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Ciprofloxacin, when given intravenously (i.v.), is secreted in significant amounts via the mucosa into the
intestinal lumen. Sucralfate inhibits the antimicrobial activity of ciprofloxacin. The effect of combined therapy
on the intestinal flora was investigated in 16 healthy volunteers. They were randomly assigned to two groups.
Group A received 2 g of sucralfate orally three times a day for 7 days and 400 mg of ciprofloxacin i.v. twice a
day (b.i.d.) starting 3 days after the sucralfate administration began. Group B was given only 400 mg of
ciprofloxacin i.v. b.i.d. for 4 days. A total of 9 stool samples were collected from each subject beginning the week
before ciprofloxacin was administered and on days —1, 1, 2, 3, 4, 7, 9, and 10 or 11 after commencement of the
infusion period. The aerobic fecal flora was determined by standard microbiological methods. Measurements
of fecal ciprofloxacin levels were based on high-performance liquid chromatography. Counts of bacteria of the
family Enterobacteriaceae decreased in all subjects and were below 10> CFU/g in eight of eight subjects (group
A) and six of eight subjects (group B) on day 4, but they returned to normal in all but one subject (group A)
10 days after the last infusion. The decreases in levels of bacteria of the family Enterobacteriaceae were not
significantly different in groups A and B (Kaplan-Meier test). Staphylococci and nonfermenters responded
variably, enterococci and lactobacilli remained unchanged, and candida levels increased transiently in four
subjects (two in each group). Maximum fecal drug levels ranged from 251 to 811 pg/g. No significant difference
could be found between the two groups. The i.v. application of ciprofloxacin eliminates intestinal bacteria of the
family Enterobacteriaceae in a rapid and selective manner. This effect is not affected by simultaneous oral

application of sucralfate.

Ciprofloxacin is a highly active fluoroquinolone antibacterial
agent with a broad spectrum of activity, especially against aer-
obic gram-negative rod bacteria. Ciprofloxacin is secreted by
the intestinal mucosa, even when given intravenously (6, 25,
31), and thus may affect the intestinal flora (29).

Sucralfate is the aluminum salt of saccharose octasulfate,
which has a protective effect on gastrointestinal mucosa by
various mechanisms (10, 13, 33). It may inhibit the antimicro-
bial activity of fluoroquinolones by chelate binding (11, 20, 21),
so that maximum levels of orally applied ciprofloxacin in serum
are reached with delay and amount to only 10% of the usual
values (3, 11, 38).

This study was performed to demonstrate the influence of
intravenously administered ciprofloxacin on the intestinal mi-
croflora and to find out whether this effect is altered when
sucralfate is given simultaneously.

MATERIALS AND METHODS

Subjects and design. Sixteen volunteers participated in the study after in-
formed consent was obtained. The study was open, randomized, and prospec-
tively conducted. All volunteers were found to be healthy by clinical examination
and laboratory tests. Drugs other than the study drugs were not taken by any of
the participants for 4 weeks before and during the study period. They all main-
tained a normal Western-type diet throughout the study. The volunteers were
randomly allocated to group A (sucralfate for 7 days and ciprofloxacin for 4 days)
or group B (ciprofloxacin only for 4 days). Group A consisted of 1 female and 7
male volunteers, aged 20 to 30 years (mean, 28), with body weights of 52.0 to 81.0
kg (mean, 73.5). Group B comprised 3 female and 5 male volunteers, aged 20 to
36 years (mean, 26.5), with body weights of 54.0 to 75.0 kg (mean, 70.0). The
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study protocol was approved by the Ethics Committee of the Faculty of Medicine
of the Ludwig-Maximilians-Universitit Munich.

Drug administration and dosages. All volunteers received 400 mg of cipro-
floxacin (Bayer AG, Leverkusen, Germany) as an intravenous (i.v.) infusion over
60 min every 12 h for 4 days before they had their meals. The volunteers of group
A took 10 ml (i.e., 2 g) of an oral sucralfate suspension (Merck, Darmstadt,
Germany) every 8 h during the course of these 4 days, as well as 3 days before
the start of ciprofloxacin administration.

