumoniae, S.
aureus, and E. coli (140).

In one study of the stability of cephalothin (141),
the drug was stable for 12 days when stored at —15°
in either serum or pH 6 phosphate buffer. When
stored at 4°, 10% of the original activity was lost in 48
hr and 40% was lost by the end of the 12th day. When
cephalothin was stored in serum at room tempera-
ture, only 13% of the original activity remained after
2 days. However, the drug in the phosphate buffer
lost only 15% of its original activity after 12 days
when stored at room temperature. Other studies of
cephalothin stability have been reported (142, 143).

With the ultrafiltration technique, cephalothin was
found to be 65% protein bound to human serum pro-
teins (44, 105, 108, 144). In one study (141), cephalo-
thin was about 60% less active against a test organism
when in serum as compared to phosphate buffer.

Absorption—Cephalothin is not absorbed when
administered orally (140). When 500 mg of cephalo-
thin was administered orally, there was no detectable
antibacterial activity in the serum between 1 and 4 hr
(140). The recovery of cephalothin in the urine
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ranged from 4.3 to 11.3% of the administered dose.
These results were confirmed in another study (145).

Cephalothin is well absorbed following intramus-
cular administration. After an intramuscular dose of
500 mg, peak levels of 6.3-8.0 ug/ml were attained.
When the dose was increased to 1 g, peak levels of
15.0-20.0 ug/ml were attained (140, 141, 145-148).
Peak levels were obtained approximately 0.5-1 hr
after administration. When probenecid was adminis-
tered concurrently with intramuscular cephalothin,
peak levels of 20.2 and 33.0 ug/ml were attained after
500-mg and 1.0-g doses, respectively.

Peak levels after intravenous administration of 1 g
of cephalothin as a single intravenous dose ranged
from 30 to 60 ug/ml at 15 min after injection (149-
153). After an intravenous infusion of 1 g over 15
min, levels of 10.22 ug/ml were attained (149). When
cephalothin was administered intraperitoneally, a
serum level of 4.45 ug/ml was attained 1 hr after dos-
ing (149).

Sheng et al. (160) studied the serum concentra-
tions of cephalothin after intramuscular administra-
tion of 12,5 mg/kg to infants and children. In new-
born infants (1.5 hr-8 days old), peak levels of 25
pg/ml were attained 30 min after injection. In older
infants and children, levels of 14.72 ug/m] were at-
tained 0.5 hr after injection.

Distribution—When cephalothin was adminis-
tered on a dosage schedule of 2 g every 4 hr intramus-
cularly, the levels of cephalothin were high in the
heart, liver, and kidneys. A concentration of 640
ug/ml was found in the heart blood, with a corre-
sponding level of 201 ug/g of tissue in the myocar-
dium of the heart (153). The level of the drug in the
kidneys was 548 ug/g of tissue in the renal cortex, and
it was 63 ug/g of tissue in the liver (153). Brain cortex
levels were reported to be 11 ug/g of tissue.

In a study of the penetration of-cephalothin into
the spinal fluid, levels of 0.16 and 0.31 ug/ml were at-
tained at 30—60 min after an intravenous injection of
2 g to patients with meningitis or nervous system in-
flammation (155). In patients not having meningitis,
the concentrations of cephalothin were below the
limits of the assay (0.16 ug/ml) and could not be de-
tected. A spinal fluid level of 11.7 ug/ml (serum con-
centration of 15.9 ug/ml) was found 2 hr after admin-
istration of 1 g intramuscularly (140).

At 1 hr after injection of 1 g of cephalothin intrave-
nously, the level of cephalothin in pleural fluid was
70.6 ug/ml; at 2 hr, the level was 40.8 ug/ml (140). A
level of 12.6 ug/ml in synovial fluid 20 min after in-
jection of 1 g of cephalothin intravenously also was
reported (150). Distribution of the drug into the
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Figure 5—Serum levels for cephalothin administered intrave-
nously (rate constants for data generation from Table V).

aqueous humor of the eye was reported (152). In this
study, 1 g of cephalothin was administered intrave-
nously and an aqueous humor level of 0.48 ug/ml 0.5
hr after administration was found. Ascitic fluid levels
of 2.6-4.0 ug/ml after intravenous administration of 1
g of cephalothin were reported (149).

Many studies have appeared concerning the pla-
cental transfer of cephalothin (156-160, 275). Cepha-
lothin is transferred rapidly from the maternal blood
supply to the fetus (156, 157, 275). Concentrations of
30.2 and 12.5 ug/ml were found in the mother and
fetus after an intravenous injection of cephalothin
(156). The drug appeared in the amniotic fluid within
15 min after administration. The concentration of
cephalothin in the mother’s milk was reported to be
very low (275).

Metabolism—Cephalothin is rapidly metabolized
in the body to desacetylcephalothin. The site of the
desacetylation of cephalothin is speculated to be
within the liver and kidneys (161). It is possible to
separate the unchanged drug from its metabolite by
use of chromatographic techniques (162). One study
found that 33% of the recovered urinary antibiotic
activity is due to the metabolite (161).

Wick (163) studied the antibacterial activity of
desacetylcephalothin against various strains of bacte-
ria. He found that while the metabolite was active
against many forms of bacteria, it was less effective
than the unchanged drug. The levels of the metabo-
lite in the urine of mice were almost twice those of
the unchanged drug.

The time course of desacetylcephalothin appear-
ance was studied in a patient with chronic renal fail-
ure after a 1-g iv dose (42). Appreciable metabolite
production did not occur until approximately 2 hr
after dosing. A differential microbiological assay was
apparently used, but the procedure was not discussed
in detail. Examination of the data indicates that the
metabolite was assayed in the presence of greater
than 100 times the concentration of the parent com-
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pound. Due to the lack of experimental detail and the
technical difficulties of such an analysis, it is not pos-
sible to assess the meaning of these findings.

Excretion—The biliary excretion of cephalothin
was studied in humans by injecting 1 g of cephalothin
intravenously and collecting bile and serum (164).
The peak levels of cephalothin in the bile ranged
from 0.4 to 42.0 ug/ml. The time of the peak concen-
tration was between 1 and 3 hr. In the first 3 hr after
administration, the levels in the bile were generally
above 1 pg/ml. In duodenal juice collected by intuba-
tion from patients with normal kidney function, the
levels of cephalothin ranged from 4.6 to 6.5 ug/ml. In
patients with renal insufficiency, the levels in duo-
denal juice were slightly elevated, with maximum lev-
els between 10 and 16 pg/ml. This increase in biliary
levels was due to the elevated serum concentration
attributed to poor kidney function. Therapeutic lev-
els were found in only 2.4% of the subjects in one
study (276).

The half-life of cephalothin in patients with nor-
mal kidney function was reported to be between 0.47
and 0.85 hr (44, 105, 108, 141, 165-167). After an in-
tramuscular dose of 1 g, levels of 800 and 2500 wg/ml
were found in the urine (48, 140, 145, 168).

Cephalothin is excreted through the processes of
tubular secretion and glomerular filtration, as is ap-
parent by the increase in plasma levels after the
coadministration of probenecid (140, 146). Serum
levels of 33.0 ug/ml, almost double those in individu-
als not given probenecid, were reported after admin-
istration of 1.0 g of cephalothin and probenecid (140).
The reported renal clearance was 274 ml/min, and
the total body clearance of cephalothin was 472 ml/
min (108). Therefore, 58% was removed from the
body by renal processes. The rest was removed by
metabolism.

Since cephalothin is metabolized in vivo, the total
recovery of unchanged drug does not equal the
amount of administered drug. In one study (131), ap-
proximately 52% of the initial dose was recovered in
the urine after 24 hr; other recoveries ranged from 50
to 70% (140, 141).

