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FIG. 1. Effects of g:ﬂoxacin (Pef), glucan (Glu), and glucan-pefloxacin treatments on survival of irradiated C3H/HeN mice. Mice were

exposed to 7.9 Gy of

'Co and administered either pefloxacin (0.6 mg/ml in drinking water on days 3 to 24 after irradiation), glucan (5 mg per

mouse intravenously 1 h after irradiation), or both treatments. Survival was monitored daily for 30 days. Data are a composite from five
experiments, totaling 65 mice per treatment group. RC, radiation control mice.

RESULTS

Survival studies. Mortality-enhancing effects of pefloxacin
were consistently observed in irradiated C3H/HeN mice. On
the basis of three experiments, the average 30-day survival
in mice exposed to 7.9 Gy of ®°Co and treated with peflox-
acin was 5.7% =+ 2.9%, compared with 25.7% = 3.0% in
radiation control mice (P < 0.05; n = 45 in each treatment
group). .

The ability of glucan therapy to override the mortality-
enhancing effects of pefloxacin therapy in irradiated mice is
illustrated in Fig. 1. This figure represents composite data
from five experiments totaling 65 mice per treatment group.
In contrast to the reduced survival produced by pefloxacin
therapy alone (5 versus 25%; P < 0.05), glucan therapy alone
enhanced survival compared with that in radiation controls
(48 versus 25%; P < 0.05). Most interesting, however, was
the ability of glucan-pefloxacin treatment to enhance sur-
vival beyond that observed with glucan therapy alone (P <
0.05); survival in combination-treated mice was 85%. These
phenomena were consistently observed in each of the five
experiments performed.

We initially suspected that if the antibiotic-containing tap
water produced a taste aversion, dehydration may adversely
affect survival in pefloxacin-treated mice. Figure 2 illustrates
that the average daily water consumption in pefloxacin-
treated mice was significantly less than that of radiation
control mice. However, combination-treated mice, which
exhibited enhanced survival rather than impaired survival,
also consumed significantly less water than radiation con-
trols, indicating that changes in water consumption could not
be correlated with survival effects.

Hemopoietic stem and progenitor cell studies. In the E-CFU
assay, multipotent stem cells which survive the myelosup-
pressive 6-Gy dose of radiation should seed the spleen and

clonally proliferate to form grossly visible spleen colonies by
day 12 after irradiation. When this assay was used to
examine pefloxacin for the ability to inhibit hemopoietic
regeneration in myelosuppressed mice, a dose-dependent
reduction in E-CFU numbers was observed (Fig. 3). The
E-CFU assay required that animals be euthanized on day 12
after irradiation to count the spleen colonies. For this
reason, mice in these experiments were exposed to peflox-
acin for only 10 days (days 3 to 12) instead of the 22-day
pefloxacin treatment used in survival studies (days 3 to 24).
Even following this relatively short 10-day course of peflox-
acin, only 10.4 + 0.5, 9.1 + 0.3, and 5.7 = 0.6 colonies were
observed in mice treated with 32, 64, and 320 mg of peflox-
acin per kg per day, respectively, compared with 12.2 + 0.4
colonies in radiation control mice.

Because the dose-response studies demonstrated the abil-
ity of pefloxacin to suppress hemopoiesis, the involvement
of this phenomenon in enhancing mortality in irradiated mice
was further evaluated. As in survival studies, mice were
exposed to 7.9 Gy of ®°Co and provided pefloxacin in the
drinking water. On days 11, 13, 15, and 19 following irradi-
ation, evaluations were performed to determine the numbers
of GM-CFC progenitors in the bone marrow and spleen. In
the same experiments, glucan-treated mice that also re-
ceived pefloxacin were evaluated to determine whether
pefloxacin-induced hemopoietic suppression could be over-
ridden by the use of a known hemopoietic stimulant. Figure
4 illustrates the results of these studies. Compared with
those in radiation control mice, both bone marrow and
splenic GM-CFC recoveries were found to be suppressed in
pefloxacin-treated mice. Bone marrow GM-CFC values in
pefloxacin-treated mice on days 13, 15, and 19 after irradia-
tion, respectively, were only 60, 46, and 26% of radiation
control values. These data suggest that GM-CFC suppres-
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FIG. 2. Effects of pefloxacin (Pef), glucan (Glu), and glucan-pefloxacin treatments on water consumption in irradiated C3H/HeN mice.
Mice were exposed to 7.9 Gy of *®Co and administered either pefloxacin, glucan, or both treatments as described in the legend to Fig. 1. Water
consumption was measured daily through day 24 of the experiment. RC, radiation control mice; *, P < 0.05, with respect to radiation control
values or glucan values. Average daily water consumption in nonirradiated mice was 2.8 + 0.6 ml.