The i.v. infusions were given in a ward of our hospital, and the volunteers were
monitored by a physician for at least 1 h after the end of the infusions.

Feces sampling and sampling schedule. Aliquots of 30 to 50 g of feces were
collected in sterile plastic tubes, homogenized, and kept at 4°C. Parts of the
specimens were stored at —80°C for determination of ciprofloxacin levels. Feces
were sampled once during the week before the study, once the day before the
first administration of ciprofloxacin, every day during the application period, and
1, 3,5, and 10 or 11 days after the end of the administration period.

Identification and counting of fecal microorganisms. All samples were pro-
cessed microbiologically within 24 h of sampling. A weighed portion of feces was
suspended 1:10 in stool buffer (4.5 g of KH,PO,, 6.0 g of Na,HPO,, 0.5 g of
cysteine-hydrochloride, and 1.0 g of Tween 80 in 1,000 ml of distilled water) and
further diluted with 0.9% NaCl up to 1:10°. One hundred microliters of appro-
priate dilutions were then plated onto the following media: Columbia agar base
with 5% sheep blood (Becton Dickinson, Heidelberg, Germany), Endo agar
(Oxoid, Wesel, Germany), MacConkey agar (Oxoid), mannitol salt agar (Oxoid),
Slanetz-Bartley agar (Oxoid), Rogosa agar (Merck), Sabouraud agar (our own
preparation), and Mueller-Hinton agar II with 2 mg of ciprofloxacin per liter
(Oxoid). The detection threshold was 10*> CFU/g. The media were incubated at
37°C for at least 48 h under aerobic conditions. Blood agar plates were cultured
in an atmosphere of 5% CO,. Colonies were counted and identified by selective
properties of the media used and the usual microscopic and biochemical meth-
ods (Gram’s stain, Api 20 E, Api 20 NE; BioMérieux, Nirtingen, Germany).

Determination of ciprofloxacin levels in feces by HPLC. The sample prepara-
tion and measurement of ciprofloxacin by high-performance liquid chromatog-
raphy (HPLC) and fluorescence detection was performed exactly as described by
Scholl et al. (30). This method has been validated according to quality assurance
measurements and issues of linearity of recovery. Ciprofloxacin and its four
known metabolites may be differentiated exactly, and the recovery of ciprofloxa-
cin in feces was 89.5% (30). In our assay, the limit of quantification was 0.15 n.g/g
and the response from calibration standards was linear from 0.15 to 20.0 pg/g.
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FIG. 1. (a) Fecal colony counts of E. coli in eight healthy volunteers receiving 400 mg of ciprofloxacin i.v. twice a day (b.i.d.) for 4 days and 2 g of sucralfate orally
(p.o.) three times a day (t.i.d.) for 7 days. (b) Fecal colony counts of E. coli in eight healthy volunteers receiving 400 mg of ciprofloxacin i.v. b.i.d. for 4 days.

Precision control standards for 10.0 pg/g yielded 10.31 ng/g * 6.1%; for 0.625
ug/g, the yield was 0.629 pg/g = 7.2%. Recovery of ciprofloxacin at a concen-
tration of 12.5 ug/g was 86.1% =+ 16.0% and 84.7% =* 10.2% after pretreatment
with sucralfate for 3 days.

Statistical analysis. The decrease in counts of bacteria of the family Entero-
bacteriaceae was plotted as a Kaplan-Meier curve. A log rank test was applied to
detect differences between the two groups. Wilcoxon’s test for unmatched pairs
was applied to compare fecal drug levels. For comparison of fecal levels of
ciprofloxacin related to colony counts of Escherichia coli, the arithmetic mean of
log(x + 1) was set for ciprofloxacin at <200 pg/g, 200 to 400 pg/g, 400 to 600 wg/g
and >600 wg/g. Colony counts below the detection threshold were assumed to be
0 for this calculation.

