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Abstract. The protective effects of rufloxacin against Staphylococcus aureus-induced infections 
were compared with those of ciprofloxacin in the granuloma pouch model in the rat. Two strains 
with different in vitro sensitivity to the drugs were studied. Rufloxacin concentrations persisted 
longer than ciprofloxacin in the exudate in the pouch cavity and were about eight times higher. 
Equal doses of rufloxacin and ciprofloxacin had similar antibacterial activities. However, 
rufloxacin inhibited Staphylococcus aureus bacterial growth significantly longer than did ci- 
profloxacin. 

Animal models of infectious diseases have proven 
useful for the evaluation of new agents in the early 
phases of antimicrobial investigations. 

Experimental animal models, which allow stan- 
dardization of infection for treatment regimens, have 
been employed by many investigators to analyze the 
relationship between in vitro susceptibility tests and 
parameters of in vivo antimicrobial efficacy [7, 9]. 
However, the reliability of minimum inhibitory con- 
centrations (MICs) and minimum bactericidal con- 
centrations (MBCs) to predict in vivo activity is still 
problematic; lack of correlation between in vitro and 
in vivo data is common [14]. 

Difference in potency of antimicrobial agents 
can be explained largely by difference in pharmaco- 
kinetics. A simple, reproducible animal model that 
reflects human infectious disease is the granuloma 
pouch, used by many experimenters to evaluate 
pharmacokinetic and chemotherapeutic properties 
of antibiotics [4, 6]. 

Studies of antimicrobial agents in the experi- 
mental granuloma pouch model are particularly use- 
ful for establishing two points: the penetration of the 
drug into the exudate and the bactericidal activity. 

We have compared the pharmacokinetic prop- 
erties and the in vivo efficacy of a new, long-acting 
quinolone, rufloxacin, with those of ciprofloxacin 
in the laboratory rat granuloma pouch model. 
Rufloxacin is a broad-spectrum fluoroquinolone [3, 

11] with good tissue penetration [5, 12] and a 
particularly long half-life [8], which may account 
for its in vivo efficacy in the face of moderate in 
vitro activity. 

Materials and Methods 

Pouch formation. Granuloma pouches were formed by subcutane- 
ously injecting 25 ml of air, according to the method of Dalhoff 
[4], into the backs of Wistar (Wl) BR male rats (Charles River, 
Calco, Italy) weighing 120-130 g. 

Contamination was avoided by drawing air into a syringe 
through a sterile filter. Immediately afterwards, 0.5 ml of 0.5% 
croton oil in olive oil was injected into the air space. After 48 h, 
the air was removed with a syringe; the pouches were deflated, 
and the accumulation of fluid in the pouch cavity occurred in 3-6 
days. At this point, with the pouches formed, pharmacokinetic 
studies and quantification of in vivo antimicrobial activity were 
started. 

Drug concentrations. Groups of four rats with exudate in the 
pouch cavity were given orally, by gavage, a single dose of 
rufloxacin or ciprofloxacin at 50 mg/kg. At 30 min, 1, 2, 4, 8, 12, 
and 24 h, 0.5 ml samples of exudate were removed with sterile 
syringes. Concentrations of each quinolone was assayed in the 
exudate samples by an agar-well microbiologic assay. Standard 
samples were prepared in exudate. The indicator microorganism 
was Escherichia coli EES (extra-susceptible) with which one 
can detect concentrations of rufloxacin as low as 1 mg/L and 
ciprofloxacin as low as 0.03 mg/L. 

Pharmacokinetic analysis. Pharmacokinetic parameters were cal- 
culated individually for rufloxacin and ciprofloxacin in purulent 
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Fig. 1. Concentrations (mg/L) of [] rufloxacin and ~ ciprofloxacin in granuloma pouch exudates of rats treated with a single 50 
mg/kg oral dose of drug. 

fluid of the granuloma pouch. The terminal half-life was estimated 
by log-linear regression of terminal data points. The maximum 
drug concentration (Cma• and the time required to reach the 
maximum (Tmax) were determined for each antibiotic. The areas 
under the concentration-time curve from 0-24 h (AUC0_24) were 
calculated by the linear trapezoidal rule. Data are presented as 
means - standard error of mean. 

