ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Sept. 1997, p. 1933-1936

0066-4804/97/$04.00+0
Copyright © 1997, American Society for Microbiology

Vol. 41, No. 9

Efficacy of Trovafloxacin for Treatment of Experimental
Bacteroides Infection in Young and Senescent Mice

HARAGOPAL THADEPALLL"*** SEE KEAN CHUAH,' UMAPATHI REDDY,' NANCY HANNA,'
REGINALD CLARK,' ROBERT J. POLZER,* anp SASTRY GOLLAPUDI'?

Division of Geriatrics and Gerontology, Charles R. Drew University of Medicine and Science, Los Angeles,
California 90059"; School of Medicine, University of California, Los Angeles, California 90024%;
Division of Basic and Clinical Immunology, University of California, Irvine, California 92697°;

and Drug Metabolism Department, Pfizer Inc., Groton, Connecticut 06340*

Received 3 September 1996/Returned for modification 3 January 1997/Accepted 22 June 1997

We investigated the efficacy of trovafloxacin, a new quinolone, in comparison with that of clindamycin in the
treatment of intra-abdominal abscesses caused by Bacteroides fragilis in young and senescent mice. The
development of abscess formation, the number of viable organisms, and antibiotic concentrations were mea-
sured, and the values for young and old mice were compared. Trovafloxacin was well distributed to the tissues
in both young and old animals. Although the pharmacokinetics and concentrations of trovafloxacin in serum
were similar between young and old mice, the levels in tissue were higher in senescent mice than in young mice.
Trovafloxacin therapy sterilized abscesses in 94% of young mice and in 73% of old mice, but this difference was
not significant. This therapeutic response to trovafloxacin was similar to that seen with clindamycin. These
results suggest that aging may not have any adverse effect on the therapeutic outcome for intra-abdominal

abscesses caused by B. fragilis.

Infections are common in elderly people. Age-associated
alterations in host immune cell functions may play a role in the
occurrence of infections even with less virulent bacteria (8-10,
12). Aging is also associated with alterations in drug absorp-
tion, distribution, and elimination and with increased suscep-
tibility to antibiotic toxicities (5, 7, 13, 14, 23). It is therefore
important to evaluate the efficacies of antibiotics not only in
young subjects but also in old subjects.

Intra-abdominal abscesses in elderly people causes high
rates of mortality: The mortality rate in patients with sub-
phrenic abscess is about 10% during the second decade of life,
whereas it is about 60% during the seventh decade of life (1).
Bacteroides fragilis, an anaerobic gram-negative bacillus, is a
key pathogen in abdominal abscesses. Clindamycin is known to
be effective in cases of abdominal abscess caused by B. fragilis
and other anaerobes (19). In recent years, a variety of quino-
lones have emerged as effective antimicrobial agents against
infections caused by B. fragilis and other anaerobes (2, 4, 20).
Trovafloxacin, a new trifluoroquinolone undergoing clinical
trials, has been shown to be effective against B. fragilis in vitro
(4). In this study, we investigated abscess formation and com-
pared the therapeutic efficacy of trovafloxacin to that of clin-
damycin in senescent and young mice.

(This study was presented at the 7th International Congress
of Infectious Diseases, Hong Kong, June 1996.)

MATERIALS AND METHODS

Animals. Young (age, 2 to 3 months) and old (age, 19 to 22 months) male
Swiss Webster mice were obtained from the National Institute of Aging, Be-
thesda, Md. All older animals were housed in separate cages. The animals were
kept under conventional conditions.

Inoculum. The B. fragilis isolate used in this experiment was obtained from a
patient with an intra-abdominal abscess and was identified by methods described
by the Virginia Polytechnic Institute (11). The organism was passaged through
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the peritoneal cavities of mice three times to ensure its virulence, as evidenced
by consistent production of an intra-abdominal abscess. The inoculum was pre-
pared as described before (6). Briefly, the intra-abdominal abscesses in mice
were induced by intraperitoneal injections of 0.1 ml of inoculum containing 107
CFU of B. fragilis with 50% autoclaved mouse fecal contents along with 10%
barium sulfate.