RESULTS

Intestinal flora. Before the administration of ciprofloxacin,
E. coli was the predominant species of the family Enterobacte-
riaceae in all subjects but one, in whom Citrobacter diversus was
predominant. In group A, E. coli levels decreased to <107
CFU/g in all eight subjects after 4 days; in group B, they
persisted at 10* and 10° CFU/g in two subjects but were below
the detection threshold in all subjects at 3 and 5 days after the
last infusion, respectively (Fig. 1). Bacteria of the family En-
terobacteriaceae other than E. coli were found in seven of eight

subjects in each group. Their levels fell below 10 CFU/g in all
subjects after 4 days of i.v. administration of ciprofloxacin (Fig.
2). By 10 to 11 days after the infusion period, the coliform flora
had returned to normal in all but one subject (group A). There
was no significant difference in the decrease of the levels of
bacteria of the family Enterobacteriaceae between the two
groups (log rank, 0.22; P = 0.64).

Nonfermenters were detected in five subjects of group A and
in seven subjects of group B, mostly during and after the
infusions (Fig. 2); the detected strains were resistant to cipro-
floxacin in four cases (three Pseudomonas spp. and one Acin-
etobacter sp.).

Staphylococcus aureus was initially present in low counts in
two subjects of group A and three subjects of group B and
subsequently disappeared totally after 2 days of ciprofloxacin
administration.

Coagulase-negative staphylococci were found in seven sub-
jects of each group at levels ranging from 10? to 10° CFU/g,
and they responded variably, disappearing in some cases and
persisting in others. Resistant coagulase-negative staphylo-
cocci were found in only one subject before ciprofloxacin was
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FIG. 2. Fecal colony counts in 16 healthy volunteers receiving 400 mg of ciprofloxacin i.v. twice a day (b.i.d.) for 4 days. Eight volunteers had 2 g of sucralfate orally
(p.o0.) three times a day (t.i.d.) for 7 days. Enterobacteriacea other than E. coli: 4, Citrobacter amalonaticus; W, Citrobacter diversus; A, Citrobacter freundii; X, Enterobacter
aerogenes; [, Enterobacter cloacae; <, Hafnia alvei; O, Klebsiella pneumoniae; ©, Klebsiella oxytoca; %, Morganella morganii; A, Providencia retigeri; <>, Salmonella
enteritidis; O, Yersinia enterocolitica. Nonfermenters: ®, Acinetobacter sp.; ®, Alcaligenes xylosoxidans; X, Comamonas acidovorans; 3, Pseudomonas aeruginosa; %,

Pseudomonas alcaligenes; +, Pseudomonas putida; O, Pseudomonas vesicularis; ¥, Pseudomonas sp.; U, Stenotrophomonas maltophilia.

given (group A). Their levels increased from 10? to 10° CFU/g
during the course of ciprofloxacin administration and returned
to 10° CFU/g 10 days after the end of the administration
period. Ciprofloxacin-resistant coagulase-negative staphylo-
cocci were found in 5 of 16 volunteers after the infusion period.
The increase in number of volunteers colonized by resistant
staphylococci was not significant by Fisher’s exact test (P was
0.086 for the one-sided test).

Enterococci were present at 10* to 10'® CFU/g in all volun-
teers, and their levels were reduced to less than 1/100 of the
baseline values in two subjects in each group. In all other
subjects, the counts of enterococci remained stable. There was
no increase in the levels of enterococci resistant to ciprofloxa-
cin. Lactobacilli were found in all subjects at 10* to 10'° CFU/g
and remained at a constant level.

Candida were present at levels of 10 to 10° CFU/g in all
volunteers. Their levels increased by more than 100-fold in two
subjects of each group and dropped again in two of these while
ciprofloxacin was still being given.

Fecal levels of ciprofloxacin. Peak fecal levels of ciprofloxa-
cin were found on the 3rd and 4th days of the administration
of ciprofloxacin and ranged from 251 to 811 pg/g (group A)
and 315 to 714 pg/g (group B) (Fig. 3). Wilcoxon’s test for
unmatched pairs did not show a significant difference in fecal
levels between the two groups.

