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ACTIVITIES OF ASPOXICILLIN AND
OTHER PENICILLINS IN SUBCUTANEOUS
INFLAMMATORY POUCHES OF RATS
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Biological Research Laboratory, Tanabe Seiyaku Co., Ltd.
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After a single intravenous injection, the exudate concentrations of ASPC, ABPC, PIPC
and SBPC in the inflammatory pouches of rats infected with S.aureus or E.coli were
compared with those in uninfected controls. When the drugs were administered 5 days
after infection with S.aureus, the penetration of these penicillins into exudate was

significantly retarded : the drugs reached slowly the lower peak concentrations and were
eliminated gradually from the exudate compared to the control group, giving larger Tmex
The same treatments 7 days post-infecti
d: were also observed

and Ty values and smaller Cpyy values.
resulted in further d: in the Similar
in the pouches infected with E.coli, however, the differences between each parameter of
the infected and uninfected pouches were less than those found in S.aureus infection.

To compare the antibacterial effect of ASPC and other penicillins in these experimental
models, the viable counts in the exudates after a single intravenous injection were deter-
mined and it was found that the effects of these penicillins were well correlated to their
AUC values. Of these penicillins, ASPC giving the highest exudate concentration and
the largest AUC value gave the strongest antibacterial effect on the both infections.
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INTRODUCTION

In order to achieve the high efficiency of an an-
tibacterial drug, the penetration of drug into in-
fected lesions at sufficiently high concentration is
required. Bacterial infection causes inflammation
in many cases, producing exudation at the inflam-
matory area, therefore, good distribution of drugs
in the exudate is also one of the important re-
quirements for above purpose. The effects of vari-
ous antibacterial drugs have been evaluated using
subcutaneous inflammatory pouches in rats as ex-

i dels!-23.45, A (ASPC),
which shows high serum and tissue concentrations

in various animals®, has been to have a character-
istics that its in vivo activity is much stronger than
that expected from its in vitro antibacterial activi-
ty®. Using infection models made by inoculating
S. aureus or E.coli to i

antibacterial effect of antibiotics were compared be-
tween ASPC and other penicillins.
MATERIALS AND METHODS

1. Test animals

Male Crj: CD(SD) rats aged 6 weeks and weigh-
ing 170-190 g were used as test animals.

2. Test drugs

The subject drug was aspoxicillin (ASPC, for
clinical trial, supplied by Tanabe Seiyaku Co., Ltd,
lot No.22001). The control drugs used were am-
picillin (ABPC, Meiji Seika, Ltd.), piperacillin
(PIPC, Toyama Chemical Co., Ltd.) and sulbenicil-
lin (SBPC, Takeda Chemical Industries, Ltd.).
Each drug was dissolved in sterilized distilled water
before use. Other reagents used were of the best
commercial grade.

3. Test organisms

h aureus TU-4 and Escherichia coli

pouches in rats, both exudate concentration and

KC-14, both of which proved to grow well in in-
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flammatory pouches, were used as test organi
¢ N

4 i of g
pouches and bacterial infection

In accordance with the method of SELYEY, 25 ml
sterilized air was injected subcutaneously to the
back of each rat;0.5ml olive oil containing 1%
croton oil (Nakarai Kagaku) was then injected.
After 2 days, each pouch was degassed. Five days
after air injection, S.aureus TU-4 was inoculated

at a concentration in a range from 2% 107 to 6x107
<ells/0.5 ml/pouch in suspension in a 4.2% mucin
solution, in accordance with the method of MURA-
E.coli KC-14 was inoculated at a
concentration in a range from 1x107 to 7.5x107
<ells/0. 5 ml/pouch in s
chloride solution.