sion increases with the duration of pefloxacin treatment. In
the spleen, GM-CFC recovery was not detected until day 19
in radiation controls (11.6 * 2.6 GM-CFC per spleen);
however, no splenic GM-CFC recovery was detected at any

E-cfu Per Spleen

time in pefloxacin-treated mice. In contrast to mice treated
with pefloxacin alone, mice treated with glucan alone or
glucan plus pefloxacin exhibited greater bone marrow and
splenic GM-CFC recovery than did radiation control mice.
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FIG. 3. Effect of pefloxacin treatment on E-CFU formation in C3H/HeN mice. Mice were exposed to 6 Gy of %0Co and on days 3 to 12
after irradiation were administered pefloxacin by oral gavage. Data are a composite from three experiments, totaling 15 spleens per treatment
group. *, P < 0.05, with respect to radiation control values (0 mg/kg/day) based on Dunnett’s test.
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However, recovery in glucan-pefloxacin-treated mice was
less than that in mice treated with glucan only, indicating an
ability of pefloxacin to dampen glucan-induced GM-CFC
recovery. For example, on day 19 after irradiation, bone
marrow and splenic GM-CFC recoveries in glucan-pefloxa-
cin-treated mice, respectively, were only 52 and 24% of
recoveries observed in mice treated with glucan only.

Microbiological studies. A Streptococcus sp., Lactobacil-
lus spp., and occasional members of the Enterobacteriaceae
were the predominant microorganisms recovered from the
livers of mice at all time points after irradiation. The pres-
ence of these organisms may represent bacterial transloca-
tion that could lead to sepsis. Total numbers of organisms in
individual mice varied greatly, and bacteria were not de-
tected in all specimens. On days 11 and 13 after irradiation,
the total number of microorganisms per gram of liver in mice
treated with glucan, pefloxacin, or glucan plus pefloxacin
(logyo 0.10 to log,, 0.60) was less than the total number of
organisms per gram of liver in radiation control mice (log,o
1.61 to log, 2.16). In all mice, the total number of organisms
per gram of liver increased from day 15 through day 19 after
irradiation and then decreased on day 22. However, on day
22 after irradiation, the total number of organisms per gram
of liver in glucan-treated and glucan-pefloxacin-treated mice
(logy 0.10 to log,q 0.11) was lower than in radiation control
mice or mice treated with pefloxacin only (log,, 0.69 to log;
2.32). Interestingly, no members of the Enterobacteriaceae
were found in mice that received pefloxacin treatment. Fungi
were not detected.

DISCUSSION

This study demonstrates that pefloxacin therapy enhances
mortality following exposure of C3H/HeN mice to midlethal
radiation doses. The deleterious effect of this drug appears to
be due to an inhibition of hemopoietic progenitor cell prolif-
eration, which could be corrected through the administration
of the hemopoietic stimulant glucan. Although pefloxacin
appeared to reduce the number of gastrointestinal members
of the Enterobacteriaceae that translocated through the
bloodstream to the liver, the overall effect of this antimicro-
bial action alone was not beneficial in continually myelosup-
pressed mice. It may be that the eradication of gram-
negative bacteria by pefloxacin reduced the normal
continuous release of endotoxin into the circulation. Endo-
toxin in small amounts induces macrophages to produce
interleukin-1 and other cytokines, including hemopoietic
growth factors, that lead to increased hemopoiesis. The
decreased hemopoiesis observed following pefloxacin treat-
ment could therefore be caused indirectly by its antibacterial
activity that eliminates the slow release of endotoxin. The
exact cause of the mortality in mice treated with pefloxacin
could not be elucidated, but suppression of hemopoietic
progenitor cells would ultimately inhibit the generation of
cells essential in the clearance of not only invading organ-
isms but also cellular debris from the body. Furthermore,
renal failure or electrolyte imbalance cannot be excluded as
possible complications leading to mortality.
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It is interesting to note that although greatest hemopoietic
recovery was observed in mice treated with glucan alone,
combination-treated mice exhibited the best survival. It may
be that glucan in combination with pefloxacin was able to
override the pefloxacin-induced hemopoietic suppression
just enough to allow the production of a small but critical
number of cells necessary for survival after irradiation.
Because glucan also activates endogenous macrophage pop-
ulations, which tend to be fairly radioresistant (30) and hence
survive radiation exposures such as that used in our studies,
it may also be that in combination-treated mice pefloxacin
reduced the bacterial load while glucan-activated macro-
phages assisted in controlling the residual bacterial burden
and scavenging debris even prior to the generation of new
leukocytes.