E. coli could still be found when fecal levels of ciprofloxacin
reached 385 wg/g (group A) and 578 pg/g (group B). There was
no evidence that ciprofloxacin was less effective in reducing E.
coli in group A (Fig. 4).

Side effects. Ciprofloxacin was well tolerated by all volun-
teers, and only minor side effects were seen (two cases of
flatulence, two cases of fatigue, and two reports by one subject
of mild vertigo after i.v. infusion).

DISCUSSION

The effect of orally administered ciprofloxacin on the fecal
flora has been shown in several studies (1, 4, 9, 14, 22, 26). The
studies involved healthy volunteers and patients. Ciprofloxacin
was administered at doses between 500 and 1,000 mg daily,
ranging from a single dose (22) to a duration of 42 days (26).
All studies showed a marked decrease in levels of coliform
bacteria. These organisms were under the detection threshold
in all subjects after 3 to 5 days (14, 26) or after 7 days, de-
pending on the sampling schedule of these studies (4). This
corresponds well to the results shown here, as we found a
suppression of bacteria of the family Enterobacteriaceae after 2
to 4 days, but with the important difference that ciprofloxacin
was given intravenously in this investigation.

The effect of intravenous ciprofloxacin on other constituents
of the intestinal flora also corresponds to the results obtained
after oral administration in other studies. Staphylococcal levels
had either not been affected (1, 9, 22) or decreased after oral
administration of ciprofloxacin (4). We saw a decrease in S.
aureus levels, which does not regularly occur in the intestinal
flora. On the other hand, we found an increase in the occur-
rence of ciprofloxacin-resistant coagulase-negative staphylo-
cocci. This increase, however, was not statistically significant.
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FIG. 3. (a) Fecal levels of ciprofloxacin in eight healthy volunteers receiving 400 mg of ciprofloxacin i.v. twice a day (b.i.d.) for 4 days and 2 g of sucralfate orally
(p.o.) three times a day (t.i.d.) for 7 days, as measured by HPLC. (b) Fecal levels of ciprofloxacin in eight healthy volunteers receiving 400 mg of ciprofloxacin i.v. b.i.d.

for 4 days, as measured by HPLC.

Counts of enterococci remained stable (22) or decreased after
oral ciprofloxacin (1, 4, 26). Here too, we observed both effects
in our volunteers after intravenous administration of cipro-
floxacin. An increase in candida levels has been described by
other investigators (4, 35), and candida levels also increased in
4 of the 16 volunteers participating in our study. In two of
those, however, candida levels decreased while ciprofloxacin
was still being given, suggesting that other causes might also
have influenced the candida population in the gut.
Approximately 75% of an oral dose of ciprofloxacin is excreted
in urine, and 25% is found in feces (7, 17). Ciprofloxacin levels in
feces may vary but considerably exceed the corresponding levels
in serum. After a 7-day oral course of 500 mg of ciprofloxacin
twice a day, ciprofloxacin fecal levels of 185 to 2,220 pg/g were
found in healthy volunteers (4). This is only partly due to incom-
plete absorption, since approximately 15% of a dose is found in

feces after intravenous application (25). Whereas the amount of
biliary excretion is very low, transintestinal secretion is a pharma-
cokinetic property of ciprofloxacin (6, 31, 37). This way of
elimination can amount to up to 50% of the total body
clearance in cases of renal insufficiency (25). Studies in
animals have shown that most of the transintestinal secre-
tion occurs in the small intestine (23, 27, 28). Even though
the carrier system for quinolones needs to be defined (15),
the transepithelial transport of ciprofloxacin is an active and
saturable process (12). This may explain why the levels of
ciprofloxacin in feces after intravenous application in our study
were in the same range as those reported after oral application
(251 to 811 pg/g and 185 to 2,220 wg/g, respectively) (4). It
furthermore explains why the changes in intestinal microflora
are very similar after oral and intravenous administration of
ciprofloxacin, as discussed above.
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FIG. 4. Fecal levels of ciprofloxacin with corresponding log(x + 1) of E. coli in 16 healthy volunteers receiving 400 mg of ciprofloxacin i.v. twice a day for 4 days.
Eight volunteers had 2 g of sucralfate orally three times a day for 7 days. Horizontal bars signify arithmetic means of log(x + 1) for ciprofloxacin at <200 pg/g, 200

to 400 pg/g, 400 to 600 wg/g, and >600 pg/g.

