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We studied serum and pleural fluid concentrations in 14 patients after intravenous infu-
sion of 2g of LMOX or FMOX. Eight patients received LMOX and six FMOX.

The pharmacokinetic parameters of both drugs in serum were : (1) a peak concentra-
tion of 104 + 31 pug/ml (LMOX) and 76 + 16 ug/ml (FMOX) at the end of infusion ; (2)
an elimination half-life of 2.5+ 0.5h (LMOX) and 1.3+ 0.1h (FMOX) ; (3) an area
under the concentration curve of 332 + 94 #g-h~'ml (LMOX) and 157 + 30 ug-h™! ml
(FMOX).

On the other hand, both drugs when given intravenously penetrated slowly into pleural

These data suggest that FMOX was cleared more rapidly from serum.

fluid after initiation of drug infusion, and the pleural fluid concentration reached a peak
of 31 + 20 ug/ml at 4h for LMOX and 21 * 14 ug/ml at 2 h for FMOX. The elimination
half-lives in pleural fluid for LMOX and FMOX were 7.4 +1.2h and 5.4 + 1.4 h.

In addition, the multiple-dose administration given in twice daily infusions of either
oxacephem did not increase serum or pleural fluid concentrations.

These data suggest that both oxacephems penetrated into pleural fluid at a high rate of
27.5%, and that their elimination half-lives were 3-4 times longer in pleural fluid than
in serum. We believe that the pharmacokinetics of both drugs may be of great advantage
for the treatment of pleural space infections.
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INTRODUCTION

There are two different types of oxacephem an-
tibiotic. We have studied the pharmacokinetics
of latamoxef (LMOX) in pleural fluid after single-
dose administration in an earlier study?.

In the present study, we determined the penetra-
tion into pleural fluid of a newer oxacephem, flomo-
xef (FMOX), given by single and multiple injec-
tions, and made a pharmacokinetic comparison
of both oxacephems.

MATERIALS AND METHODS

The study group consisted of 14 patients (12 men
and 2 women ; 38-83 y.o., body weight 47-77 kg)
with pleural effusion (Table 1). All subjects were
tested from May 1983 to August 1987 at Saga
Medical School. Twelve patients (No's.2-5, 7-10,
12, 14) had cytologically proven carcinomatous

Blood concentration,

Pleural fluid concentration,

and four (1, 6, 11, 13) suffer-
ed from tubercular pleural effusion which was

pleural effusion,

either confirmed by pleura biopsy(1,13) or suspect-
ed from response to antitubercular drugs (6, 11).

Each subject had 300-2,300 ml of pleural fluid
containing 3.2-6.8 g of protein per dl at the time
of testing. Eight patients had hemorrhagic pleural
All subjects
had normal liver and kidney functions during the
Each patient had a thoracic catheter
size 10-12 F) implanted before
the study, the exposed end of which was always

fluid, and six yellowish clear effusion.

study.
(trocar catheter,
clamped except during sampling. Just before drug
administration, 20-500 ml of pleural fluid and 10
ml of venous blood were obtained as control sam-
ples.

In the single-dose administration study, 2g of
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Table 1. Patients studied for penetration of LMOX or FMOX

into pleural fluid

Patient Body ) Pleural fluid
Age | Sex . Disease

No. weight volume (ml) |protein (g/dl)
1 45 M 65 tuberculosis 650 4.8
2 83 F 47 1,100 6.8
3 69 M 50 lung 900 3.2
4 48 M 48 cancer 1,800 4.8
5 69 M 56 1,400 4.9
6 83 M 47 tuberculosis 460 4.5
7 55 F 50 820 5.3
8 3B | M 77 lung 370 4.2
9 68 | M 52 cancer 530 3.4
10 68 M 50 1,400 3.3
11 82 M 47 tuberculosis 470 5.3
12 59 M 58 lung cancer 920 5.4
13 78 M 51 tuberculosis 300 4.4
14 57 M 49 lung cancer 1,200 4.7

Six patients (No’s. 1~6) received 2g of LMOX by single injection and three patients
(No's. 6~8) received LMOX five times twice daily. Six patients (No’s. 9~14) received
2g of FMOX by single and multiple injections.

LMOX (1-6) or FMOX (9-14) were infused intra-
venously over a 1-hour period. Venous blood (5-
10 ml) and pleural fluid (10-20 m|) were obtained at
1, 2, 4, 6, 12 and 24h after initiation of drug
administration.