Antibiotic therapy. A set of young mice and a set of senescent mice were
assigned to three treatment groups. Therapy was initiated 24 h after intraperi-
toneal injection of the inoculum. The mice were treated with either clindamycin
(commerically available) or alatrovafloxacin (CP-116,517-27), a prodrug of trova-
floxacin (Pfizer Inc., Groton, Conn.). Trovafloxacin and clindamycin were given
intraperitoneally three times a day at 4-h intervals. The dosages of clindamycin
and trovafloxacin were 75 and 40 mg/kg of body weight/dose, respectively.
Mice that were infected but not treated with any antibiotics were used as
controls.

Quantitative analysis. Antibiotic therapy was given for 10 days. Two days after
the discontinuation of antibiotics, all mice were sacrificed by cervical dislocation.
At autopsy, abscesses were removed aseptically and weighed. The abscesses were
homogenized with 1 ml of saline in ground glass homogenizers. Tenfold serial
dilutions of the homogenate were made in saline, and 0.1 ml of each dilution was
spread onto anaerobic brucella blood agar plates. This was done in triplicate. The
plates were incubated anaerobically for 72 h at 37°C, and the numbers of CFU
were counted at the end of the incubation. The animal was considered cured
if the pus was sterile or there was no intraperitoneal abscess. The results were
analyzed for statistical significance by the Z test for differences in propor-
tions.

Trovafloxacin levels. Trovafloxacin levels in serum, pus, and tissue were de-
termined for a set of 12 infected young mice and 10 infected old mice after 10
days of therapy. This was done to determine the concentration of trovafloxacin
in infected animals after the administration of multiple doses of the antibiotic.
On the 11th day, 1 h after administration of the first dose of antibiotic, a group
of three old animals and three young animals were killed and blood samples were
drawn for determination of serum antibiotic levels. Pus and tissue samples from
the lung, liver, spleen, and small intestines were obtained. Intestinal debris was
removed prior to determination of antibiotic levels in this tissue. Antibiotic levels
were also determined 4, 24, and 48 h after administration of the first dose. All
serum, pus, and tissue specimens were kept in dry ice and were mailed to Pfizer
Central Research, Groton, Conn., for drug concentration determination. The
assay for trovafloxacin was conducted by reverse-phase high-performance liquid
chromatography as described by Girard et al. (4).

MIC. The MIC for the B. fragilis strain used in this study was determined by
the broth microdilution method. Plates were incubated anaerobically at 37°C.
The test isolate of B. fragilis used in this study was susceptible to both clinda-
mycin (MIC, 1.5 pg/ml) and trovafloxacin (MIC, 0.24 wg/ml). The B. fragilis
strain used for comparison, strain ATCC 25258, was also susceptible to clinda-
mycin (MIC, 2.9 pg/ml) and trovafloxacin (MIC, 0.24 pg/ml).
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TABLE 1. Efficacy of antibiotic therapy in young and old mice
with B. fragilis-associated intra-abdominal infection
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TABLE 2. Pharmacokinetics of trovafloxacin in mouse serum and
tissue following injection of 40 mg/kg intraperitoneally”

No. of mice with positive

Treatment (?n g;:) abstcsiscsees(/;a)tig;. of B. fr ‘Eélg%l/rrfgc; lum
Trovafloxacin 2-3 1/16 (94)° 1.0 x 10°
19-22 4/15 (73)* 3.1 x 10*
Clindamycin 2-3 1/15 (93)® 1.0 X 10°
19-22 2/16 (88)b 8.5 X 10°
Control 2-3 15/15 (0) 2.6 X 10°
19-22 13/16 (19) 42 X 10°

“The cure rate for trovafloxacin-treated young mice was not significantly
different from that for older mice (0.94 versus 0.73, respectively; Z = 1.1).

® The difference in the cure rate for clindamycin-treated young mice and older
mice (0.93 versus 0.88, respectively; Z = 0.2) was not statistically significant.

RESULTS

Therapeutic efficacies of antibiotics. The results describing
the therapeutic efficacies of the antibiotics are presented in
Table 1. All 15 young mice used as infected controls (not
treated with antibiotics) developed multiple abscesses, and B.
fragilis was recovered from the abscesses. In contrast, 13 of 16
senescent mice developed multiple abscesses. At autopsy it was
observed that the abscess size in senescent mice was consider-
ably larger than that in the young mice. On clindamycin ther-
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FIG. 1. Trovafloxacin levels in tissues of young (a) and old (b) mice. m, liver;
@, lung; UJ, spleen; H, intestine.