5. Drug administration

measurement

pension in a 0.9% sodium
and  concentration

Drugs were administered to animals in a single
dose, either intramuscularly to the upper arm or
intravenously to the t Collected blood and exu-
date samples were centrifuged at 3,000 rpm for 10

minutes ; each resulting supernatant was then as-
sayed for antibiotics by the paper disk method!®.
‘The following media and assay organisms were used

627
for each drug.
Drug| Assay organism Medium
ASPC|E.coli ATCC 27166 |1. b}g Peptone (Difco;
+15% Agar (Eiken
PIPC |Same as above Same as above
ABPC| M. luteus ATCC 9841| Trypto-soy agar
(Etken)
SBPC| B. subtilis ATCC Same as above
6633

8. Pharmacodynamic snalysis of serum and exu-
date concentrations of drugs
Time-related changes in both serum and exudate
concentrations of drugs were pharmacodynamically
analyzed by using & one-compartment model meth-
od ; parameters were calculated using the non-lin-
ear least squares method.
7. Measurement of entibacterial activities on
infected bacteria
Minimal inhibitory concentrations (MICs) of
drugs were determined in accordence with the
Standard Method recommended by the Japan Socie-
ty of Chemotherapy'V.
8. Determination of viable cells in exudates of
infected pouches

Fig.1 Serum and exudate concentrations of ASPC after a single intramuscular
injection of 50 mg/kg in rats wnh inflammatory pouches infected with

S.aureus TU-4 and

pouches ou-

P
ches (5 days after forming) were infected with 210" cells of S. aureus
TU-4 suspended in 4.2% mucin. ASPC was administered intramuscularly

5 days after infection.
Infected (@),

. Serum
Tis  AUCo-

(hr)  Cug/mi-he)
Infected .. 8
3"% Uninfected :0.25  65.63

Concentration(ug/ml)

Uninfected (O).

ration ug/ml)

Exudate
18] Tiy  AUCo-y
(hr) (ug/mlhr)
16} Infected 1.9 .53
Uninfected © 1.31 1.47 5415
14
124
10)

Time (hr)

B

Time (hr)
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Each collected sample, after a suitable dilution
with a 0.9% sodium chloride solution, wes cultured
in Heart infusion agar medium (Eiken), then vi
able bacterial cells were counted. Three rats per
dose group were subjected to the counting. The
viable cell counts were expressed as the mean of
1ml of each exudate sample.

RESULTS
1. Serum and exudate concentrations of ASPC
in rats having a pouch infected with
S. aureus

S.aureus TU-4 (2x107cells/pouch) was inocu-
lated to each inflammatory pouch. Five days after
inoculation, 50 mg/kg of ASPC was sdministered to
each rat as intramuscular injection. The time-
related changes in both serum and exudate concen-
trations of ASPC were compared between infected
and uninfected rats. As shown in Fig.1, the se-
rum concentration of ASPC in the infected rats was
higher than that in the uninfected rats both 0.5 and
1 hour after drug administration ; the area under
the curve (AUCo.) value as well was slightly
larger in the former. However, the biological half-
life (Tys) of ASPC in the infected rats nearly
equaled to that in the uninfected rats. The peak
exudate concentration (Cmay) of ASPC in the in-
fected pouches, 2.75 ug/ml, was significantly lower
than that in the uninfected pouches (Cmex :12.02
pg/ml) ; the AUC value in the infected pouches
was decreased to approximately 1/4 of the latter.
The infected pouches required more time to reach
the peak concentration (Tmes) than did the unin-
fected pouches.

2. Exudate concentrations of ASPC, ABPC,

PIPC and SBPC in pouches infected with
8. aureus

Exudative drug concentrations in uninfected
pouches (controls) were first measured 10 days after
forming of inflammatory pouches. Table 1 shows
both the messured concentrations and the para-
meters calculated from the data. The T'uyy values
of ABPC and PIPC were both less than 0.5, smaller
than those of ASPC and SBPC. The AUC values.
of ASPC were found to exhibit the largest value
in the same doses of other penicillins ; therefore,
it was conjectured that it penetrates well into in-
flammatory pouches.

Five days after infection S.aureus TU-4
(2x107 cells/pouch), the penicillins were given in-
travenously at a dose of either 20 or 100 mgfkg.
Table 2 shows both the measured concentrations
and the parameters calculated from the data. As
to the parameters of penicillins, the Ty values
in the infected pouches (Table 2) were larger than
those of the uninfected ones (Table 1) with all
penicillins at the same doses. The Cmax values in
the infected pouches were much smaller than those
in the uninfected pouches with the penicillins ex-
cept PIPC at the same doses ; i.e. the Cmyr values.
of ASPC, ABPC and SBPC decreased to 20-30%
due to infection. The T'yy values in the infected
pouches were approximately 3-10 times larger
than those in the uninfected pouches. The AUC
values of PIPC (87-147%) were larger than those
with the other penicillins.