The half-life of cephalothin is increased in patients
with impaired renal function (169). The half-life of
cephalothin increased to 18 hr in patients with creati-
nine clearance less than 5 ml/min (165). The half-life
of cephalothin increased from 0.5 hr in a normal pa-
tient to 2.9 hr in a patient with a creatinine clearance
of 5 ml/min (166). The serum half-life of cephalothin
only increased moderately even in a patient with se-
vere kidney dysfunction (103). In another study (42),
a uremic patient was given 1 g of cephalothin intrave-
nously. The half-life of cephalothin was about 2 hr.
The levels of the metabolite, desacetylcephalothin,
increased over the first 12 hr and then declined, with
the half-life of the metabolite being about 8 hr.

Cephalothin is removed from the body during both
hemodialysis and peritoneal dialysis (148, 170). The
half-life of cephalothin was reported to be 3.3 hr dur-
ing dialysis (170). The half-life of cephalothin during
the nondialysis periods was not given. Perkins et al.
(148) found that 24% of cephalothin was removed



Table V—*“Apparent’’ Pharmacokinetic Parameters for Cephalothin Administered Intravenously (Literature Data)s

Literature Reference

Parameter 70 700 98 164 246 Mean = SD
a, hr™! 10.850 6.4 6.620 4,550 7.090 7.277 + 2.625
8, hr! 1.750 1.53 1.740 0.610 2.140 1.560 + 0.660
K, ,, hr 3.680 1.45 1.390 1.520 1.430 2.005 + 1.118
I 3.520 2.37 2.680 1.080 3.650 2,732 + 1.183
Ky, hr™ 5.400 4.20 4.280° 2.550 4140 4.092 + 1.173
Ty,a, hr 0.063 1.08 0.105 0.152 0.098 0.104 + 0.037
Ty,8, hr 0.396 0.45 0.399 1.139 0.324 0.564 + 0.385
¢ liters 11.637 — 4.681 5.660 9.081 7.764 + 3.198
Vdgq, liters 23.818 — 7.101 13.598 12.628 14.286 + 6.969
Vdg, liters 35.890 — 11.549 23.738 17.622 22.199 : 10.395
Vdext, liters 59.927 — 24.168 46.831 29.650 40.144 + 16.345

@ Analysis of data using a two-compartment open model (Scheme I). D Literature values.

from the body during peritoneal dialysis.

Pharmacokinetic Considerations—If the serum
levels of cephalothin after intravenous administra-
tion are plotted on a semilogarithmic axis (Fig. 5),
the resultant plot appears to be biexponential. How-
ever, since cephalothin is metabolized, it is possible
that the two-compartment open model is not appro-
priate and the kinetics should be described by a
model with a provision for a saturable metabolic pro-
cess.

A complicating factor in the analysis of cephalo-
thin is that the reported serum concentrations of the
drug do not represent actual concentrations of cepha-
lothin but the total combined antibiotic activities of
cephalothin and desacetylcephalothin. In addition,
the standard curves used in microbiological analysis
are constructed using pure drug and a particular mi-
croorganism. The sensitivity of these microorganisms
to the parent compound and the metabolite are dis-
similar.

As drug blood levels decline, a change in the pro-
portion of free drug to metabolite occurs as a func-
tion of time. The measured zone sizes, therefore, do
not represent a simple log-linear relationship with
concentration since the sensitivity of the microorga-
nism to the combined “antimicrobial agents” is ap-
parently changing as a consequence of an altered par-
ent compound to metabolite ratio. In addition, if one
uses a different microorganism with different sensi-
tivity to these drugs, one would expect the assay re-
sults to yield somewhat altered “apparent concentra-
tions.”

It is, therefore, not possible to analyze the pub-
lished data pharmacokinetically, since the calculated
rate constants are artifactual. Since this drug is wide-
ly used and considerable blood level data have been
published and widely quoted, a two-compartment
open model analysis of literature data is provided in
Table V for the sake of completeness and compari-
son. These data should not be interpreted to repre-
sent actual pharmacokinetic parameters.

Cephaloridine—Cephaloridine, 1-[[2-carboxy-8-
0x0-7-[2- (2 -thienyl) acetamido] - 5- thia - 1 -azabicy-
clo[4.2.0]oct-2-en-3-yl]methyl}pyridinium hydroxide
inner salt (VII), has a qualitative spectrum of anti-
bacterial activity almost identical to that described
for cephalothin, although there are differences in the

degree of activity against specific bacterial genera
(103, 116, 144, 167, 171-182).

When the acetoxy group of cephalothin is replaced
with pyridine, the resulting compound, cephalori-
dine, is more stable both in vitro and in vive (77, 142,
143, 183, 184).

Cephaloridine was reported to be 15% (79) and
8-31% (185) protein bound in human serum. Other
reports give protein binding values within this range;
however, most values appear to be less than 20% (42,
167, 186).

Absorption—Cephaloridine is readily absorbed
after intramuscular injection and poorly absorbed
from the GI tract (86, 173). A 250-mg intramuscular
dose gave a peak serum concentration of about 15
ug/ml (103, 187), while 500-mg and 1-g doses gave
peak blood levels of approximately 30 and 40 ug/ml,
respectively (103, 188). Slightly lower levels also were
reported (48, 108, 116, 126, 173, 179, 186, 189).

After intramuscular administration to children 2
months to 14 years of age, peak serum concentrations
(approximately 45 min after administration) were 7,
16, and 32 ug/ml after a 50-, 100-, and 200-mg/kg
dose, respectively (190). Similar results were reported
in another study (275).

Distribution—Biliary excretion was found to be a
minor pathway of elimination. A biliary concentra-
tion of 10 ug/ml was found when the serum concen-
tration was 24 ug/ml (189, 191).

Cephaloridine concentrations in the spinal fluid of
patients with uninfected meninges were 6-12% of
those in the blood and serum (188, 189, 192, 193).
However, poor penetration of the drug into the cere-
brospinal fluid was reported (194).

Cephaloridine concentrations of about 12 ug/ml
were found in fresh wounds 1 hr after a 15-mg/kg in-
travenous dose (185). The antibiotic levels decreased
as the wound age increased.
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Cephaloridine was found to diffuse into peritoneal
and pleural fluids (193, 195). The drug distributed
well into the liver, spleen, stomach wall, and lung but
was found in a much smaller amount in the cerebral
cortex (189).

Cephaloridine injected subconjunctivally was
found to penetrate aqueous humor and subretinal
fluid effectively (196, 197). Low but effective subreti-
nal levels were reported (198).

Records (199) was unable to detect antibacterial
activity in the aqueous humor after a 1-g dose of
cephaloridine. However, levels of 7-28 ug/ml were
found in the secondary aqueous humor which refills
the eye following aspiration of the primary fluid.

Prakash et al. (200) injected 1 g of cephaloridine
intramuscularly every 12 hr for two doses to 60
women undergoing amniotomy for induction of labor
to study the absorption and transfer of the antibiotic
to the fetus as protection against intrapartum infec-
tions. The drug provided inhibitory concentrations in
maternal serum, amniotic fluid, and umbilical cord
blood. Similar resuits were found in another study
(275).

Metabolism and Excretion—Urine specimens,
both animal and human, which were examined by
chromatographic and bioautographic techniques,
showed that no other microbiologically active metab-
olites were present and that cephaloridine was ex-
creted unchanged in the urine (183, 201).

Renal excretion of this drug is considered to be
largely the result of glomerular filtration, but a 1.2-
fold increase in cephaloridine serum concentration
was found after probenecid administration (173, 179,
202, 203) and appears to indicate some tubular secre-
tion. Excretion was found to be pH dependent, :.e.,
increasing with decreasing pH (277).

Kidney disease resulting in impaired kidney func-
tion results in increased serum half-lives up to 23 hr
(54, 105, 167, 189, 192, 203—-207). The relationship be-
tween renal function and biological half-life was dis-
cussed (192).

Hemodialysis reduced the serum half-life in uremic
patients to 3-5 hr (105, 167, 189, 204). An extraction
ratio of 0.23-0.35 was reported (148, 192). Peritoneal
dialysis resulted in a daily loss of 125-500 mg of drug
from the body.