For the multiple-dose administration study, a
total of five injections of LMOX (6-8) or FMOX
(9-14) were administered. The subjects received
an infusion twice a day, at the end of which venous
blood was obtained, and pleural effusion was
sampled at 2, 4 and 6 h after each injection.

Pleural fluid was drained off completely after the
last sampling for estimation of total fluid volume.
All samples were centrifuged, and serum and pleu-
ral fluid supernatants were stored at below —20°C
until assayed. The concentrations of both oxa-
cephems in serum and pleural fluid were deter-
mined by bioassay with the agar diffusion method.
Serum samples were diluted with standard human
serum, and pleural fluid was diluted with 20 M
phosphate buffer (pH7.0). Escherichia coli 3437
was used as the test organism.

The elimination half-lives of both drugs were
calculated from the time of peak concentration to
6h in serum and to 12h in pleural fluid after
initiation of drug infusion. The area under the
serum concentration curve was calculated by the

trapezoidal rule? and the penetration rate as the

ratio of pleural fluid peak concentration to serum
peak concentration of the drugs.
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Six patients (No's.1~ 6) received 2g of LMOX
by intravenous infusion over one hour. Each point
represents the mean concentration, and vertical
bars indicate standard deviation (SD) of the means.

Fig. 1. Serum (solid line) and pleural fluid (bro-
ken line) concentrations of LMOX after
single-dose administration
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Table 2. Pharmacokinetic parameters of LMOX given by 2g infusion
over one hour in patients with pleural fluid
Patient Penetration rate (%.) Elimination half-life (h) |Area under the
No. (peak of pleural fluid — serum concn.
/peak of serum) serum | pleural fluid |curve (ug+h-'ml)
1 (10/107) 9.3, 2.3 8.1 303
2 (13/104) 12.5 2.6 6.7 375
3 (9/43) 20.9 2.4 6.8 167
4 (35/118) 29.7 3.0 9.1 322
5 (34/122) 27.9 1.7 8.0 395
6 (59/128) 46.1 2.9 5.7 434
7 (26/88) 29.5 NT NT NT
8 (36/82) 43.9 NT NT NT
mean+SD 27.5%13.2 2.5%£0.5 7.4x1.2 332194
Elimination half-life was calculated from the time of peak concentration to 6 h
(serum) or 12h (pleural fluid) after initiation of drug administration.
The area under the serum concentration curve (AUC) was calculated by the
trapezoidal rule.
NT : not tested, SD : standard deviation.
RESULTS 100
Single-dose administration (
(1) LMOX:Six patients (No’s.1-6) received /TE
intravenous infusion of 2g LMOX. Serum and é‘ .
pleural fluid concentrations after a single injection g J
are shown in Fig.1. The serum concentration of z ol
LMOX was 104 + 3lpg/ml (mean + SD) at the 3
end of infusion, 56 + 16 ug/ml at 2h, and 17 + i;
6 pg/ml at 6h. Elimination half-life, area under %
the serum concentration curve and penetration rate S ’l"—I‘ “‘I~.,_~
of LMOX are presented in Table 2. The elimina- © I,"l % ------------
tion half-life of LMOX in serum was 2.5+ 0.5h 2 3 5 N o

(mean + SD), when calculated from the time of
peak concentration to 6h, and the area under the
curve, calculated by the

332 + 94 pg-h™' ml (mean

serum concentration
trapezoidal rule,
+ SD).

On the other hand, the pleural fluid concentra-
tion of LMOX increased to 12 + 7 ug/ml at the
end of infusion and reached a peak of 31 + 20
pg/ml at 4h.  The elimination half-life of LMOX
was 7.4 + 1.2 h in pleural fluid, and the penetration
rate of LMOX ranged from 9.4% to 46.1% (mean
27.5%).

(2) FMOX:2g of FMOX was given intrave-
nously to 6 patients (9-14).
fluid concentrations of FMOX after a single injec-
tion are shown in Fig.2. The serum concentra-
tions of FMOX were 76 + 16 pg/ml at the end of
infusion, 31 + 5pg/ml, and 3 = 1 pug/ml at 6h.

was

Serum and pleural

After initiation of drug infusion (h)

Six patients (No's.9 ~14) received 2g of FMOX
by intravenous infusion over one hour. Each point

represents the mean concentration, and vertcal
bars indicate standard deviation (SD) of the means.