Tissue/serum

Mouse group Crax (pg/ml) Tmax  AUC (pg - h/ml) ratio
and tissue or (pg/g)® (h)° or (pg - h/g)
max  AUCY
Young
Liver 458 1.0 162.8 9.0 13.9
Lung 13.6 1.0 90.7 2.7 7.8
Spleen 26.5 1.0 192.6 52 165
Intestines 10.8 1.0 68.1 2.1 5.8
Abscess 27.1 1.0 204.6 53 17.5
Serum 5.1 1.0 11.7 1.0 1.0
Old
Liver 73.3 1.0 214.3 12.6 17.3
Lung 48.8 1.0 176.4 8.4 14.2
Spleen 96.6 1.0 580.6 16.7  46.8
Intestines 13.4 1.0 51.7 23 4.2
Abscess 25.0 1.0 143.1 43 11.5
Serum 5.8 1.0 12.4 1.0 1.0

“ Pharmacokinetic parameters were determined at 1, 4, 24, and 48 h after
administration of the last dose. All mice received a dose of 40 mg/kg.

® Mean measured C,

€ Traxs time to Cy ...

4 AUC from time zero to the last time point at which serum or tissue was
obtained.

max*

apy, all but 1 of the 15 young mice were cured (93%), and
among the old mice, 14 of 16 (88%) were cured. Trovafloxacin
therapy cured 94% of the young mice and 73% of the old mice.
This difference in cure rate with trovafloxacin between young
and old mice was not statistically significant. There was no
statistically significant difference between the cure rate for
mice treated with clindamycin and that for mice treated with
trovafloxacin. However, in mice treated with trovafloxacin
there was a substantial reduction in the number of organisms
recovered from the abscesses (Table 1).

Trovafloxacin concentrations in serum and tissues. Follow-
ing intraperitoneal injection of alatrovafloxacin (40 mg/kg/dose
for 10 days) into the mice, trovafloxacin was well distributed in
the liver, lung, spleen, intestines, and abscesses in both young
and old animals (Fig. 1a and b and Table 2). The concentration
and pharmacokinetics of trovafloxacin in serum were similar
between both young and old mice (Fig. 2a and b and Table 2).
In young mice, the mean serum trovafloxacin level at 1 h after
injection was 5.1 * 2.4 pg/ml, and it fell to 1.0 = 0.2 pg/ml at
4 h. Trovafloxacin levels in serum were undetectable at 24 and
48 h. In old mice, the mean level was 5.8 = 1.1 pg/ml at 1 h,
which fell to 0.5 = 0.5 pg/ml at 4 h. No drug was detectable at
24 and 48 h.

The mean antibiotic concentration in the abscesses of the
young mice at 1 h was 27.1 = 31.4 ng/mg, and it fell to a mean
of 4.9 £ 2.5 pg/mg after 4 h. This was comparable to that in old
mice at 1 h: 25 pg/mg, falling to 5.4 pg/mg. The measured
exposure of the abscess to trovafloxacin, as assessed by the
mean maximum concentration of drug (C,,,,) measured in
serum, was similar between young and old animals. However,
exposure of the abscess to trovafloxacin as assessed by the
mean area under the concentration-time curve (AUC), was
greater in younger animals due to a prolonged higher trova-
floxacin concentration at this site at the later time points (24
and 48 h) in the younger animals. For all remaining tissues
(lung, liver, and spleen), the mean trovafloxacin concentrations
in tissue and the mean measured C,,,, and mean AUC were
greater in older mice than in younger mice.
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FIG. 2. Trovafloxacin levels in serum and abscesses of young (a) and old (b)
mice. m, serum; %, abscesses.

Clindamycin levels were not studied. In our earlier study we
showed that subcutaneous administration of clindamycin (75
mg/kg/dose) resulted in levels in serum and pus of 5 and 2
wg/ml, respectively (6).

DISCUSSION

All intra-abdominal infections including intra-abdominal ab-
scesses among elderly people carries a high mortality rate; pre-
sumably, it is due to atypical presentation of clinical features,
delayed diagnosis, and delay in the initiation of treatment. It is
known that in cases of intra-abdominal sepsis Escherichia coli
and B. fragilis together play a key role in pathogenesis; E. coli
is responsible for acute peritonitis and the sepsis that is asso-
ciated with mortality, whereas B. fragilis is responsible for the
formation of abscesses (21). The observation that the rate of
mortality associated with B. fragilis abscesses in mice was low is
consistent with the facts given above.