Urinary concentrations of 150 ug/ml or greater
after a 0.5- or 1-g dose were maintained in all but
anuric patients (192).

Urinary recovery after intramuscular and intrave-
nous dosing was 60-80% (44, 116, 126, 172, 173, 179,
186, 187). Several investigations found 85% of a 500-
mg dose in the urine (44, 105, 108).
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Renal clearances were reported to be 146-280 ml/
min (108, 173). A plasma clearance of 167 ml/min/
1.73 m? and a renal clearance of 125 ml/min/1.73 m?
were reported, indicating that approximately 75% of
the drug was removed from the body by the kidneys
(44, 108).

A serum half-life of approximately 1.1-1.5 hr was
reported for cephaloridine (108, 126, 166, 167, 192,
205); however, a value of 48 min also was found (173).
The volume of distribution was 16 liters (108).

Pharmacokinetic Considerations—Extensive
pharmacokinetic analysis of literature data is not
possible for this drug, since appropriate intravenous
data have not been published. Most studies per-
formed with cephaloridine involved intramuscular
administration and were not designed for phar-
macokinetic analysis. This drug is primarily adminis-
tered via the intramuscular route.

Since its physicochemical properties are not signif-
icantly different from the other cephalosporins, the
pharmacokinetics of this drug should be similar to
those of the other cephalosporins; i.e., its time course
in the body is biexponential. Like the other cephalo-
sporins, its half-life (1 hr) is short in relation to the
normal dosing interval (6 hr), so the pharmacokinet-
ics of this drug can be described adequately by a one-
compartment open model.

Cephapirin—Cephapirin, 3-(hydroxymethyl)-8-
0x0-7-[2-(4-pyridylthio)acetamido] -5- thia-1-azabicy-
clo[4.2.0]oct-2-ene-2-carboxylate  acetate  (ester)
(VIII), is a semisynthetic cephalosporin for parenter-
al use. It is derived from 7-aminocephalosporanic
acid. Cephapirin has a spectrum of antimicrobial ac-
tivity similar to that of cephalothin (208). Cephapirin
is effective against Gram-positive bacteria. Except
for two strains of Staphylococcus epidermidis and S.
aureus, cephapirin is effective at concentrations of
3.1 ug/ml or less against all susceptible strains of
Gram-positive bacteria. Gram-negative bacteria were
found to be less sensitive to the effects of the drug
(208).

The sodium salt of cephapirin is extremely soluble
in water; at 25°, the solubility is greater than 500
mg/ml (209). The pH of a reconstituted solution of
cephapirin (sodium salt) is between 5.7 and 7.3 (209).
Cephapirin is stable at 25° when reconstituted in
most commonly used parenteral solutions. When re-
constituted in sterile water, only 6% of the initial ac-
tivity of the drug is lost in a 24-hr period. A complete
study of the stability of cephapirin has been pub-
lished (209).

Cephapirin is 44-50% bound to human plasma pro-
teins (210). The addition of cephapirin to serum had
little effect in lowering the MIC of this drug to S. au-
reus (208).

Absorption—Since cephapirin is not absorbed
orally, it is only administered through the intramus-
cular and intravenous routes. Cephapirin seems to be
relatively well absorbed after intramuscular injec-
tion. In one study in which 1 g of cephapirin was ad-
ministered intramuscularly, peak levels in the serum
of 24.2 ug/ml were attained at 0.5 hr after injection
(211). Peak levels of cephapirin after intramuscular



administration of 0.5- and 1.0-g doses were 8 and 15
ug/m), respectively (210). Peak levels were attained
between 0.5 and 1 hr after administration.

After intravenous administration, a level of 72.6
ug/ml was reported at 0.5 hr after injection (211).
These levels fell to 6.06 ug/ml at 1 hr after adminis-
tration. Another study (210) found much lower levels
after intravenous administration of 1.0 g of cephapi-
rin. A peak level of about 15 xg/ml was attained.

Excretion and Metabolism—Cephapirin is metab-
olized to desacetylcephapirin in vivo (212). Approxi-
mately 41% of the recovered antibiotic is in the des-
acetylcephapirin form. Desacetylcephapirin was ap-
proximately 54% as potent as the unchanged drug
against S. lutea (212).

Cephapirin is eliminated from the body largely
through renal processes. Less than 1% of the original
dose was recovered in the bile (210).

After an intravenous dose of 1 g, urinary levels of
2560 + 503 ug/ml were found. Recoveries after 1-g in-
travenous and intramuscular doses were 72 + 7.5 and
54 + 18.6%, respectively (211).

The reported half-lives of cephapirin after intrave-
nous and intramuscular administrations to normal
volunteers were 21 and 47 min, respectively (211).

Since the elimination of cephapirin is largely due
to renal excretion, the half-life of cephapirin is ex-
tended in patients with renal dysfunction. A study
using azotemic patients found that the serum half-
life of cephapirin was 95.9 min (212). These patients
were not undergoing any form of dialysis treatment
during the study. The average creatinine clearance
was 12.6 ml/min. These patients excreted 19.5% of
the initial dose in the urine.

The effect of dialysis on the half-life of cephapirin
was studied, and the half-life in patients undergoing
dialysis was about 107 min (212). Dialysis removed
22.8% of the dose.

A review of the use of cephapirin in children was
prepared (213). Intramuscular injections of 20 mg/kg
produced peak levels of 14.5 ug/ml, and injections of
12.5 mg/kg produced peak levels of 7.6 ug/ml. The
antibiotic concentration in the urine after an intra-
muscular dose of 20.0 mg/kg was 1600 ug/ml. This re-
covery was 53% of the initial dose.

Pharmacokinetic Considerations—A very limited
number of studies report serum levels of cephapirin
(211, 214). Due to the paucity of information, plus
the fact that the drug is metabolized and assayed mi-
crobiologically, it is difficult to discuss the pharmaco-
kinetics of cephapirin. Only one study (211) de-
scribed the pharmacokinetics of this drug. The re-
ported half-life was 21 min after intravenous injec-
tion. This value was probably calculated by a log-lin-
ear regression using all points. Graphical estimation
of the terminal portion of the curve, however, results
in a half-life of approximately 42 min.

These data (211) are shown in Fig. 6. It can be seen
that the curve appears to be biexponential. For the
sake of completeness, the data were fitted to a two-
compartment open model (Table VI). The half-life of
the (-phase is about 45 min, almost twice that re-
ported but identical to that obtained from the termi-
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Figure 6—Serum levels for cephapirin administered intrave-
nously (rate constants for data generation from Table VI).

nal portion of Fig. 6. The rate constants in Table VI
should be considered to be apparent due to the fact
that the drug is metabolized to a less active com-
pound and assayed via a microbiological procedure.
A more detailed discussion appears in the Cephalo-
thin section.

Cephacetrile—Cephacetrile, 7-(2-cyanoacetami-
do) - 3 -(hydroxymethyl)-8-oxo-5-thia-1-azabicyclo-
[4.2.0]oct-2-ene-2-carboxylate acetate (ester) (IX),
is a bactericidal drug whose mode of action is similar
to the 8-lactam antibiotics (215). It is less active than
cephaloridine against penicillin-susceptible strains of
S. aureus but is more active than cephaloridine or ce-
phalexin against B-lactamase-producing strains.
Cephalothin is more active in this regard than cepha-
cetrile. Cephacetrile was reported to be relatively sta-
ble to -lactamase degradation (180). It is also less
active than cephaloridine and more active than ceph-

Table VI—Pharmacokinetic Parameters for Cephapirin
Administered Intravenously (Literature Data)a

Literature Reference

Parameter 211 214 Mean + SD
a, hr™! 5.3563 5.290 5.321 + 0.045
g, hr! 0.926 1.082 1.004 + 0.110
K, hr! 0.890 1.090 0.990 + 0.141
K, , 6 hr! 1.177 1.570 1.374 £ 0.278
Kep, hr™! 4.213 3.710 3.960 = 0.360
T,,,a, hr 0.129 0.132 0.131 + 0.002
T,,.8, hr 0.749 0.669 0.709 + 0.057
V., liters 6.166 12.379 9.273 + 4.393
Vd, liters 10.830 20.916 15.873 + 7.132
Vdg, liters 28.055 41.829 34.942 + 9.739
Vd ey, liters 108.888 118.517 113.703 + 6.809

4 Analysis of data using a two-compartment open model (Scheme

1.
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alothin against certain Gram-negative organisms
(215). Similar results were reported in other studies
(216-219). Cephacetrile was 33-36% bound to serum
(215, 220). A binding range of 23-34% also was re-
ported (221). Metabolism of the drug appears to be
negligible based on chromatographic work (215, 220).
It also appears to be less nephrotoxic than cephalori-
dine (222-224).

