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In gonorrhea therapy, cephalosporins are conventionally administered by intramuscular (i.m.) injection,
which rather frequently leads to local side effects. To investigate whether the well-tolerated intravenous (i.v.)
injection of cephalosporins may be of comparable gonocidal effect, levels of cefodizime, a new broad-spectrum
cephalosporin, in serum and tissue fluid (suction blister and cantharides blister fluid) were determined in six
healthy men. Single doses of 1 g of cefodizime were injected i.v. and i.m. according to a randomized crossover
design. On i.m. injection the drug was completely bioavailable, and the peak concentration in serum was 75 =
8 pg/ml. The terminal half-life of serum levels was 2.4 h. Cefodizime concentrations in the blister fluids
increased for 1.5 to 3 h after the i.v. dose and for at least 3 h on i.m. administration. The concentrations of
non-protein-bound cefodizime in blister fluid already exceeded the MIC for 90% of Neisseria gonorrhoeae
strains 10 min after i.v. injection and 20 to 30 min after the i.m. dose. At 6 h after each dose, active
concentrations were still present in serum. The results suggest that cefodizime administered i.v. and i.m. has
equivalent high cure rates in uncomplicated gonorrhea. This hypothesis should be tested further by a controlled

cliriical trial. If equivalent, i.v. administration excels because it is better tolerated locally.

Broad-spectrum cephalosporins proved to be effective
drugs in the treatment of uncomplicated gonorrhea (6, 12,
16, 17). In gonorrhea, cephalosporins are administered intra-
muscularly (i.m.) instead of intravenously (i.v.) as they are
in most other infections. However, i.m. injection of B-lactam
antibiotics often leads to pain at the injection site (4, 10, 18,
28). Thus, local anesthetics have to be added to the injection
solution to increase tolerability (6, 11, 12, 18). Moreover,
i.m. injection of antibiotics may result in muscle necrosis
and abscess formation (2). Since i.v. injection of cephalo-
sporins has only a low incidence of local side effects and
since systemic side effects do not seem to be increased (18),
the question arises whether i.v. injection should be preferred
in gonorrhea therapy, too.

In advance of an extended clinical study comparing these
dosage regimens, it seems rational to determine the pharma-
cokinetics after single i.v. and i.m. doses in humans and to
evaluate the in vitro activity of the obtained concentrations.
Because in uncomplicated gonorrhea bacteria are not lo-
cated in the blood but in other tissues, pharmacokinetic
evaluations should include levels in tissue fluids.

This paper presents the pharmacokinetics of cefodizime, a
recently developed broad-spectrum cephalosporin highly
active against Neisseria gonorrhoeae in vitro (14) and in vivo
(26) with a rather long half-life in human serum (22). Levels
in tissue fluid were measured by both the suction blister fluid
(SBF) technique (9, 22) and the cantharides blister fluid
(CBF) method (21, 24) for 3 h after drug administration.
Recent in vitro experiments showed essentially complete
killing of N. gonorrhoeae within 2 to 4 h (13). SBF proved to
be equivalent to interstitial fluid (27), and it should represent
uninflamed tissue fluid. CBF should mimic inflamed tissue
fluid (1). Therefore, the blister fluids should be closer to the
biophase of antibiotics than serum.
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MATERIALS AND METHODS

Subject study. Six male subjects, between the ages of 24
and 31 years and weighing 62.5 to 78.5 kg, who had no
hepatic, hematological, or renal disease and no history of
allergy to B-lactam antibiotics participated in the study. The
study protocol was approved by the local ethics committee,
and written informed consent was obtained from each sub-
ject. The subjects restrained from using other drugs and
alcohol on the days preceding the injections as well as on the
days of experiments.