Fig.2. Serum (solid line) and pleural fluid (bro-
ken line) concentrations of FMOX after
single-dose administration

The serum peak concentration of FMOX was
significantly lower than that of LMOX given under
the same management (p<0.05). Elimination half-
life, area under the serum concentration curve and
penetration rate of FMOX are presented in Table 3.
The serum elimination half-life of 1.3 + 0.1h
was significantly shorter than 2.5 + 0.5h for
LMOX (p<0.01), and the area under the serum
concentration curve of 157 + 30 pug-h™! ml was

also significantly smaller than 332 + 94 yg-h™! ml
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Table 3. Pharmacokinetic parameters of FMOX given by 2g infusion
over one hour in patients with pleural fluid

Pati Penetration rate (%) | Elimination half-life (h) | Area under the
atient A
No. (peak of pleural fluid —1 serum concn.
/peak of serum) serum | pleural fluid | curve(ug-h-'mi)

9 (4/78) 5.1 1.2 5.4 148

10 (21/81) 25.9 1.2 5.5 164

11 (27/81) 33.3 1.2 3.0 180

12 (44/96) 45.8 1.3 4.6 188

13 (18/68) 26.5 1.4 7.0 158

14 (13/46) 28.3 1.5 6.7 104
Mean+SD 27.5+13.2 1.3+0.1 5.4%t1.4 157130

Elimination half-life was calculated from the time of peak concentration to 6h
(serum) or 12h (pleural fluid) after initiation of drug administration.
The area under the serum concentration curve (AUC) was calculated by the

trapezoidal rule.
SD ! standard deviation.

Table 4. Serum and pleural fluid peak concentrations of LMOX and FMOX
afte_r multiple-dose administration

. Peak concentrations of LMOX Peak concentrations of FMOX
Infusion serum (n=3) [pleural fluid (n=3)| serum (n=6) |pleural fluid (n=6)
1st 99+25 42+16 76+16 21+14
2 nd 139+43 49+22 82+21 17+9
3rd 132+27 46+19 78+23 18+7
4 th 105+18 41+17 78+40 19+6
5 th 104+11 43+13 77+27 14+8

Either drug (2g) was given five times in twice daily infusions.
Three patients (No's. 6~8) received LMOX and six patients (No’s. 9~14) received FMOX.

for LMOX (p<0.01). FMOX injected intravenous-
ly penetrated into pleural fluid more quickly than
did LMOX. The pleural fluid concentration of
FMOX increased to 17 =+ 11 yg/ml at the end of
infusion, and reached a peak of 21 + 14 pg/ml at
2h. This peak level in pleural fluid was Jower
than 31 + 20 gg/ml for LMOX (NS).
the penetration rate of FMOX ranged from 5.1%-
45.8% (mean 27.5%). This mean was the same as
that for LMOX. The elimination half-life of
FMOX was 5.4 + 1.4h in pleural fluid. This
half-life was significantly shorter than 7.4 + 1.2h
for LMOX (p<0.05).

Multiple-dose administration

LMOX and FMOX were given five times in twice
daily infusions to 3 patients (6-8) and to 6 patients

However,

(8-14), respectively. The peak serum and pleural
fluid concentrations after each injection are shown

in Table 4. The peak serum level of LMOX

ranged from 99 + 25 ug/ml to 139 + 42 ug/ml, and
the highest concentration in pleural fluid ranged
from 41 + 17 pg/ml to 49 + 22 yg/ml at 4h. On
the other hand, the peak serum and pleural fluid
concentrations ranged from 76 + 16 pgg/ml to 82
+ 20 ug/ml and from 14 + 8 ug/ml to 21 + 14 pg/
ml, respectively. Maultiple injections of either
oxacephem did not increase concentrations in se-
rum and pleural fluid.
DISCUSSION

In numerous clinical studies, it has been demon-
strated that LMOX and FMOX are very useful for
the treatment of lung and pleural space infec-
tions®+% . In particular, these drugs are often used
as first choice antibiotics for empyema because of
their excellent antibiotic effect on anaerobic bacte-
thought it important to
determine the pharmacokinetics in pleural fluid of

ria®"®, We therefore

both oxacephems, and in the present study, we
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investigated their distribution in pleural fluid when
infused intravenously by single or multiple injec-
tions.