In our earlier studies with rats, trovafloxacin (CP99,219) was
found to be effective against intra-abdominal abscesses caused
by mixed infections with of E. coli and B. fragilis. In that study,
we did not examine the efficacy of trovafloxacin in the elimi-
nation of infection in aged animals (20). The senescent mice
used in this study are comparable to elderly human males ages
60 to 70 years. Such an age determination is arbitrarily based
on expected mortality at a given age, i.e., 20% or less of the
male Swiss Webster mice survive to 19 to 22 months of age,
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and about 1% or less live up to 32 to 36 months (2a, 9a).
However, it should be mentioned that there is an immense
diversity in the biology of aging in the animal kingdom, and
therefore, one should exercise caution in extrapolating age-
related findings for one species to another species.

Clindamycin is frequently used for the treatment of intra-
abdominal abscesses due to B. fragilis (19). This antibiotic is
expected to cure 88 to 93% of treated animals (2). Some qui-
nolones like ciprofloxacin, ofloxacin, temafloxacin, PD117596,
and PD127391 are known to be effective against B. fragilis in-
fection (4, 11). Trovafloxacin, a new quinolone now undergo-
ing clinical trials, has been found to be effective against B.
fragilis in vitro (16). This study shows that trovafloxacin, like
clindamycin, is effective against B. fragilis infection in both
young and senescent mice. This would suggest that aging has
no adverse effect on the efficacy of trovafloxacin in the treat-
ment of B. fragilis infection.

The efficacy of trovafloxacin may be related to its distribu-
tion in serum and tissue. We showed that the levels and phar-
macokinetics of trovafloxacin in the sera of young and old mice
were similar. Our findings are in agreement with those pre-
sented in a recent report by Teng et al. (17). Those investiga-
tors showed that trovafloxacin pharmacokinetics are similar
between young and aged subjects. In the senescent mice, trova-
floxacin levels in the pus were five times higher than those in
the serum. These levels were several magnitudes higher than
the trovafloxacin MIC for B. fragilis. In addition, the spleens of
the senescent mice had three to four times the levels of trova-
floxacin found in the spleens of young mice. Quinolones in
general are known to concentrate in the tissues, especially
in the reticuloendothelial system (22). Trovafloxacin levels are
higher in the tissues of the older animals, possibly due to the
lipophilicity of quinolones. It is known that the level of body
fat increases with age (15), and lipophilic antibiotics such as
clindamycin, tetracyclines, and chloramphenicol are shown to
achieve higher concentrations in tissues among the elderly (18).

In summary, our results demonstrate that trovafloxacin is as
effective as clindamycin in treating B. fragilis-associated intra-
abdominal abscesses in young and senescent mice.

ACKNOWLEDGMENTS

We thank DeWitt Hazzard, National Institute of Aging, for supply-
ing senescent mice at concessional costs. We thank Adeleh Esfandiari,
the director of the vivarium, and A. Green in particular, for taking
good care of the fragile aging mice.

Statistical support was provided by Perry Brown, RCMI/Epidemiol-
ogy and Statistic Research Group, through award NCRR/NIHI 612
RRO03026. This work was supported by an educational grant to the
Division of Geriatrics from Pfizer Pharmaceutical, New York, N.Y.

REFERENCES

1. Ahrenholz, D. H., and R. L. Simmons. 1988. Peritonitis and other intra-
abdominal infections. In R. J. Howard and R. L. Simmons (ed.), Surgical
infection diseases, 2nd ed. Appleton & Lange, San Mateo, Calif.

2. Brook, I. 1993. In vivo efficacies of quinolones and clindamycin for treatment
of infections with Bacteroides fragilis and/or Escherichia coli in mice: corre-
lation with in vitro susceptibilities. Antimicrob. Agents Chemother. 37:997—
1000.

2a.Finch, C. (School of Gerontology, University of Southern California). Per-
sonal communication.

3. Gardner, 1. D., and J. S. Remington. 1977. Age related decline in the
resistance of mice to infections with intracellular pathogens. Infect. Immun.
16:593-598.

4. Girard, A. E., D. Girard, T. D. Gootz, J. A. Faiella, and C. R. Cimochowski.
1995. In vivo efficacy of trovafloxacin CP-99,219, a new quinolone with
extended activities against gram-positive pathogens, Streptococcus pneu-
moniae, and Bacteroides fragilis. Antimicrob. Agents Chemother. 39:2210-
2216.

5. Gleckman, R. A. 1995. Antibiotic concerns in the elderly. A clinician’s per-
spective. Infect. Dis. Clin. N. Am. 9:575-590.