Absorption—Cephacetrile is absorbed after intra-
muscular injection. In one study, peak serum concen-
trations of 22.7 ug/ml were achieved 1 hr after ad-
ministration of a 1-g dose and declined to an average
of 1.65 ug/ml 4 hr after dosing (225). Similar results
were reported (226), but some lower peak levels also
have been found (221, 227, 228). Peak levels of 17.1
ug/ml at 30 min after injection were reported (229).

Dvoracek et al. (228) used a one-compartment
open model to fit their data and found an intramus-
cular absorption half-life of 0.3 hr. This value was
one-fifth the elimination half-life of 1.4 hr. This drug
apparently is rapidly absorbed without a significant
lag time (221, 228). Patients with decreased renal
function exhibited prolonged peak times (229).

Distribution—Distribution to duodenal juice was
low after a 1-g intramuscular injection (227). The
maximal concentrations ranged from 1.0 to 3.1 ug/ml
and were attained at the 1st and 2nd hr after admin-
istration. Higher levels (2.9-7.0 ug/ml) were reported
in patients with renal failure (227).

Cephacetrile was administered to healthy pregnant
women during labor by intravenous infusion and
multiple bolus dosing (230). Maternal serum and am-
niotic fluid concentrations were determined as a
function of time, and cord serum concentrations were
determined after delivery. In the maternal serum, a
mean steady state of 30 ug/ml was obtained. Cord

serum and amniotic fluid concentrations reached 14
and 8-9 ug/ml, respectively, after intravenous admin-
istration and 19 and 22-25 ug/ml, respectively, after
intramuscular administration. Maurice et al. (221)
reported cerebrospinal -fluid, fetal cord, amniotic
fluid, bone, and prostatic tissue levels. .

Excretion—Peak bile levels were observed be-
tween 1 and 4 hr after a 1-g intramuscular dose of the
drug in cholecystectomized subjects (227, 231). The
biliary concentration was low, with the. peak concen-
tration ranging from 1.0 to 6.8 ug/ml. In normal pa-
tients, the 1-hr peak concentrations were 14.7-19.4
ug/ml (227, 231).

Cephacetrile was reported to be 60-100% excreted
in the urine (215, 220-222, 225, 226, 228, 229, 232-
234).

The renal and plasma clearances of this drug were
found to be approximately 230-240 ml/min (228). A
plasma and renal clearance of 361 ml/min/1.73 m?
was reported (226), which is further evidence that the
drug is not significantly metabolized (228, 233, 235).

The serum half-life was reported to range between
0.5 and 1.5 hr (215, 220, 221, 226, 227, 229, 235, 236).

The pharmacokinetics of this drug were analyzed
using a two-compartment open model (228). A -
phase half-life of 1.2 hr was found after intravenous
injection. The rate constants are shown in Table VIIL
The intramuscular data were analyzed via a one-
compartment open model, and a half-life of 1.4 hr
was found.

Altered renal function was accompanied by a drop
in the urinary elimination of the drug (219, 221, 222,
226-228, 231, 233-235, 237). In patients with renal
failure, the serum concentrations of the antibiotic
rose significantly (40.6 £ 8.1 ug/ml) 1 hr after injec-
tion (227). An increase in the half-life from 2.2 to 30
hr was noted (221, 226, 227, 229, 231, 233-238), de-
pending on the severity of the renal function.

The relationships between renal function and the
drug’s half-life of elimination from the body have
been studied (221, 231, 233-237, 239). Suggested
doses in the case of renal insufficiency have been rec-
ommended (221, 229, 234, 240).

Hemodialysis in one study reduced the serum half-
life by a factor of eight, with a mean extraction ratio
of 32% (236). Fillastre et al. (229) found a twofold de-

Table VII—Pharmacokinetic Parameters for Cephacetrile Administered Intravenously (Literature Data)z

Literature Reference

232
228 228b 236
Parameter 221 241 241 242 Mean = SD

a, hr™! 2.410 3.880 4.44 2.470 2.920 + 0.830
B, hr™! 0.536 0.530 0.57 0.550 0.540 + 0.010
K., hr™ 0.658 1.540 1.80 0.680 0.960 = 0.500
K, hr™ 1.010 1.370 1.66 1.050 1.140 + 0.200
Kep, hr™! 1.280 1.510 1.55 1.290 1.360 + 0.130
T, ., hr 0.287 0.180 0.16 0.280 0.250 + 0.060
T, .8, hr 1.294 1.300 1.24 1.270 1.290 + 0.020
V., liters 11.239 8.967 9.221 11.169 10.458 + 1.292
Vds, liters 18.578 19.005 — 18.444 18.676 + 0.293
Vdg, liters 26.921 25.380 — 26.376 26.226 + 0.780
Vdext, liters 44.747 35.805 — 42.952 41.168 + 4.730

@ Analysis of data using a two-compartment open model (Scheme 1). b Literature values.
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Figure 7—Serum levels for cephacetrile administered intrave-
nously (rate constants for data generation from Table VII).

crease in serum levels compared to controls, with an
extraction percentage of 27-33%. Similar results also
were reported (226).

Evidence was presented that cephacetrile is active-
ly secreted by the kidney and that probenecid can
compete for the secretory route (233).

Pharmacokinetic Considerations—As with other
cephalosporins, cephacetrile appears to follow two-
compartment open model kinetics (Fig. 7). Investiga-
tors, with one exception (228), analyzed their data
via a one-compartment open model. Shown in Table
VII are the pharmacokinetic parameters obtained by
analyzing literature data according to a two-compart-
ment open model (220, 221, 228, 232, 236, 241). The
analysis by Dvoracek et al. (228) is included for com-
parison and is similar to the other studies shown in
Table VII. The half-life of the 8-phase is within the
range of reported values. Dvoracek et al. (228) re-
ported a value of 9542 ml as the volume of the tissue
compartment. The sum of V. + V, is Vd,, and is
equal to 18,763 ml, in agreement with the Vd,, values
calculated using data from other studies (Table VII).
The only other volume of distribution term reported
was 0.3-0.5 liter/kg or 21,000-35,000 ml (221). The
method of calculation was not clear, but the graphical
data suggest that the reported value was actually

ext-

In spite of the good fits of cephacetrile data using a
two-compartment open model, little practical advan-
tage is gained with this type of analysis for the rea-
sons stated in the Cephalexin section.

Cefoxitin—Cefoxitin, 3-(hydroxymethyl)-7-me-
thoxy-8-0x0-7- [2-(2-thienyl)acetamido] -5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid carbamate
(ester) (X), is a semisynthetic cephamycin antibiotic
(243). The 7-methoxylated cephalosporins possess
marked resistance to the action of §-lactamases from
Gram-positive and Gram-negative organisms (244).
Of the Gram-negative microorganisms generally sus-
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ceptible to cephalothin, i.e., E. coli, P. mirabilis, and
Klebsiella, cefoxitin was significantly more active
than cephalothin (243, 245). The Gram-positive mi-
croorganisms, on the other hand, were less suscepti-
ble to cefoxitin than to cephalothin (243, 245).