In the single-dose study, 2g infusion of LMOX
or FMOX produced the serum concentration curves
shown in Fig’s.1 and 2. The peak concentration
of each oxacephem was 104 + 31 ug/ml and 76 *
16 ug/ml, respectively. Both peak levels were
lower than those of other newer cephems : cefopera-
zone 209 ug/ml, ceftizoxime 124 p#g/ml, and cefmen-
oxime 107 ug/ml, under the same management of 2
g infusion over 1h:%1, Comparing both oxa-
cephems, the peak concentration of LMOX was
significantly higher than that of FMOX (p<O0. 05).
The area under the serum concentration curve and
the elimination half-life in serum of LMOX were
about two times greater than those of FMOX (p<
0.01). These data suggest that FMOX is cleared
more rapidly from serum. Probably this rapid
clearance of FMOX from serum can be attributed
to the pharmacological characteristics of the drug,
especially its lower protein binding capacity (30%)
as compared to that of LMOX (53%)112),

The concentration curves of LMOX and FMOX
in pleural fluid (Fig’s.1 and 2) suggest that FMOX
penetrated into pleural fluid more quickly, but that
its peak level was lower than that of LMOX.
The peak levels of both oxacephems in pleural
fluid correlated with their peak serum concentra-
tions, area under the serum concentration curves
and elimination half-lives in serum. There was
no significant difference in patients’ condition (age,
body weight, disease, fluid volume, fluid protein)
in each group. Consequently, the pharmacological
characteristics of both oxacephems, especially their
protein binding capacities, may be one of the most
important factors limiting their penetration into
pleural fluid.

There have been several studies dealing with
penetration rates of cephems into pleural fluid.
TAKAMOTO et al.!® reported penetration rates for
cefazolin (6.9%) and ceftizoxime (15.8%), and
we determined the penetration rate of cefoperazone
(8.2%) in a previous study?. The penetration
rates of both oxacephems (27.5%) are considerably
higher than those of other cephems. The high
penetration rates of both oxacephems may be of
great advantage for the treatment of pleural space
infections.

GERDING et al.!¥ have also reported that multiple
injections of cephems significantly increased their
peak concentrations in ascites. In this study,
however, twice daily infusions of either oxacephem
did not increase its peak concentration levels in
serum and pleural fluid.

Our data suggest that LMOX and FMOX, given
intravenously, penetrated into pleural fluid suffi-
ciently to exceed reported MICs for most suscepti-
ble organisms, and that the elimination half-lives
of both oxacephems were three to four times
These
pharmacokinetics in pleural fluid of LMOX and
FMOX may be of great advantage in fighting

longer in pleural fluid than in serum.

infection in the pleural space.

The data reported in this article were presented
at the 34th Western Divisional Congress of the
Japanese Society of Chemotherapy.
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Oxacephem #|o fi 7k P EHHE
WHEEE-ME R-FRAEN
EXEBE WoDHEF BHEHR
EEEHKFERNB*
LMOX » FMOX @ 2 g SiEsirbs0EF I KBITEY 14 BOBETHEH L 1o AEAORBMPBE

LMOX 104 + 31 ug/ml ¢ FMOX 76 £ 16 ug/ml T b, m = ¥ ¥ #Hx LMOX 2.5+0.5h ¢ FMOX
1.3+0.1h TH-7%o ¥, AUC (area under the serum concentration curve) (¥ LMOX 332 + 94 ug-
h™'ml & FMOX 157 £ 30 wg-h™'ml TH 7o —F, MARNBRE L, SEEHAEKCHEACERL, LMOX (2
4h TEREfE 31 £20 ug/ml, FMOX (3 2h TR&fE 21 £ 14 pg/ml %R, Fi, BOKAERBIEL
Fh 7.4x1.2h k 5.4+1.4h ThHoto 7ok, HEFOMP I L UHgKD pharmacokinetic parameters
BHRKAREREXRVT, WTFhBEDETH 1o T, 1 H2EDHHFEREX 9 RICTL -0, M
LHIKRBECEEDOE LRSI ot SEOE L, LMOX L FMOX 7 &\ -BakBTER (27.5%) %
AL, L2 KRERPROFIIIEBLLRVCIEETRTIDTH 1o MEAMIFAENEINY T, &
D X5 HERENRE,LL L, MEARROERCED THFILERLELLIh S,

* ERMRERT KFHE=EE