Two single doses of 1 g of cefodizime were injected i.v.
(over a period of 3 min) or i.m. to the volunteers according
to a randomized crossover design. For i.m. injection the
drug was dissolved in a solution containing 1% lidocaine.
There were 4 to 7 days between two consecutive doses. At
10:00 p.m. on the days before drug administration, the
subjects fixed seven cantharides plasters on their abdomens
as described recently (23). The next morning suction blister-
ing was performed first. Using six suction cups with 30 holes
(diameter, 8 mm), a negative pressure of —250 mm Hg was
raised slowly and maintained for 2.5 h (for details, see
references 22 and 23). After blistering was complete, the
suction cups were removed and cefodizime was injected.
SBF and CBF were collected 10, 20, 30, 45, 90, and 180 min
postinjection. If possible, additional CBF was harvested at 6
h. SBF was obtained by pooling the fluid of five blisters.
Blood samples were obtained from the cubital vein by
individual puncture (on i.v. administration of the other arm)
before the injections, as well as §, 10, 15, 20, 30, and 45 min
and 1, 1.5, 2, 3, 4.5, and 6 h thereafter. Blood was allowed to
clot, and serum was separated by centrifugation.

In addition, the six volunteers plus two more healthy men
received on a separate occasion 1 g of cefodizime i.v. Using
two suction cups, 10 blisters were raised before drug admin-
istration and also starting immediately after drug injection.
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TABLE 1. Pharmacokinetic data of cefodizime derived from levels in serum after 1-g i.v. and i.m. doses to six healthy volunteers

i.v. dose i.m. dose
Subject 1% CL hn AUCo.. Crnax Trnax i AUC, . % CL
(liters) (ml/min) (h) (g - h/ml) (pg/ml) (h)“ (h) (g - /ml) (liters) (ml/min)
1 9.8 44.2 2.6 378 104.1 0.25 2.2 391 7.9 42.7
2 10.9 53.7 2.4 311 81.9 1.0 2.5 383 9.4 43.6
3 11.4 46.9 2.8 356 59.7 1.5 3.7 375 14.3 44.5
4 13.3 63.9 2.4 262 59.4 1.5 2.4 305 11.2 54.8
b 8.6 45.5 2.2 367 89.1 1.0 2.5 434 8.4 38.5
6 10.3 54.1 2.2 309 57.1 0.75 6.1 329 26.6 50.8
X 10.7 51.4 2.4 330 75.2 1.0 3.2 369 13.0 45.8
SEM 0.6 3.0 0.1 18 8.0 0.2 0.6 19 29 2.4

2 Cmax, Maximum concentration in serum; Tp,.x, time to maximum concentration in serum.

At 2.5 h after the injection, all blisters were punctured, and
the fluid of the blisters raised simultaneously was pooled.
Blood samples were collected before the injection and 2.5 h
after. Usually, serum and skin blister fluid were stored at
—18°C until analyzed.

Determination of cefodizime concentrations and protein
binding in CBF. Levels of cefodizime in serum and skin
blister fluid were determined by a bioassay. Streptococcus
pyogenes A77 was used as the indicator organism (sample
volume, 0.1 ml [22]). Samples collected before cefodizime
administration were free of antibacterial activity. The
method was linear in the range of 1 to 400 mg/liter (serum
and urine) and 0.2 to 20 mg/liter (blister fluid). The correla-
tion coefficient was 7.5%. Recent studies comparing the
bioassay and a high-pressure liquid chromatographic proce-
dure showed a good correspondence of the results. No
metabolites of cefodizime could be detected by high-pres-
sure liquid chromatography.

Solutions for the calibration graphs were made with serum
or diluted serum according to the concentration of albumin
in SBF and CBF. Cefodizime binding in CBF was calculated
from serum protein binding as described previously (15).
Serum protein binding was determined by equilibrium dial-
ysis (81%), binding to SBF by ultrafiltration (72%), and
calculation (75%) (22).
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FIG. 1. Cefodizime concentrations in serum (@), SBF (A), and
CBF (#) after a single i.v. or i.m. administration of 1 g. Mean values
(= standard error of the mean [bars]) in six healthy volunteers.