Cefoxitin does not appear to be orally absorbed;
however, the drug appears rapidly in the blood after
intramuscular injection (246). After 0.5- and 1.0-g
doses, approximately 90% was recovered in the urine.
After a 2-g iv dose, 99% was recovered in the urine,
indicating that no extrarenal excretion occurred. Pro-
benecid was found to affect the elimination of cefoxi-
tin in mice (245), suggesting that this drug is elimi-
nated via glomerular filtration as well as tubular se-
cretion. This finding was also reported in humans
(247). The drug was also found to be widely distribut-
ed in soft tissue (245).

The biological half-life of cefoxitin was calculated
to be 45 min (246) compared to 25 min for cephalo-
thin. The serum concentration versus time curve
(Fig. 8) for this drug, as well as other cephalosporins,
appears to exhibit biphasic decay. Analysis of the
data of Kosmidis et al. (246) via a two-compartment
open model analysis is shown in Table VIIL. Since a
paucity of published data exists concerning this anti-
biotic, it is not possible to draw further conclusions
relative to its pharmacokinetic characteristics. The
main advantage of this drug seems to be its resistance
to degradation by 3-lactamases.

Cephanone—Cephanone, 3-(5-methyl-1,3,4-thia-
diazol-2-ylthiomethyl)-7-[2-(3-sydnone)acetamido]-

200 -
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SERUM CONCENTRATION, ug/mi

1 2 3
HOURS

Figure 8—Serum levels for cefoxitin administered intravenously
(rate constants for data generation from Table VIII).
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Table VIII—Pharmacokinetic Parameters for Cefoxitin
Administered Intravenously (Literature Data)e

Table IX—Pharmacokinetic Parameters for Cephanone
Administered Intravenously (Literature Data)2

Parameter Literature Reference, 246
a, hr™! 6.316
g, hr™! 1.041
K, ,hr! 2.191
K, , hr! 2.274
Kep, hr™! 2.892
T,,,a, hr 0.110
T8, hr 0.666
V., liters 6.883
Vd g, liters 13.516
Vdg, liters 19.120
Vdext, liters 29.463

@ Analysis of data using a two-compartment open model {Scheme

B).

3-cephem-4-carboxylic acid (XI), is a semisynthetic
cephalosporin derivative with an antibacterial spec-
trum similar to that of cephalothin (44, 248, 249).
This drug was withdrawn from clinical trials due to
suspected carcinogenicity, but it is included in this
review for the sake of completeness. The drug is 86—
88% protein bound (44, 250) and is relatively stable
to 8-lactamase degradation (180).

The average drug concentration in serum 0.5 hr
after intramuscular administration of 1 g of cepha-
none was reported to be 38 ug/ml (249). Peak concen-
trations were attained at 1 hr. After 6 hr, the blood
level declined to 22.1 ug/ml; after 12 hr, the blood
level was still relatively high: 5.3 ug/ml. This level ex-
ceeds the MIC for most susceptible organisms (249).
The half-life was 174 min; however, after intravenous
administration, the half-life was 126 min, indicating
that intramuscular administration does not provide,
as with cefazolin and cephalexin, a pure elimination
phase. After a 1-g iv injection, the blood levels ranged
from 81.2 to 8 ug/ml after 8 hr. At 12 hr postadminis-
tration, drug levels were not detectable (249).

Regamey and Kirby (250), however, found higher
blood levels after both intramuscular and intrave-
nous injections. After intravenous administration of
250 mg of cephanone, a peak serum concentration of
31.9 ug/ml was present at the end of the 1st hr. An in-
tramuscular injection of 500 mg resulted in a peak
concentration of 36 ug/ml at 1 hr. These levels de-
clined to 6.6 ug/ml after 8 hr. The serum half-life of
cephanone, measured after intravenous infusion (1.5
mg/kg/hr), was 2.4-2.5 hr (44, 250). After intramus-
cular injection, it was 2.63 hr. Regamey and Kirby
(44, 250) reported total or serum clearance to be 56.3
ml/min/1.73 m2 Renal clearance was 46.6 ml/min/
1.73 m2. The ratios of renal to creatinine clearance
and serum to creatinine clearance were statistically
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Literature Reference

Parameter 249 250 Mean + SD

a,hr™t 2.100 0.641 1.370 £ 1.032
g, hr™ 0.282 0.224 0.252 + 0.041
K, ,hr™! 0.377 0.106 0.241 + 0.191
K, h™ 1.645 0.360 1.002 + 0.909
Ky, hr ™! 0.360 0.398 0.379 + 0.027
T, o, hr 0.330 1.080 0.705 + 0.532
T,,,8, hr 2.457 3.097 2.776 + 0.453
Ve, liters 10.400 5.184 7.792 + 3.688
Vdgy, liters 12.782 6.713 9.747 + 4.291
Vdﬁ, liters 13.275 9.226 11.250 + 2.863
Vdeyxt, liters 13.870 15.867 14.868 + 1.412

@ Analysis of data using a two-compartment open model (Scheme

1.

identical, i.e., 0.40-0.47. These ratios suggest that ce-
phanone leaves the body chiefly through the kidneys.

The volume of distribution was reported to be 12
liters/1.73 m? (44) and 13.6 liters (250). These values
were obtained after constant infusion and are analo-
gous to the Vdg of a two-compartment open model
analysis.

Urinary excretion of cephanone appears to be high;
however, variable results were reported (249). During
a 24-hr period, all of a 1-g intravenous dose was ex-
creted, but only 38% was found in the urine after a
500-mg injection. Intramuscular injection resulted in
50% of the administered (1-g) dose being excreted in
the urine. Urinary drug concentrations were high.
After administration of 1 g intramuscularly or intra-
venously, urine concentrations were 1.7 and 5.0 mg/
ml, respectively, after 8 hr.

Regamey and Kirby (250) found 92% of a 500-mg
im dose excreted in the urine. Similar results were
obtained after intravenous infusion. Urine concentra-
tions of cephanone were 900, 200, and 20 ug/ml in
collections 0-4, 4-8, and 8-24 hr after administration,
respectively.

After intravenous administration, the decline in
cephanone serum levels appears to be biexponential
(Fig. 9). It was possible to fit these data using a two-
compartment open model analysis (Table IX). It can
be seen that the half-life of the 3-phase is in reason-
able agreement with the literature using a one-com-
partment open model analysis. The volume of distri-
bution terms are relatively low, probably due to the
high degree (86-88%) of protein binding. This par-
tially contributes to the relatively high blood levels
seen with this drug. The large degree of protein bind-
ing probably results in the high and prolonged serum
levels of cephanone.

Cefamandole—Cefamandole, 7-D-mandelamido-
3-][(1-methyl-1H -tetrazol-5-yl)thio]Jmethyl]-8-oxo-
5-thio-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
(XII), is a semisynthetic cephalosporin intended for
parenteral use. The sodium salt has a molecular
weight of 484.5. The spectrum of antibacterial activi-
ty is similar to that of other cephalosporins (251).

Since cefamandole is one of the newest cephalospo-
rins, no pharmacokinetic studies have appeared.
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Figure 9—Serum levels for cephanone administered intrave-
nously (rate constants for data generation from Table I1X).

CLINICAL USE

Appropriate antibiotic usage requires an accurate
knowledge of the antimicrobial susceptibility pattern
of the drug to be given, sound clinical reasoning as to
why the drug is being given, and knowledge of wheth-
er it will reach the site of the pathogen in adequate
concentrations without producing serious side ef-
fects. This portion of the review is an attempt to pro-
vide an overview of the appropriate clinical use of ce-
phalosporin antibiotics from the standpoint of an in-
fectious disease physician.

