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Although the microflora associated with oral mucositis initiated by cytotoxic therapy is not well character-
ized, several studies suggest that reduction of the microbial load in the oral cavity has some clinical benefit.
The MICs of IB-367, a synthetic protegrin analog, ranged from 0.13 to 64 mg/ml for gram-positive bacteria
(Streptococcus mitis, Streptococcus sanguis, Streptococcus salivarius, and Staphylococcus aureus) and from 0.06 to
8 mg/ml for gram-negative species (Klebsiella, Escherichia, and Pseudomonas). IB-367 exhibited rapid, micro-
bicidal activity against both log- and stationary-phase cultures of methicillin-resistant Staphylococcus aureus
(MRSA) and Pseudomonas aeruginosa. At concentrations near the MICs for these two organisms (4 and 2
mg/ml, respectively), IB-367 reduced viability by more than 3 logs in less than 16 min. Similarly, IB-367 effected
a 4-log reduction of the endogenous microflora in pooled human saliva within 2 min at 250 mg/ml, a
concentration readily attained by local delivery. After nine serial transfers at 0.53 the MIC, the MIC of IB-367
for MRSA and P. aeruginosa increased only two to four times. In a phase I clinical study with healthy
volunteers, IB-367 was well tolerated, with no detectable systemic absorption. One hour after treatment with
9 mg of IB-367, the prevalence of gram-negative bacteria and yeast was reduced, and the density of the
predominant gram-positive oral flora was decreased 1,000 times. IB-367’s properties (speed of killing, breadth
of spectrum, and lack of resistance) make the compound a strong candidate for the prophylaxis of oral
mucositis. Phase II clinical trials with IB-367 are under way for this indication in immunocompromised
subjects.

The microflora of the mouth has a complex and diverse
ecology. Although more than 200 species of microorganisms
have been isolated from the oropharynx, individual surfaces of
the oral cavity are dominated by specific subgroups (12). For
example, alpha and nonhemolytic viridans group streptococci
predominate on the surface of the buccal mucosa (13). The
development of illnesses such as cancer has been associated
with significant shifts in the numbers of gram-negative bacteria
detectable in oral samples (18, 21). An increase in the levels of
Candida albicans can also occur; this species is the cause of
most oral fungal infections in cancer patients.

The cytotoxic effects of radiation therapy or chemotherapy
on rapidly dividing epithelial cells of the oropharyngeal mu-
cosa often lead to a very painful condition known as oral
mucositis (5, 26). Lesions associated with oral mucositis are
usually found on the buccal and sublingual mucosae (17). In-
fections with endogenous microflora or opportunistic patho-
gens are thought to exacerbate this condition, leading to ul-
ceration, inflammation, and accumulation of microorganisms
in the necrotic tissue (3, 4, 11, 25). Although the microflora
associated with oral mucositis is not well characterized, a re-
duction in the microbial load of the oral cavity appears to have
some benefit in the treatment of oral mucositis in cancer pa-
tients (2, 6, 22, 24). Currently, no effective U.S. Food and Drug
Administration-approved therapy exists for prevention or
treatment of oral mucositis (14, 18).

We have tested the antimicrobial activity of a synthetic pro-
tegrin analog, IB-367 (RGGLCYCRGRFCVCVGRCONH2),

against representatives of the most prevalent groups of aerobic
oral flora using a modified version of the broth microdilution
method recommended by the National Committee for Clinical
Laboratory Standards (NCCLS) (15, 23). We have also deter-
mined the MICs for multiple strains of aerobic gram-negative
species most commonly associated with oral mucositis (Kleb-
siella, Serratia, Escherichia, and Pseudomonas) and gram-posi-
tive species associated with accompanying complications such
as bacteremia (Streptococcus mitis and Streptococcus sanguis)
or systemic shock (Staphylococcus aureus). In addition, the
ability of IB-367 to reduce the level of the oral microflora in
vivo was determined in a phase I clinical trial performed with
healthy volunteers.

We demonstrate here that IB-367 exhibits properties that
may be vital for effective treatment of oral mucositis: (i) broad-
spectrum antimicrobial activity, (ii) rapid killing, and (iii) a
relative lack of resistance development.