When HPLC is used for the measurement of drug levels,
there is no evidence as to how much of the drug is still anti-
microbially active. For norfloxacin, the paradox of high levels
in feces and a moderate effect on fecal aerobic gram-positive
and anaerobic microflora has been investigated. The reason for
this effect is a reversible binding of norfloxacin to feces, which
has been confirmed for ciprofloxacin as well by competitive
binding studies with *C-labeled norfloxacin (8). As is also the
case for nonfermenters, the MICs of quinolone antibiotics are
more than 100 times higher in the presence of fecal material
(36). This explains why we found nonfermenters which were
not resistant to ciprofloxacin while the drug levels were mark-
edly above the usual MICs. The same applies to enterococci,
which are moderately susceptible to ciprofloxacin but whose
levels were usually not reduced even though this could have
been expected with regard to the high levels of ciprofloxacin.
Finally, this effect was true for bacteria of the family Entero-
bacteriaceae as well. Whereas no resistant strains of E. coli
were detected on plates with 2 mg of ciprofloxacin per liter,
these organisms still grew when ciprofloxacin levels reached up
to 578 ng/g of feces (Fig. 4).

There are four known metabolites of ciprofloxacin (deseth-
ylene-, sulfo-, oxo-, and formylciprofloxacin). As none of them
is as microbiologically active as ciprofloxacin, it may well be
assumed that the antimicrobial effect we observed is mostly
due to ciprofloxacin itself (34, 39). Sucralfate itself may have a
bacteriostatic effect on bacteria of the family Enterobacteri-
aceae under certain conditions (2, 5, 16). In the setting of our
study this effect was not relevant, as there was virtually no
change in fecal flora after a 3-day pretreatment with sucralfate
in group A.

The simultaneous oral application of ciprofloxacin and su-
cralfate leads to insoluble complexes, with the result that an-
timicrobial activity is inhibited and only 10% of the ciprofloxa-
cin is absorbed (3, 11, 38). Even when ciprofloxacin is
administered 6 h after sucralfate, there is a remarkable de-
crease in ciprofloxacin bioavailability, ranging between 30 and
50% (20). In comparison with this, there is a rather modest
interaction between sucralfate and other quinolones, such as
norfloxacin, ofloxacin, or fleroxacin (18, 19). Neither with re-
spect to the influence on the aerobic microflora nor with re-
spect to the levels of ciprofloxacin did we find any difference
when sucralfate was given concomitantly. Furthermore, there
was no evidence for a decrease in antimicrobial activity in the

presence of sucralfate when the effects of fecal ciprofloxacin
levels on colony counts of E. coli were compared (Fig. 4). This
is in contrast to the binding of transintestinally secreted cipro-
floxacin by orally administered charcoal, a model that was used
for pharmacokinetic studies by Sorgel and coworkers (31). The
interaction of sucralfate and ciprofloxacin is based on chelate
binding between aluminum ions of sucralfate and the 4-oxo
and 3-carboxy groups of fluoroquinolones (20). Aluminum dis-
sociates from sucralfate mainly at low pH in the stomach (24).
This might contribute to the profound drug interaction, as
orally applied ciprofloxacin is mainly absorbed in the upper
gastrointestinal tract (32). As secretion of ciprofloxacin mainly
takes place in the ileum (23), we can only speculate that fewer
aluminum ions must have been available for the binding of
ciprofloxacin in this part of the gastrointestinal tract.

The results obtained in our study involving healthy volun-
teers show a rapid suppression of bacteria of the family Entero-
bacteriaceae in the gut after intravenously administered cipro-
floxacin irrespective of a simultaneous administration of
sucralfate.
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