General Considerations for Cephalosporin Ad-
ministration—Cephalosporins are usually effective
for infection from Gram-positive bacteria such as sta-
phylococci (S. aureus and S. epidermidis), group A
Streptococcus, anaerobic streptococci, and Strepto-
coccus pneumoniae (“pneumococcus”) and from
Gram-negative organisms such as E. coli, P. mirabi-
lis, Hemophilus species, and K. pneumoniae. How-
ever, once one of these bacteria has been identified as
the causative organism of an infectious disease pro-
cess, usually other antibiotic agents are preferable,
either because of a greater degree of microbiological
activity or because of a smaller likelihood of produc-
ing a suprainfection. For instance, the antibiotic of
choice for group A Streptococcus, the ‘“pneumococ-
cus,” nonpenicillinase-producing staphylococci, and
anaerobic streptococci is penicillin G; ampicillin is
the preferred antibiotic for Hemophilus infection
and often has equal or greater activity toward E. coli
and P. mirabilis; and oxacillin is a more logical choice
for penicillinase-producing S. aureus. Cephalospor-
ins have a greater degree of activity against S. epi-
dermidis (about 80-85% sensitive to oxacillin, almost
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all sensitive to cephalosporins); but if a strain is sen-
sitive to oxacillin, it is a better drug to give because of
its narrower spectrum as compared to a cephalospor-
in.

It is only with respect to Klebsiella that cephalo-
sporins are clearly more active than ampicillin, peni-
cillin G, or oxacillin. Although more strains of Klebsi-
ella are sensitive to aminoglycosides, such as genta-
micin and kanamycin, one usually prefers a cephalo-
sporin in a situation where an isolate is sensitive to
both classes of antibiotics due to the greater potential
toxicity of the aminoglycosides.

The enterococci, indole-positive Proteus, Entero-
bacter species, Serratia, Pseudomonas, Herellea,
and Citrobacter are usually resistant to cephalospor-
ins.

The cephalosporin popularity stems mainly from
their reasonably broad antimicrobial coverage, their
relatively low incidence of serious adverse drug reac-
tions, the small frequency of cross-reaction in pa-
tients with a history of penicillin hypersensitivity,
and their common usage to prevent the development
of infection following surgical procedures involving
the insertion of prosthetic devices such as vascular
grafts, artificial heart valves, and orthopedic hard-
ware.

Appropriate Use of Cephalosporins by Paren-
teral Route—Prevention of Infection on Prosthetic
Devices—Few subjects create more lively debate
than the use of antibiotics for prophylactic purposes.
As seen by Jawetz (252), there is no place for prophy-
lactic antibiotics unless the prophylaxis is directed
against one particular or small group of microorga-
nisms.

All other attempts at more general prophylaxis
with antibiotics usually have been unsuccessful. Che-
moprophylaxis has never proven significant in reduc-
ing the likelihood of a patient developing an infection
in clinical situations where multiple organisms may
invade, as is the case in most GI surgical procedures,
pancreatitis, or the insertion of an in-dwelling blad-
der catheter. In fact, general prophylaxis has often
been detrimental by favoring colonization and infec-
tion by microbes resistant to the antibiotic given.
Since most compromised hosts, such as patients with
leukemia or lymphoma, develop infection from or-
ganisms on their skin or from their genitourinary
tract, and since it is impossible to sterilize the entire
patient, antibiotic prophylaxis has also been of no
value in these cases.

In view of these comments, it would be logical to
administer a cephalosporin antibiotic only in clinical
situations where one can predict the likely pathogen
with a high degree of certainty and the particular
pathogen is easily eradicated by this type of antibiot-
ic. The administration of a cephalosporin to prevent
infection following the insertion of artificial material
(e.g., prosthetic heart valves, Dacron or Teflon artifi-
cial grafts, and orthopedic hardware) follows this dic-
tum, since after the placement of these foreign bodies
about 90% of the infections develop from a single
group of organisms, namely staphylococci, either
coagulase negative (S. epidermidis) or coagulase pos-
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itive (S. aureus). As already mentioned, cephalospor-
in antibiotics are usually active against all types of
staphylococci whereas the isoxazole antibiotics, such
as oxacillin, are usually ineffective against 15-20% of
coagulase-negative staphylococci. Because of this sit-
uation, cephalosporins have emerged as the most ap-
propriate agents to use in the prevention of infections
on prosthetic material.

Some clinical situations represent “gray zones” in
prophylactic antibiotic usage because more than one
organism, but usually not more than five, may pro-
duce the infection. An open comminuted fracture
represents a situation where infection commonly oc-
curs from a relatively small number of microbes.
Traumatic wound infections above the waist are
often from skin bacteria, such as S. aureus or group
A Streptococcus, while those below the waist are usu-
ally caused not only by these common skin microbes
but also by E. coli and P. mirabilis (indole-negative
Proteus), probably derived from bacterial “fallout”
from the GI tract. As a result, oxacillin, which exhib-
its activity against these Gram-positive bacteria, and
cephalosporins, which are bactericidal toward both
these Gram-positive and Gram-negative organisms,
are the logical choices for prophylaxis against wound
infection above and below the waist, respectively.

Two major problems have developed with the use
of cephalosporins for prophylaxis. One is that they
are often administered too long, even in appropriate
situations, and the other is that they are often given
illogically in clinical problems such as bowel surgery
where they can be detrimental by the replacement of
susceptible organisms with resistant ones.

Various investigators have demonstrated clearly
that maximum protection from infection from a sur-
gical procedure occurs only if adequate tissue levels
are present at the time of the surgical procedure
(253) and that the continuation of antibiotics beyond
the operative period has no value. This situation was
nicely illustrated in a study where a single dose of
cephalothin administered immediately prior to the
insertion of prosthetic heart valves was as effective in
the prevention of infection as was the use of addi-
tional dosages after the operation (254).

The tendency of physicians to be reluctant to dis-
continue completely antibiotics by the intravenous
route after they no longer are necessary has been a
traditional problem with all antibiotics, particularly
with the use of cephalosporins for prophylaxis. For
instance, it is quite common for a surgeon to adminis-
ter a cephalosporin in a ritualistic sequence: first in-
travenously, then intramuscularly, and finally orally
for 1 to many weeks following an operative proce-
dure. In fact, one often wonders why the physician
does not go next to the intradermal or intraocular
route! Unfortunately, this gradual weaning process
has been a major reason for the increase in cost for
this class of antibiotics, because it not only increases
the amount of antibiotic administered but also en-
hances the chances of toxic drug reactions or suprain-
fection, resulting in greater morbidity and prolonged
hospital stay.

Therapy of Lung Infections Acquired in the Com-
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munity—If the sepsis appears to be from a pulmo-
nary infection produced by bacteria acquired from
outside the hospital, and especially if the patient has
a history of chronic lung or other debilitating disease,
a cephalosporin antibiotic seems to be the wisest
choice. The usual pathogens in this setting are K.
pneumoniae, Strep. pneumoniae, Hemophilus in-
fluenzae, S. aureus, and group A Streptococcus or-
ganisms and are almost always sensitive to this anti-
microbial agent if given in adequate dosage. There is
some hesitancy about relying on ampicillin or penicil-
lin alone, since most Klebsiella organisms and many
staphylococci are resistant to both penicillin and am-
picillin (about 80% of the S. aureus acquired outside
the hospital now produces penicillinase).

It usually is possible to use penicillin or ampicillin
as the sole antibiotic only in healthy patients with
mild respiratory infections, since the physician can
usually exclude the Staphylococcus or Klebsiella or-
ganism in such a clinical setting because these orga-
nisms almost always produce very serious disease.