Influence of drug administration time after bac-
terial infection on the exudative drug concentra-
tions was examined at a dose of 100 mg/kg 2,5 and

Table 1 Exudate concentration of ASPC, ABPC, PIPC, and SBPC in the inflammatory pouches
of rats after a single intravenous injection

Drs Dose. Concentration (ug/ml) Tan [ Tin AUCe
(mg/ke) | 30min. 1hr. 2hr. 4bi. 6hr. () | Gafmd) | () | Cafolh)
aspc| 2| zazor] a2s07 | 28507 | 13204 | 1120 | 17 3.06 2.3 s
100 12.2£2.3 | 19.424.8 | 16.4+4.1 8.5%1.7 4.2£16 1.32 18.61 1.62 67.63
ABPC 20 2.7£0.2 1.7£0.6 1.4£0.3 0.5£0.2 0.2+0.0 <0.5 2.78 1.66 6.03
100 18.742.2 | 14.844.0 [ 10.6+3.1 4.2x0.7 1.6£0.5 <0.5 18.73 1.5 45.01
PIPC 20 0.940.3 0.8£0.2 0.5£0.0 0.2£0.0 0.1£0.0 <0.5 0.9 1.91 2.61
100 | 55407 | 4.820.6 | 3711 | 22406 | 17402 | <05 5.5 3.5 18.5
SBPC 20 <2 <2 <2 <2 <2 - - - -
100 13.5£5.7 | 14.3%4.0 9.2+1.5 3.7+1.5 2.3£0.4 0.73 14.40 1.588 4.0

Drugs were administered intravenously 10 days after forming of pouches.

* 1 Mean£SD obtained from six rats.
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Table 2 Exudate concentration of ASPC, ABPC, PIPC, and SBPC in the inflammatory pouches

infected with S. aurens TU-4 of rats after a single intravenous injection
Dose Concentration (ug/ml) Tan Can T AUCos

| o) Somin | 1he | 2hn | Abn | 6h | () | Gamd | () | (wnl)

20 <1 <1 <1 <1 <1 - - - -
AskC 100 3.8+0.8° | 4.4£0.7 | 5.4£3.83 | 4.9%0.0 | 3.8x0.7 1.85 5.37 8.30 2729

2 0.5£0.0 | 0.6+0.0 | 0.4%0.1 | 0.3+0.0 | 0.3%£0.0 |- 0.80 0.58 4.60 2.5
ABPC 100 4.0£0.2 | 5.6%1.5 | 5.6:1.2 | 4.01.4 | 3.6:0.7 1.4 5.70 5.31 27.08

20 K 0.8%0.0 | 0.7x0.1 0.6£0.0 | 0.6£0.0 | 0.4%0.1 <0.5 0.82 7.28 3.86
HFC 100 2.8+0.2 | 3.0%0.2 | 2.7£0.0 | 2.7£0.1 | 2.6x0.3 0.87 2.88 32.61 16.15

2 ‘<2 <2 <2 <2 <2 - - - -
SBrC 100 3.2£0.2 | 3.6:0.3 3.840.9 | 2.8£0.2 | 2.2:0.4 1.21 3.8 5.58 18.09

Inflammatory pouches (5 days after forming) were infected with 2X107 cells of S. aureus TU-4 suspended in 4.2%

mucin. Drugs

* i MeanSD obtained from three rats.

‘were administered intravenously 5 days after infection.