Pharmacokinetic and statistical evaluations. Maximum
cefodizime concentrations in serum (i.m. dose) and skin
blister fluid and times to peak concentrations were obtained
from the measured data. The elimination rate constant (k)
was calculated from the terminal log-linear decline of con-
centrations in serum. Terminal half-life (¢,,5) is In 2/k;. The
areas under the serum and blister fluid level-time curves
(AUC,_3) were calculated by the trapezoidal rule. From the
levels in serum, AUCgy_.. was estimated by the trapezoidal
rule up to 6 h and extrapolated to infinity. The serum
clearance (CL) was determined by D/AUCg.., and the
volume of distribution (V) was determined by CL/k,.
Bioavailability (percent) of cefodizime injected i.m. was
calculated by [AUCy . (i.m.) X 100JJAUC¢_ (i.v.).

All data are arithmetic mean values + standard error of the
mean. Statistical evaluations were performed by Student’s ¢
test for tied pairs. Significance was determined at P < 0.05.

RESULTS

Levels in serum. Cefodizime concentrations in serum after
the i.v. dose declined biexponentially from 177 = 10 pg/ml (5
min) to 14.7 = 1.2 pg/ml at 6 h (Fig. 1.). At 6 h, concentra-
tions of unbound cefodizime in serum were 2.8 ng/ml. The
ti was 2.4 h. The AUCy . was 330 pg - h/ml. The CL and V
were 51.4 ml/min and 10.7 liters, respectively (Table 1). On
i.m. administration, maximum concentrations in serum were
obtained at 1 h in the mean and amounted to 75 * 8 pg/ml.
The t#;, was 2.7 h. At 1.5 h and thereafter, concentrations in
serum after the i.m. dose exceeded those after the i.v.
injection. At 6 h, concentrations of total and non-protein-
bound cefodizime amounted to 22.8 + 1.6 and 4.3 pg/ml,
respectively. The AUC, .. of cefodizime administered i.m.
was 369 ug - h/ml; thus, bioavailability was complete. The
tin, CL, and V after the i.m. injection were close to those
after the i.v. dose (Table 1).

Levels in skin blister fluid. Total cefodizime concentration
in SBF was 3.1 *+ 0.4 pg/ml 10 min after i.v. administration.
Peak concentrations were observed at 1.5 to 3 h (Fig. 1). At
3 h, levels in SBF amounted to 8.0 * 0.6 ug/ml; CBF
concentrations were 17.0 = 0.3 pg/ml. However, 10 min
after the i.m. injection cefodizime could not be detected in
SBF in five of six subjects, and in CBF cefodizime was not
detected at all. At 20 min, drug concentrations in either
blister fluid were still below the detection limit in two
volunteers. Maximum concentrations were obtained at 3 h.
At that time, concentrations in SBF amounted to 8.9 + 2.0
pg/ml, and concentrations in CBF were 16.3 + 1.7 pg/ml. In
the first 45 min, cefodizime concentrations in SBF after the
i.v. dose significantly exceeded those after i.m. injection.
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Concentrations in CBF were significantly lower for 1.5 h after
the i.m. dose than they were after the i.v. dose. For SBF,
AUC,_; was 9.6 and 7.3% of the respective serum value after
i.v. and i.m. administration of cefodizime. For CBF, the
corresponding values were 18.5 and 10.7%, respectively.

Cefodizime binding in CBF is 78.6%. After i.v. injection,
concentrations of unbound cefodizime in SBF and CBF were
3.1 = 0.5 and 3.6 = 0.9 pg/ml, respectively, at 3 h. They
were significantly lower than the respective concentration in
serum (6.3 * 1.1 pg/ml). The same held true on i.m.
administration. The concentration of unbound drug in serum
was 8.9 = 1.5 pg/ml, and in SBF and CBF it was 3.4 = 1.7
and 2.6 £ 1.2 pg/ml, respectively. Therefore at 3 h postinjec-
tion, distribution equilibrium between serum and skin blister
fluid was not obtained.

Cefodizime concentrations in SBF of blisters raised before
and after i.v. injection were 12.1 + 1.9 and 20.9 + 1.9 ug/ml,
respectively (P < 0.001), corresponding to 31 and 54%,
respectively, of the concentration in serum at 2.5 h.