In vivo antimicrobial activity. After formation of pouches, the 
exudate was removed by a syringe, pooled, and heated at 56~ for 
30 min to inactivate complement. The test strains of staphylococci 
from overnight cultures in brain-heart infusion were diluted in 
the inactivated fluid to a concentration of 106 cfu/ml, after which 
5-6 ml of inoculated diluted exudate was reinjected into the 
pouches of five rats for each test and control group. The infective 
microorganims were S.  aureus  BS/87 (MIC for rufloxacin 4 rag/ 
L, MIC for ciprofloxacin 0.5 mg/L) and S.  auareus  BS/90 (MIC 
for rufloxacin 16 mg/L, MIC for ciprofloxacin 2 mg/L). Samples 
of exudate for determining counts of the viable infecting microor- 
ganisms were removed by syringe at 4, 8, and 24 h after infection. 
Quinolones were given orally at concentrations of 50 mg/kg (BS/ 
87) and 50 or 70 mg/kg (BS/90) 30 rain and 8 h after infection. 
Antibiotic activity was determined by comparing the numbers of 
microorganisms (cfu/ml) present at different times (4, 8, 24, and 
48 h) in the pouch fluid of treated animals with those in the control 
group. 

Statistical analysis. The number of colony forming units of S. 
aureus  were log-transformed to obtain normalization and homo- 

geneity of variance of data [2]. The numbers of colony forming 
units between treatment groups and times were compared by 
analysis of variance for a split-plot design. Values of p < 0.05 
(two-tailed) were considered statistically significant. Calculations 
were made with the NWA STATPAK statistical package [10]. 

Results 

The antibiotic concentrations of ruflo• and ci- 
prof loxacin  in the g r a n u l o m a  pouc h  exuda te  are 

g iven in Fig. 1. Af ter  a single dose  of  50 mg/kg  of  
ruf loxacin,  the c o n c e n t r a t i o n s  ins ide  the p o u c h  were  
2.7 -+ 0.5; 3.9 -+ 0.9; 4.5 + 1.2; 5.1 -+ 0.7; 4.2 -+ 0.6; 
and  2.9 -+ 1.2 m g / L  at 30 min ,  1, 2, 4, 8, a nd  12 h, 
respect ive ly .  At  same t imes the c o n c e n t r a t i o n s  of  
c iprof loxacin were  1.4 + 1.0; 1.7 + 1.0; 1.1 + 0.3; 
0.7 -+ 0.2; 0.3 + 0.1; and  0.2 + 0.1 mg/L .  The  Cma~ 
for ruf loxacin  was  5.1 + 0.4 m g / L  and  was r eached  
at 3.5 -+ 0.5 h. The  peak  levels  for c iprof loxacin  were  

obse rved  ear l ier  t han  ruf loxacin  (Tma x = 1.3 -+ 0.3 
h) bu t  were  on ly  abou t  one  third as high (Cmax = 
1.7 + 0.5 mg/L)  as those  for the n e w  qu ino lone .  

Ruf loxacin  c o n c e n t r a t i o n s  were  more  s table  t han  
ciprof loxacin levels  (T�89 = 12.8 + 4.5 vs 3.5 -+ 0.3 

h). This  is ref lected in the c o r r e spond i ng  AUC0_24 
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Fig. 2. Antibacterial activity of doses of 50 mg/kg rufloxacin and ciprofloxacin in granuloma pouch infected with Staphylococcus aureus 
BS/87 (MIC for rufloxacin, 4 mg/L; MIC for ciprofloxacin, 0.5 rag/L). [] rufloxacin; + ciprofloxacin; �9 controls. 

values, which were about eight times higher for 
rufloxacin than for ciprofloxacin (66.5 - 5.8 vs 
8.2 --- 1.4 mg x h/L). 