Therapy of Lung Infections Acquired in Hospi-
tals—Pulmonary infection acquired in a hospital set-
ting is a difficult clinical problem because of the
rapid colonization of the upper respiratory tract by
common as well as bizarre bacteria. In a recent epide-
miological survey (255) (Table X), 10.7 and 15.3% of
the hospital-acquired pneumonias were produced by
Pseudomonas aeruginosa and K. pneumoniae, re-
spectively, followed in decreasing frequency by E.
coli (10.6%), Strep. pneumoniae (9.5%), Enterobac-
ter species (8.0%), and S. aureus (6.6%). Thus, in pa-
tients who develop hospital-acquired pneumonias, a
combination of a cephalosporin and gentamicin ap-
pears to make sense, since it affords a more clinically
proven coverage against S. aureus and Klebsiella
than may be obtained with gentamicin and ampicil-
lin. Moreover, the Bacteroides species usually in-
volved in hospital-acquired pneumonias come from
the upper respiratory tract where they are usually
sensitive to cephalosporins.

Although most strains of S. aureus are susceptible
to gentamicin in vitro, there is extremely little clini-
cal experience for the use of this antibiotic in pa-
tients with overwhelming staphylococcal disease.
Moreover, the enterococcus is rarely, if ever, involved

Table X—Major Organisms Associated with Suspected
Hospital-Acquired Pneumonia from
October 1970 to October 1973

Organism Number Percent
Klebsiella pneumoniae 138 15.3
Pseudomonas aeruginosa 97 10.7
Escherichia coli 96 10.6
Streptococcus pneumoniae 86 9.5
Enterobacter species 73 8.0
Staphylococcus aureus 60 6.6
Proteus species 45 4.9
Serratia species 17 1.9
Candida 17 1.9
Herellea 14 1.5
Citrobacter 3 0.3
Enterococcus 1 0.1
Other organisms 256 28.3
Total 903 100.0




in producing pneumonia; hence, the absence of cover-
age for this organism with the combination of a
cephalosporin and gentamicin is of no great concern.
For instance, in a review of hospital-acquired pneu-
monias at Hartford Hospital (255), from 1970 to 1973
there was only a single equivocal case of pulmonary
infection caused by the enterococcus (Table X).

Inappropriate Use of Cephalosporins by Par-
enteral Route—Treatment of Central Nervous Sys-
tem Infections—Although cephalothin is often an ef-
fective antibiotic in many types of infection, especial-
ly pulmonary infections, its poor penetration into the
cerebrospinal fluid is often not appreciated. In hu-
mans without meningitis, no detectable levels of this
antibiotic were achieved after the intravenous ad-
ministration of cephalothin, whereas even in patients
with meningitis, low levels of 0.16-0.31 ug/ml were
obtained (155). After the rapid intravenous infusion
of 2-4 g of cephalothin in 14 patients, either as a sin-
gle dose or at 4-6-hr intervals for several days and, in
one case, for 3 weeks, Lerner (256) found cerebrospi-
nal cephalothin levels of 0.155-25 ug/ml only in pa-
tients with cerebrospinal fluid protein content in ex-
cess of 50 mg/100 ml. When the protein concentra-
tion was less than 50 mg/100 ml, no measurable drug
activity could be found in the cerebrospinal fluid.

Brown et al. (257) treated 12 patients with menin-
gococcal meningitis with intravenous cephalothin at
a dosage of 100-200 mg/kg/day. Clinical results were
variable, and they concluded that this antibiotic
could not be recommended as an effective alternative
to penicillin or ampicillin. Mangi et al. (258) recently
summarized eight cases of meningitis that developed
during cephalothin therapy from organisms sensitive
to this antibiotic, indicating dramatically its poor
penetration into the cerebrospinal fluid.

Empirical Therapy of Infections from the Geni-
tourinary or GI Tract—Since infection derived from
the genitourinary and GI tracts are also usually from
Gram-negative organisms with a wide variety of anti-
microbial susceptibility patterns, the antibiotic “cov-
erage” must be very broad. Combination of ampicil-
lin and gentamicin meets this requirement better
than a cephalosporin with gentamicin. Gentamicin
sulfate is an aminoglycoside which has in vitro activi-
ty against practically all important Gram-negative
and Gram-positive bacteria including Ps. aeruginosa,
Serratia marcescens, and S. aureus. This antibiotic,
however, is usually not effective against Strep. pneu-
moniae, group D Streptococcus (enterococcus), and
anaerobes such as Bacteroides species. By adding
ampicillin, protection also is created against the
group D Streptococcus and Strep. pneumoniae, but
there is only moderate defense against Bacteroides.

There is usually no need for antibiotic coverage of
anaerobes, Strep. pneumoniae, group A Streptococ-
cus, and S. aureus in the urinary tract, since these
organisms are essentially of no clinical importance in
this area. Thus, since cephalosporins have little activ-
ity against group D Streptococcus, and since ampicil-
lin has a high degree of activity against this organismi,
the latter antibiotic seems to be the more appropriate
drug to combine with gentamicin, especially when the

Table XI—Organisms Isolated from Blood in Patients
with Bacteremia Definitely Related
to Urinary Tract Instrumentation

Number of Cephalosporin
Organism Cases Activitya

Escherichia coli
Enterococcus
Enterobacter species
Proteus mirabilis
Proteus vulgaris
Citrobacter freundii
Proteus morganii
Klebsiella species
Serratia marcescens
Pseudomonas aeruginosa

Total 27

2 B 00 00 v €O
Pr+ 1+ e

@+ = high degree of activity, * = moderate activity, and — = no acti-
vity.

suspected source of the bacteremia is from the uri-
nary tract, an area where the enterococcus commonly
resides.

Table XI records the organisms that were definite-
ly involved in bacteremia following urinary tract ma-
nipulation from 1970 to 1973 (255). Until these epi-
demiological data were shown to physicians, particu-
larly to urologists, it was customary to administer a
cephalosporin as a sole antibiotic in patients who
suddenly became septic following instrumentation of
the urinary tract. As can be seen from this table, over
half of the organisms were not covered by this antibi-
otic; a combination of gentamicin and ampicillin
would have provided appropriate protection against
all of these pathogens.

Table XII (255) shows the 10 most common orga-
nisms producing bacteremias on a general surgical
service during the same period. It is again apparent
that over half of the organisms would not have been
covered if a cephalosporin was used as the only anti-
biotic.

Additional Therapeutic and Economic Consid-
erations in Selection of Cephalosporins for Par-
enteral Administration—From an inspection of
Table XIII and Fig. 10, it is apparent that cephalo-
thin and cephapirin are very similar from a phar-
macokinetic standpoint. After the administration of
1 g of either antibiotic, results from sequential deter-
minations of blood levels are very similar. Moreover,

Table XII—*“Top Ten’’ Bacteremias in General
Surgery (1970—1973)

Number of Cephalosporin

Organism Isolates Activity4
Escherichia coli 23 +
Pseudomonas 12 —
Bacteroides 12 —
Klebsiella 11 +
Staphylococcus aureus 8 +
Enterococcus 7 —
Proteus indole + 6 —
Proteus indole — 5 +
Enterobacter 4 —
Serratia 3 —
Total 91

@ + = high degree of activity, + = modecrate activity, and — = no acti-

vity.
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Table XIII—Comparison of Pharmacokinetic Parameters of Cephalosporin Antibiotics

Cepha- Cephra- Cephalo- Cefa- Cepha- Cephalo- Cepha- Ceph- Cefoxi- Cepha-
Parameter lexina dine glycina zolin lothin ridine pirin acetrile tin none
Serum clearance, 248 + 11 435 — 62 + 6 472 167 — 230—240 — 56.3
ml/min
Renal clearance, 252+ 5 367 — 64+ 6 274 125 — 230—240 — 46.6
ml/min
Re(gz:il'ﬁx)cretion 80—100 79—96 18—25 100 52 75 41 60—100 90—100 92
r), %
Half-life, hr 0.9 0.8 1.5 1.8 0.6 0.6—1.5 0.7 1.3 0.67 2.8
Half-life after — — — 6.9— 3.3 3—5 1.8 — — —
hemodialysis, hr 9.3
Pell;centdprotein 6—10 8—20 24 73—86 65 8—31 44—50 23—36 — 86—88
oun
Peak serum levels 18 46 0.9—2.0 11-70 6—8 30 8 — 10.9 36.0
(0.5 g), ug/ml
Peak serum levels 32 86 - 38—75 15—20 40 15 17—22 22.5 81.2
(1.0 g), ug/ml
Vdg, liters 23 22 — 10 22 — 35 26 19 11
Vdext, liters 32 31 — 13 40 — 113 41 29 15

a Oral administration,

cephapirin shares essentially the same antibacterial
spectrum (208) as cephalothin with similar therapeu-
tic results from infections such as pneumoniae (259,
260), septicemia, empyema, osteomyelitis, soft tissue
infections, and urinary tract infections (148, 213, 261,
262). Adding even further to the similarities is the
conversion of both antibiotics to a desacetyl metabo-
lite, which results in appreciable loss of antibiotic ac-
tivity (263).