DISCUSSION

Since infectious diseases were first treated by chemother-
apy, it has repeatedly been debated whether sustained low
drug concentrations or high peak concentrations which
rapidly decline are superior in eradicating infective organ-
isms (5). The former ones are obtained by continuous drug
infusion or i.m. injection; the latter ones are obtained by an
i.v. bolus injection. The question was up for discussion in
gonorrhea therapy, too (7, 8, 19, 25). Traditionally, i.m.
application of B-lactam antibiotics is suggested for gonorrhea
therapy, although until now there was no definite proof that
i.m. administration was superior to i.v. injection. To obtain
a rational basis for the selection of the mode of administra-
tion, first the effect of the serum concentration profile on the
time course of drug levels at the tissue site of infection
(biophase) has to be evaluated. The time courses of antibi-
otic concentrations in tissue fluid in general differ from the
corresponding serum level profiles (3). Next, the influence of
the drug concentration profile at the biophase on the speed of
killing of bacteria has to be determined. In vitro experiments
with N. gonorrhoeae exposed to continuously changing
concentrations of two cephalosporins showed essentially
complete Kkilling of bacteria within 2 to 4 h depending on the
simulated time course (13). Therefore, the present study
focused on the influence of the mode of administration on
cefodizime concentrations in tissue fluid within the first 3 h
after i.v. and i.m. injection.

Pharmacokinetic parameters of cefodizime derived from
levels in serum after the i.v. dose were well in accordance
with those determined recently. A minor difference was
observed in V (10.7 versus 15.6 liters [22]), possibly resulting
from the lower body weight of the volunteers of this study.

The ratio AUCy_; (blister fluid)/AUC, 3 (serum) showed
that cefodizime penetration is not poorer after the i.v. dose
as compared with that after the i.m. injection during the most
relevant period of time in gonorrhea therapy. Peak concen-
trations in the blister fluids were obtained no earlier than 1.5
h after i.v. injection and not before 3 h after the i.m. dose. In
addition, at 3 h the concentrations of non-protein-bound
cefodizime in serum exceeded those in blister fluid by about
twofold. Thus, distribution equilibrium between drug con-
centrations in serum and blister fluid was not obtained during
the entire period of investigation. This holds true for either
blister fluid and for both injection regimens.

The concentrations of unbound cefodizime in SBF and
CBF were already well above the MICqy (MIC for 90% of

ANTIMICROB. AGENTS CHEMOTHER.

strains tested) for N. gonorrhoeae (0.21 pg/ml [14]) at 10 min
after the i.v. injection and at 20 to 30 min after i.m.
administration. At 3 h, the concentrations of unbound drug
in both blister fluids exceeded the MICy at least 12-fold.

Recent investigations showed SBF concentrations effec-
tive against N. gonorrhoeae to be present 3 to 9 h after a
single 1-g i.v. dose. In that study, blisters were raised after
cefodizime injection (22). Since suction blisters require at
least 2 h for development (9), blistering had to be performed
before the injection of cefodizime in the present investiga-
tion. To compare the results of both studies, we also had to
evaluate the influence of the blistering time (before and after
cefodizime administration) on drug concentrations in SBF.
At 2.5 h after an i.v. dose, cefodizime levels in SBF of
blisters raised after drug administration were 1.7-fold greater
than those in the fluid of blisters developed before dosing,
and at 3 h the levels were still 1.4-fold higher (12.5 versus 8.9
pg/ml [22]). On the other hand, levels of the lipophilic drug
8-methoxypsoralen in SBF were already independent of the
blistering time at 2 h (20). The dependence of cefodizime
concentrations in SBF on the time of blistering should result
from the rather slow tissue penetration of the hydrophilic
drug. A distribution equilibrium between blister fluid and the
surrounding tissue fluid thus is obtained later than with
lipophilic drugs. Therefore, SBF levels in the present and the
previous investigation have to be compared with caution.

In conclusion, the more rapid increase of cefodizime
concentrations in skin blister fluid after the i.v. dose suggest
this route of administration to be (at least) equally as
effective as i.m. administration. In vitro experiments based
on the drug level data described here are in accordance (H. C.
Korting et al., submitted for publication). Owing to the better
tolerability of cephalosporins injected i.v., it seems rational to
evaluate this mode of administration of cefodizime and possi-
bly other cephalosporins in uncomplicated gonorrhea.
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