In contrast to the results of this study performed with
C3H/HeN mice, a previous study demonstrated the ability of
pefloxacin to enhance survival in irradiated B6D2F1 mice
(2). Because C3H/HeN mice contain fewer stem and progen-
itor cells than B6D2F1 mice (21, 28), following any given
radiation dose, these cells will be reduced to a more critical
level in C3H/HeN mice than in B6D2F1 mice. Therefore, it
is tempting to attribute the detrimental effects of pefloxacin
on survival in C3H/HeN mice to a radiation-induced reduc-
tion in stem and/or progenitor cell numbers to such a critical
level that coupled with reduced regeneration, survival is
further impaired. For example, the gamma radiation dose
that reduces murine femoral GM-CFC numbers to 37% (D)
within 24 h after exposure is approximately 1.4 Gy (17, 26).
Since B6D2F1 mice contain approximately 11,500 GM-CFC
per femur while C3H/HeN mice contain only about 3,500 per
femur, a 1.4-Gy radiation dose would theoretically decrease
femoral GM-CFC numbers in B6D2F1 mice to 4,255 and
those in C3H/HeN mice to 1,295. Following the 7.9-Gy
radiation dose used in the studies presented in this paper,
only about 15 GM-CFC per femur would be expected to
survive the radiation exposure. Even a slight inhibition of
the proliferative potential of these few progenitor cells may
produce a survival disadvantage. The effect of pefloxacin in
B6D2F1 mice after exposure to a radiation dose biologically
equivalent to that used in our C3H/HeN mice in terms of
hemopoietic injury may clarify this issue.

Although pefloxacin-induced hemopoietic inhibition and
mortality were demonstrated in our studies, it turned out
that mice consumed less pefloxacin than had been antici-
pated; consumption of pefloxacin-treated water was about
1.75 ml/day as opposed to the anticipated 2.6 ml/day. Hence,
the average pefloxacin dose per mouse was only 1.05 mg/day
(about 42 mg/kg/day). Since the recommended daily peflox-
acin dose is 64 mg/kg (9), even greater suppressive effects
might have been observed had the recommended daily
pefloxacin dose actually been consumed.

In addition to the hemopoietic inhibitory effects we ob-
served in C3H/HeN mice, deleterious hemopoietic effects
have been reported following quinolone administration to
humans (11). It has been known from in vitro studies that
quinolone antibiotics can penetrate and accumulate within

FIG. 4. Effects of pefloxacin (+), glucan (), and glucan-pefloxacin (M) treatments on bone marrow (A) and spleen (B) GM-CFC recovery

in irradiated C3H/HeN mice. Mice were exposed to 7.9 Gy of ®Co an

d administered either pefloxacin, glucan, or both treatments as described

in the legend to Fig. 1. O, radiation control mice. Insets expand GM-CFC responses observed at edrly time points. Above the standard error
bars are indicated significant differences between radiation control and pefloxacin treatments (+) and significant differences between glucan
and glucan-pefloxacin treatments (+). Average GM-CFC values per femur and per spleen from nonirradiated mice were 1,924 = 80 and 1,360

+ 93, respectively.
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mammalian cells (5). Although less toxic to mammalian cells
than to bacteria, high concentrations (above 25 mg/l) of
quinolones have been shown to inhibit mammalian DNA
replication (7, 10, 13). Additionally, decreased production of
superoxide anion by human polymorphonuclear leukocytes,
decreased production of immunoglobulins by human lym-
phocytes, reduced lymphocyte proliferation in response to
phytohemagglutinin, decreased interleukin-2 production by
lymphocytes, and decreased interleukin-1 production by
monocytes have been demonstrated to occur following in
vitro exposures to quinolones, including pefloxacin (6, 8, 9,
29).

Since in some instances quinolones have shown promise
for the prevention (2) and/or treatment (3) of bacterial sepsis
in irradiated mice, their use in humans exposed to radiation
is being considered (12). However, because our studies in
animals demonstrate that the quinolone pefloxacin can sup-
press bone marrow recovery and inhibit survival following
severe radiation-induced myelosuppression, caution in the
use of this agent in severely myelosuppressed patients may
be warranted until it is determined whether such effects can
also occur in humans. Further studies are needed to explore
the hemopoietic effects of other quinolones in irradiated
animals and whether in addition to broad-spectrum immu-
nomodulators such as glucan, hemopoietic growth factors
such as granulocyte or granulocyte-macrophage colony-
stimulating factor could be used to overcome detrimental
hemopoietic effects, should they occur.
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