Table 3 Exudate concentration of ASPC, ABPC, PIPC, and SBPC in the inflammatory pouches
infected with S. aurews TU-4 of rats in relation to days after infection

‘At "

e Concentration (ug/mi) Tm Cou T | AUGHs
Drug | infection

(ay) | ®min | 1be | 2he | 4br | 6he () | Gag/md) | ()| Ge/mlhe)
W48 | 240556 | 20,0814 | W.2207 |108504 | 097 | 2B 3% | wal
ASPC| 5 | 35508 | 43:05 | 4307 | 38205 | 3.4:02 | 13 | nn | 2w
7 | 19205 | 20201 | 21201 | 2001 | 20200 | 13 209 | W% | 120
2 | 49814 | 70208 | 66511 | 46203 | — 14 7.5 36 | 0%
ABRC| 5 | 22501 | 27403 | 26202 | 24204 | 21%00 | 13 25 | ne | u®
7 2.3:0.4 2.9£0.0 2.8+0.1 2.4£0.1 2.410.4 1.34 2.87 u.32 15.23
2 | 36203 | 35805 | 3.080.0 | 28201 | 23203 | 0.8 3.67 66 | 119
PIRC 5 1.5%0.2 1.740.4 1.8+0.1 1.4%0.1 1.240.2 1.2 1.8 8.21 9.14
7 1.3£0.5 1.420.3 1.6£0.5 1.4£0.7 1.0£0.2 1.32 1.62 7.65 8.02
2 | 49817 | 55517 | 5.4506 | 4208 | 35203 | 108 5.6 675 | 216
SBRC| 5 | 26802 | 3.240.0 | 3.3£0.0 | 27800 | 25504 | 13 33 0.4 | 1689
7 | 21200 | 25800 | 20508 | 2502 | 26808 | 131 2 | % | 1506

Inflammatory pouches (5 days after forming) were infected with 2X107 cells of S. aureus TU-4 suspended in 4.2%
mucin. After infection, drugs (100 mg/kg) were administered intravenously at the days indicated in the table.

* I MeanSD obtained from three rats.
7 days after infection. Table 3 shows both the
measured concentrations and the parameters calcu-
lated from the data. No significant change in Tmux
values occurred with any penicillins, while Cpex
values changed greatly as days went by. For ex-
ample, after 7 days, the Cmax value of ASPC de-
creased to 8% of that observed after 2 days and
the Cpex values of the other penicillins decreased
to 82-48%. After 7 days, the Ty values of
ASPC, ABPC and SBPC increased to 28.4, 4.5 and

as days went by. The AUC values showed great
changes as days went by ; after 5 days the AUC
values in all penicillins significantly decreased as
compared to that observed 2 days after infection.
The difference between the figures observed after
5 days and 7 days, however, was small.

3. Exudate concentrations of ASPC, ABPC,
PIPC and SBPC in pouches infected with
E.coli

Five days after infection with E. coli KC-14 (1x

5.4 times those observed after 2 days,
while that of PIPC showed no significant change

107 ), the
venously at a dose of either 20 or 100 mg/kg.

were given intra.
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Table 4 Exudate concentration of ASPC, ABPC, PIPC, and SBPC in the Inflammatory pouches
infected with E. coli KC-14 of rats after a single intravenous injection
g | 2% Concentration (ug/ml) Tans Cane T | AUCes
(mg/ka) | 30 min. 1hr 2 hr. 4 hr, 6 hr. (hr) (ug/ml) (he) | (ug/miche)
asc| D | 11#05°) 15505 | 15£06 | 10s02 [ 0.0402 | 1% 1.5 5.7 7.20
100 | 8.920.2 [12120.4 | 101222 | 7.0£1.0 | 58221 [ 1.2 n.y 3.5 87
2 | 1520.2 [ 1.620.0 | 1.620.0 | 0.90.0 | 0.4201 [ 11 1.7 2.2 6n
ABFC| o0 | 102808 |13.7%21 | 73221 | 53206 | 30220 | o8 1.9 2.16 41.04
prc | B | 04200 | 04200 | 04200 | 03200 | 0.220.0 | 0.9 0.49 4.50 217
100 | 47413 | 44212 | 5.220.9 | 3.420.8 | 2.603 | 097 5.03 5.31 2.0
src| 2 <2 <2 <2 <2 <2 - - - -
100 | 53417 | 6.041.4 | 61%15 | 4.940.8 | 2.820.6 | 126 6.6 4.00 2.3

Inflammatory pouches (5 days after forming) were infected with 1X10” cells of E. coli KC-14 suspended in 0.9%
sodium chloride. Drugs were administered intravenously 5 days after infection.

* ! Mean+SD obtained from three rats.