Figure 2 summarizes the data related to experi- 
mental infection with S .  a u r e u s  BS/87, for which the 
MIC for rufloxacin is eight times higher than for 
ciprofloxacin. Both quinolones significantly (p -< 
0.001) inhibited bacterial growth for the entire 48 h 
of observation. At 4 h, the antibacterial activity of 
ciprofloxaCin was significantly higher (p -< 0.05) than 
that of rufloxacin. In the pouches of rats treated with 
rufioxacin, 1.6 --- 0.9 x 10 6 cfu/ml were found, in 
those treated with ciprofloxacin, 3.2 -+ 2.6 x 105 
cfu/ml. Similar activity was observed at 8 h. At 24 
h, there were three times as many viable cells in the 
pouches of animals treated with rufloxacin as with 
ciprofloxacin (p -< 0.05). At 48 h, the animals treated 
with rufloxacin had fewer viable cells, while those 
treated with ciprofloxacin had an increased number 
of microorganisms, indicating a significantly (p -< 
0.001) longer duration of antibacterial activity for 
rufloxacin. In granuloma pouches infected with S. 
a u r e u s  BS/90 (Fig, 3), 50 mg/kg doses of both quino- 
lones had similar antibacterial activity at 4, 8, and 

24 h, while at 48 h the rufloxacin-treated animals had 
only one-third of the number of microorganisms as 
the ciprofloxacin-treated (p -< 0.05). With the 70 mg/ 
kg dose, the antibacterial activities at 4 and 8 h 
were similar, but at 24 and 48 h the number of test 
organisms/ml in the pouches of rats treated with 
rufloxacin were one-eight and one-third those in the 
ciprofloxacin-treated rats (p -< 0.05). 

Discussion 

Although there are limitations, animal models of in- 
fection are the best means presently available for 
determining the efficacy and safety of an antibiotic 
before its use in clinical trials and for finding new 
approaches to the treatment of infections [1, 13]. 
The technical advantages of using animal models are 
no less important: studies can be performed in large 
groups of animals for statistical analysis; they pro- 
vide reproducible results, and individual effects can 
be examined separately through variation of the test 
conditions. We evaluated the activity of rufloxacin, 
a new long-acting quinolone [8, 12] with in vitro 
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Fig. 3. Antibacterial activity of doses of 50 and 70 mg/kg rufloxacin and ciprofloxacin in granuloma pouch infected with Staphylococcus 
aureus BS/90 (MIC for rufloxacin, 16 mg/L, MIC for ciprofloxacin, 2 mg/L). [] rufloxacin 70 mg/kg; + rufloxacin 50 mg/kg; • controls; 

ciprofloxacin 70 mg/kg; ~ ciprofloxacin 50 mg/kg. 

lower activity than ciprofloxacin and other quino- 
lones [11]. 

The in vivo antibacterial activity of rufloxacin 
and ciprofloxacin is related to the dose and depends 
on the MIC value of the organism test. 

S. aureus  BS/87 was more susceptible to quino- 
lones than S. aureus  BS/90 and was subject to higher 
bactericidal activity. 

The in vivo results were surprising because the 
infecting strains we used have MIC values eight 
times higher for rufloxacin than ciprofloxacin. Ci- 
profloxacin had similar antibacterial effect as 
rufloxacin, but its duration of action was signifi- 
cantly shorter than that of the new quinolone. Al- 
though in a comparison of different antibiotics sev- 
eral studies have demonstrated a correlation 
between MICs and in vivo data, in experimental 
models and in humans many uncontrolled parame- 
ters could explain discrepancies between in vitro 
susceptibility tests and in vivo outcome. The eight 
times higher concentrations reached by rufloxacin 
at the site of infection and its longer half-life provide 
it with greater antibacterial activity in vivo than 

would be predicted from its in vitro activity. The 
animal model studies suggest many potential uses 
of rufloxacin. The efficacy of rufloxacin has been 
observed not only in granuloma pouch infection but 
also against respiratory and subcutaneous infec- 
tions. Studies with respiratory Klebsiel la pneurnon-  

iae infections in rats and subcutaneous P s e u d o m o -  

has aeruginosa or S. aureus  infections in guinea pigs 
showed that the protective effects of rufloxacin are 
equal to those of ciprofloxacin and ofloxacin [11]. 

In conclusion, results from animal models have 
shown that a particularly favorable pharmacokinetic 
property of rufloxacin is to produce antibacterial 
activity in vivo in different infections similar to those 
of other quinolones. Furthermore, its long half-life 
in the site of infection means that once-a-day therapy 
is feasible. 
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