1936

6.

9.

THADEPALLI ET AL.

Gollapudi, S. V. S., A. Gupta, H. Thadepalli, and A. Perez. 1988. Use of
lymphokines in treatment of experimental intraabdominal abscess caused by
Bacteroides fragilis. Infect. Immun. 56:2369-2372.

. Lewis, D. A., and D. S. Reeves. 1994. Antibiotics at the extreme of age:

choices and constraints. J. Antimicrob. Chemother. 34(Suppl. A):11-18.

. Louria, D. B., P. Sen, and M. Buse. 1982. Age dependent differences in

outcome of infections with special reference to experiments in mice. J. Am.
Geriat. Soc. 30:769-773.

Menon, M., B. N. Jaroslow, and R. Koestener. 1974. The decline of cell-
mediated immunity in aging mice. J. Gerontol. 29:499-505.

9a.Miller, R. (Wayne State University). Personal communication.

10.

11.

12.

13.

14.

15.

Owens, B. J., and H. F. Hamit. 1978. Appendicitis in the elderly. Ann. Surg.
187:392-396.

Perumal, V. K., and H. Thadepalli. 1991. Evaluation of new quinolones,
temafloxacin, PD117596 and PD127391 on experimental Bacteroides fragilis
infection. J. Chemother. 4(Suppl.):205-206.

Phair, J. P., C. A. Kauffman, and A. Bjornson. 1978. Investigation of host
defense mechanisms in the aged as determinants of nosocomial colonization
and pneumonia. J. Reticuloendothel. Soc. 23:397-405.

Rattan, S. I, and A. Derventzi. 1991. Altered cellular responsiveness during
ageing. Bioessays 13:601-606.

Schaefer, H. G., and J. Michaelis. 1994. Biopharmaceutical aspects of anti-
infective therapy at the extremes of age. J. Antimicrob. Chemother. 34
(Suppl. A):33-42.

Shimakata, H., J. D. Tobin, and D. C. Muller. 1989. Studies in the distribu-
tion of body fat. I. Effects of age, sex and obesity. J. Gerontol. 44:M66-M73.

16.

17.

18.

19.

20.

21.

22.

23.

ANTIMICROB. AGENTS CHEMOTHER.

Spangler, S. K., M. R. Jacobs, and P. C. Applebaum. 1994. Activity of
CP99,219 compared with those of ciprofloxacin, grepafloxacin, metronida-
zole, cefoxitin, piperacillin, and piperacillin-tazobactam against 489 anaer-
obes. Antimicrob. Agents Chemother. 38:2471-2476.

Teng, R., L. C. Dogolo, S. A. Willavize, D. Sch her, H. L. Fried and
J. Vincent. 1996. The effect of age and gender and single- and multiple-dose
pharmacokinetics of trovafloxacin, abstr. 71:009, p. 18. In Abstracts of the 7th
International Congress of Infectious Disease, Hong Kong.

Thadepalli, H., and D. Hancz. 1994. Usage of chloramphenicol in the elderly.
In T. T. Yoshikawa (ed.), Antimicrobial therapy of elderly. McGraw-Hill
Book Co., New York, N.Y.

Thadepalli, H., S. L. Gorbach, P. W. Broido, J. Norsen, and L. Nyhus. 1973.
Abdominal trauma, anaerobes and antibiotics. Surg. Gynecol. Obstet. 137:
270-276.

Thadepalli, H., U. Reddy, S. K. Chuah, F. Thadepalli, C. Malilay, R. J.
Polzer, N. Hanna, A. Esfandiari, P. Brown, and S. Gollapudi. 1997. In vivo
efficacy of trovafloxacin (CP-99,217), a new quinolone, in experimental intra-
abdominal abscesses caused by Bacteroides fragilis and Escherichia coli. An-
timicrob. Agents Chemother. 41:583-586.

Weinstein, W. M., A. B. Onderdonk, J. G. Bartlett, and S. L. Gorbach. 1974.
Experimental intra-abdominal abscess in rats. Development of an experi-
mental model. Infect. Immun. 10:1250-1255.

Wolfson, J. S., and D. C. Hooper. 1989. Quinolone antimicrobial agents.
American Society for Microbiology, Washington, D.C.

Yoshikawa, T. T., and D. C. Norman. 1995. Treatment of infections in elderly
patients. Med. Clin. N. Am. 73:651-661.