Table 4 shows both the measured concentrations
and the parameters calculated from the data.
Nearly equal Tye values were observed. In all
penicillins except ABPC, the Ty, values in the
infected pouches were larger than those observed
in the uninfected pouches (Table 1) at the same
doses. This suggests that penetration of these peni-
cillins into a pouch may be retarded by infection
with E.coli. In all penicillins, the Cpyy values in
the infected pouches were smaller than those ob-
served in the uninfected pouches at the same doses,
while the Ty values were 1.3-2.5 times larger.
The AUC values of ASPC and SBPC were smaller
(60-70%) than those observed in the uninfected
pouches at the same doses, while the AUC values
of ABPC and PIPC were 83-124% of those observed
in the uninfected pouches.
4. Antibacterial effects of ASPC, ABPC, PIPC
and SBPC in pouches infected with S. aureus
S.aureus TU-4 (6x107cells/pouch) was inocu-
lated to inflammatory pouches. After 24 hours,
the penicillins were given intravenously at a dose
of either 20 or 100 mg/kg. Fig.2 (A) shows the
time-related changes of the viable cell counts in
the exudate. MICs of the penicillins against the
infected bacteria were also shown for references in
the Figs.
The viable cell counts in the groups receiving no
With ASPC, the
viable cell counts increased 1 hour after administra-

drug increased as time elapsed.

tion at all doses but decreased after 2 hours.
That is, ASPC was found to have a dose-depend-
ent antibacterial effect. With ABPC, the viable

cell counts increased 1 hour after administration
and decressed after 2 hours. However, the de-
crease rate at the 100 mg/kg dose of ABPC was
smaller than that at the 20 mg/kg dose ;
is called the paradoxical phenomenon was observed

, what

in the relationship between antibacterial effect and
dose. PIPC exerted a bacteriostatic effect till 6
hours after administration at all doses. After 24
hours, the viable cell counts increased at the 20
mgfkg dose, but decreased to approximately 1/10
at the 100mg/kg dose. SBPC, at the 20 mg/kg
dose, had only a bacteriostatic effect till 24 hours
after administration. At 100 mg/kg, it had a bac-
teriostatic effect till 6 hours after administration,
with viable cell count decreased slightly after 24

hours.

Fig.2 (B) shows the time-related changes in the
exudative drug concentrations in the pouches used
also for viable cell counting. Of the tested peni-
cillin drugs, ASPC was the highest in peak con-
centrations, i.e. the peak ASPC concentrations
(Cmas) were 3.72 and 18.57 ug/ml at doses of 20
and 100 mg/kg, respectively. ASPC was the larg-
est also in AUCy_q values : 15.29 and 79.29 pg/ml-
hr at doses of 20 and 100mg/kg, respectively.

5. Antibacterial effect of ASPC, ABPC, PIPC

and SBPC in pouches infected with E.coli

E.coli KC-14 (7.5%107 cells/pouch) was inocu-
lated to inflammatory pouches. After 24 hours,
Fig. 3 shows the time-

the penicillins were given.
related changes of the viable cell counts in the
exudate. MICs of the penicillins against infected

bacteria were also included.
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Fig.3 Antibacterial effects of ASPC, ABPC,
infected with E. coli KC-14 of rats after

PIPC and SBPC in inflammatory pouches
ingle intravenous injection. Inflammatory

pouches (5 days after forming) were infected with 7.5x107 cells of E.coli KC-14
suspended in 0.9% sodium chloride. Drugs were administered intravenously 24 hours

after infection.

Control (WD, 100mg/kg (@), 20 mg/kg (O).
ASPC ABPC PIPC SBPC
8L (MIC:078ug/ml) B (MIC:1S6ug/m) 8  (MIC:0.78ug/mi) 8F  (MIC:3.13ua/m)
£
& o
5 F 6] 6
LR o 9 » h
2
£ 5| N 9 5|
4 \ 4] 4 , N 4 X
12 6 ‘LZLI 12 6 12 6 £ 1z 6 U
Time(hr) Time(hr) Time(hr) ‘Time(hr)
At 20mg/kg, ASPC had a bacteriostatic effect  decreased to 20-30% and 40-60% of those in the