A double-blind study (264) comparing the phiebi-
tis produced by cephapirin and cephalothin showed
that neither the incidence nor the degree of phlebitis
was significantly different with the two drugs. Al-
though cephalothin and cephapirin are not generic

200

o =cephalothin
100 e =cegazolin
@ =cephapirin
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Figure 10—Comparison of serum levels after intravenous admin-
istration of a single 1-g dose of cefazolin versus 1 g of cephalothin
or cephapirin every 3 hr (rate constants for data generation re-
ported in Tables IV-VI).
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equivalents, there appears to be no reason why these
antibiotics cannot be considered equivalent, making
it acceptable and safe for a patient receiving 1 g of
cephalothin to be given 1 g of cephapirin in its place
or vice versa.

Cephaloridine has little justification for use in clin-
ical medicine any longer since it is the only parenter-
al cephalosporin associated with significant nephro-
toxicity (265-268) in humans and has no greater
therapeutic effectiveness than any of the other three
available cephalosporins for use by the parenteral
route. With the recent availability of cefazolin, the
logic for the continued usage of cephaloridine has
been reduced even further.

Of the cephalosporins presently available for ad-
ministration by the parenteral route, cefazolin is the
preferred agent on both a therapeutic and economic
basis. This impression is based on the following rea-
soning:

1. Cefazolin provides serum levels two to three
times as high as cephalothin or cephapirin (see phar-
macological and pharmacokinetic sections) (Table
XIII and Fig. 10).

2. Biliary tract excretion of cephalosporins in hu-
mans is highest with cefazolin (approximately 17, 7,
and 1 ug/ml for cefazolin, cephaloridine, and cephalo-
thin, respectively) (269).

3. Cefazolin can be given comfortably and safely
by either the intravenous or intramuscular route. In a
dosage greater than 0.5 g, cephalothin is poorly toler-
ated.

4. Unlike cephalothin or cephapirin, cefazolin is
not metabolized into a less active compound (see sec-
tions on pharmacology and pharmacokinetics).

5. Clinical studies demonstrated that cefazolin
has therapeutic effectiveness at least as adequate as
cephalothin and cephapirin (44).

6. Toxicology studies in animals and clinical ex-
perience with cefazolin in humans indicate that it is
as safe as cephapirin and cephalothin (110, 274).

7. Cefazolin has the longest half-life of all
cephalosporins (cephalothin, 0.6 hr; cephapirin, 0.7
hr; cephaloridine, 0.6-1.5 hr; and cefazolin, 1.8 hr).
As a result, it can be administered less frequently
(Table XIII).



8. Since cefazolin can be given less frequently
and in a smaller total daily dosage (approximately
half as frequently and/or half the number of grams),
appreciable reduction in pharmacy cost can be pre-
dicted.

9. The microbiological activity of cefazolin is es-
sentially similar to that of cephalothin and cephapir-
in except for its slightly greater activity against E.
coli and Enterobacter species (111, 270).

10. To increase the economic savings for both the
hospital and the patient, advantage should be taken
of cefazolin’s ability to be administered without ap-
preciable discomfort by the intramuscular route.
Such administration will reduce the cost of intrave-
nous administration and lessen the demands on the
intravenous therapist. The levels achieved by 1 g of
cefazolin by the intramuscular route are high; peak
levels in 1 hr are about 70 ug/ml, with appreciable
levels (8-10 ug/ml) still present at 8 hr. These levels
are certainly adequate since most Gram-positive bac-
teria such as S. epidermidis, S. aureus, the pneumo-
coccus, and group A Streptococcus require less than
2-3 ug/ml, and the average MIC of cefazolin for
Gram-negative bacteria such as E. coli, P. mirabilis,
Salmonella species, K. pneumoniae, H. influenzae,
and Shigella species are 1.6, 6.2, 4.0, 2.0, 4.0, and 8.0
ug/ml, respectively (104).

11. More frequent use of intramuscular medica-
tion will reduce the incidence of hospital deaths asso-
ciated with bacteremia from prolonged in-dwelling
intravenous polyethylene catheters.

12. Cefazolin is manufactured by two different
pharmaceutical companies, allowing for competitive
bidding.

In brief, cefazolin appears to combine the best fea-
tures of cephalothin, cephapirin, and cephaloridine.

Cephalosporins for Oral Administration—
Cephalexin, cephradine, and cephaloglycin are semi-
synthetic analogs of cephalosporin C that can be ad-
ministered by the oral route. Their antibacterial
spectrum in vitro is very similar to the parenteral ce-
phalosporins; as expected, the enterococci, indole-
positive Proteus, Enterobacter, Serratia, and Pseu-
domonas organisms are usually resistant. These oral
agents often have less activity against staphylococci
than any of the parenteral cephalosporins or the pen-
icillinase-resistant  penicillins. Cephalexin and
cephradine have become the favorite oral cephalo-
sporins since, in contrast to cephaloglycin which is
relatively poorly absorbed from the GI tract and pro-
duces effective concentrations only in the urine (271),
they are well absorbed and result in adequate antibi-
otic levels throughout most of the body (68, 79, 272).

Although cephalexin and cephradine have been
used successfully in many infections of the respira-
tory tract, soft tissue, and urinary tract (63, 273),
there is no evidence that their results are any better
in the treatment of these illnesses from organisms
that are sensitive to much cheaper oral drugs such as
penicillin, ampicillin, oxacillin, dicloxacillin, or eryth-
romycin. Their main use probably should be in the
followup management of patients who are initially
treated with parenteral cephalosporins or in the ini-

o =cephradine

10 9 ezcephalexin
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Figure 11—Serum concentration of cephradine and cephalexin
after 500 mg of each drug by the oral route (rate constants for
data generation reported in_ Tables Il and I11).

tial treatment of patients who have infections of the
urinary tract from organisms (usually Klebsiella) re-
sistant to other oral antibiotics or of patients with a
history of penicillin hypersensitivity.

Cephalexin and cephradine, although different
drugs, can also be considered similar in terms of
pharmacokinetics and therapeutic equivalence (66)
and can be interchanged in a fashion analogous to
cephalothin and cephapirin. Figure 11 depicts the al-
most identical serum levels of cephradine and cepha-
lexin following the administration of 500 mg of each
drug. Moreover, inasmuch as cephradine and cepha-
lexin are produced by different pharmaceutical com-
panies, competitive bidding should result in a signifi-
cant reduction in cost for the hospital and patient.

Conclusion—In brief, an explosion in the number
of commercially available cephalosporins has oc-
curred as the potential market for the sale of this
class of antimicrobial agents has grown appreciably.
To prevent excessively high hospital pharmacy cost
with the resultant increase in the cost of a patient’s
hospital stay, the present cephalosporins and each
new one that appears—which will be numerous—
must not be automatically looked upon as “unique”
antibiotics, even though they are not exact generic
equivalents. The important issue is whether they are .
equivalent from pharmacokinetic and therapeutic
standpoints, since the former determines the mode of
administration and the likelihood of an adverse drug
reaction, while the latter decides whether a patient
will survive an infectious disease process.
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