till 2 hours after administration ; the viable cell
counts decreased after 6 hours. At 100 mg/kg,
ASPC began to have a bactericidal effect 1 hour
after administration. Viable cell count decreased
to approximately 1/100 after 24 hours ; i.e. ASPC
had a strong antibacterial effect. At 20 mg/kg,
ABPC had a nearly bacteriostatic effect till 6 hours
after administration ; viable cell count decreased
e. ABPC had a strong antibacte-
rial effect, similar to that of ASPC. PIPC had a
weak bactericidal effect at 100 mg/kg, but had no
effect other than a bacteriostatic effect at 20 mg/kg.
SBPC had only a bacteriostatic effect at all doses.
DISCUSSION
To examine the ther:peuuc effects of penicillins

uninfected pouches, respectively at the same
doses ; it is conjectured that the penetration of
these drugs into exudate is inhibited by infection
with S.aureus. On the other hand, the Cpex and
AUC values of PIPC showed very small changes
This is possibly
because : a) the concentration of PIPC in the unin-
fected system is so low as compared to the other

after infection with S.aureus.

penicillins that the effect of infection is also weak
to be observed and b) the mechanism of the pene-
tration into exudate in inflammatory pouches differs
between PIPC penicillins. In the
pouches infected with E.coli all penicillins showed
tendencies similar to those in the pouches infected
with S.aureus. However, the degrees of these

and other

under an ad in pouch the
exudative drug concentrations achieved by intra-
venous administration of ASPC, ABPC, PIPC and
SBPC 5 days after bacterial infection were com-
pared. The Toyx and Tyg values of these penicil-
lins, as observed in pouches infected with S. aureus
were both larger than those in the uninfected
pouches (controls), suggesting that both penetra-
tion of these drugs from blood into exudate and
elimination from exudate may be retarded by infec-
tion with S. aureus. In all penicillins except PIPC,
the Cmax and AUC values in the infected pouches

were smaller than those in the pouches
infected with S.aureus, reflecting the difference in
inflammatory pouch infection conditions between:
the two bacterial species.

The authors next tried to evaluate the lnllhlb
terial effect of each penicillin under an advanced-
infection conditions in pouch ; however, the viable
cell counts in exudate increased to more than 10%
cells/ml in both of S.aureus and E.coli 2 and 5
days after bacterial inoculation ; no penicillin had
any antibacterial effect. The evaluation was thus
conducted by administration 24 hours after inocu-
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lation. Although ASPC (MIC : 1.56 ug/ml) was
weaker than ABPC (MIC : 039 ug/ml) in vitro an-
tibacterial activity against S.aurews TU-4, its an-
tibacterial effect in the infected pouches was
stronger than that of ABPC. Tomes (0.70-1.06) of
ASPC differed little from that of ABPC (Tms:
0.71-1.08). However, ASPC exceeded ABPC in
Cuux value, biological half-life (Tyy) and AUC
value at all doses, suggesting its excellent antibac-
terial effect. As for PIPC, it had only a bacterio-
static effect at a dose of 20 mg/kg, at which dose
ASPC also had a bactericidal effect, despite the fact
that PIPC had an in vitro antibacterial activity
(MIC : 0.39 pg/ml) stronger than that of ASPC:
it has been conjectured that this is due to the fact
that the AUC value of PIPC is much smaller than
that of ASPC. Because the exudate concentrations
of these penicillins were less affected by E. coli than
by S.aureus, it can be inferred that these drugs
rank, in the order of AUC value in E.coli infected
pouches, which were used for viable cell counting,
as follows :
ASPC=ABPC>PIPC=SBPC

This suggests that in the pouches infected with
E.coli there may be a relationship between AUC
value and antibacterial effect similar to that ob-
served in pouches infected with S.aureus.

It is proven that binding ability with serum pro-
tein is related to penetration of penicillins into in-
flammatory pouches and the penetration rate of
penicillins of having low binding rates is affected
by the blood drug concentration®. ASPC is char-
acterized by a low binding rate with serum pro-
tein ; the bond is both weak and reversible®. In
addition, when it is given intravenously to rats (at
20 and 100 mg/kg doses), its AUC value in serum
is approximately 2 times that of PIPC®. Based
on these lines of evidence, it can be con]e:tured
that ASPC has favorable for

e
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