MATERIALS AND METHODS

Bacterial strains. Strains of gram-positive bacteria obtained from the Amer-
ican Type Culture Collection (ATCC; Rockville, Md.) included methicillin-
sensitive S. aureus (MSSA; Smith type; ATCC 19636 and ATCC 29213), methi-
cillin-resistant S. aureus (MRSA; ATCC 33591), vancomycin-sensitive Enterococcus
faecalis (ATCC 29212) and Enterococcus faecium (ATCC 19434), Streptococcus
salivarius (ATCC 7073, ATCC 31067), Streptococcus mitis (ATCC 9811, ATCC
15914), and Streptococcus pneumoniae (ATCC 49619). Gram-negative bacteria
included Acinetobacter calcoaceticus (ATCC 17905, ATCC 23055), Escherichia
coli (ATCC 25922, ATCC 23579), Haemophilus influenzae (ATCC 49247), Kleb-
siella pneumoniae (ATCC 10031, ATCC 9997), Neisseria meningitidis (ATCC
13093), Pseudomonas aeruginosa (ATCC 9027, ATCC 27853, ATCC 39324), and
Serratia marcescens (ATCC 13880). Two strains of C. albicans (ATCC 10231 and
ATCC 90029) were also tested. Additional clinical isolates were obtained from
Patricia Mickelson, Clinical Microbiology Laboratory, Stanford University, Calif.
API test strips (BioMerieux, Hazelwood, Mo.) were used to confirm organism
identities, and strains were stored frozen in 10% glycerol at 280°C.

Media for in vitro assays. Mueller-Hinton broth (MHB), cation-adjusted
Mueller-Hinton broth II, Trypticase soy broth (TSB), and Trypticase soy agar
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(TSA) were purchased in powder form from Becton Dickinson, Cockeysville,
Md., and were prepared in distilled, deionized water. Haemophilus test medium
(HTM) and RPMI medium without NaHCO2 but with 20 mM HEPES and
L-glutamine (0.3 g/liter) were purchased premade from Becton Dickinson and
Sigma Chemical Co. (St. Louis, Mo.), respectively. Blood agar plates (BAPs)
containing TSA with 5% sheep blood added, MacConkey agar plates, Sabouraud
dextrose agar plates, mannitol salt agar plates, and horse blood were purchased
from Hardy Diagnostics, Santa Maria, Calif. Lysed horse blood (LHB) was
prepared by mixing a thawed sampled of frozen blood 1:1 with sterile water,
centrifuging, and adding the supernatant to MHB at 2% as needed for adequate
growth. Liquid Testing Medium (LTM) contained the following: 10 mM phos-
phate buffer (pH 6.5), 1% TSB, and 100 mM NaCl. Phosphate-buffered saline
(PBS) contained 10 mM phosphate (pH 7.4) and 100 mM NaCl.

Reagents. Norfloxacin (95% pure by high-performance liquid chromatography
[HPLC]), vancomycin (1,118 mg/mg), polymyxin B (7,760 U/mg), and gentamicin
(647 mg/mg) were obtained from Sigma Chemical Co., and ciprofloxacin (867
mg/mg) was obtained from Bayer Corporation (Kankakee, Ill.). Human saliva
was obtained from healthy volunteers after brushing. IB-367 was synthesized
in-house with Rink-amide resins, by 9-fluorenylmethoxy carbonyl solid-phase
chemistry, and with an automated peptide synthesizer (model 431A; Applied
Biosystems, Foster City, Calif.). The peptide was cleaved from the solid support
with trifluoroacetic acid and was subsequently folded by using air oxidation. The
peptide was purified by reverse-phase HPLC (Vydac C18 column; 2.2 by 25 cm;
solvent A, 0.1% trifluoroacetic acid in water; solvent B, 0.08% trifluoroacetic
acid in acetonitrile; linear gradient, 21 to 49% solvent B in 30 min; flow rate, 8
ml/min; detection at 214 nm).

In vitro susceptibility testing. MICs were determined by a slightly modified
version of the NCCLS broth microdilution method as described previously (23).
Briefly, antimicrobial agents were prepared as 103 concentrates in the most
appropriate solvent. For IB-367, 0.01% acetic acid containing 0.2% bovine serum
albumin as a carrier protein was used. Vancomycin, polymyxin B, ciprofloxacin,
and gentamicin were dissolved in water, whereas norfloxacin was dissolved in
100% dimethyl sulfoxide and was then serially diluted in water. Inocula were
prepared by resuspending colonies from a BAP in medium and adjusting the
suspension to match that of a 0.5 McFarland standard. The suspension was
diluted into fresh medium (as recommended by NCCLS for the organism) to give
2 3 105 to 7 3 105 CFU/ml for bacteria or 2 3 103 to 7 3 103 CFU/ml for
Candida. After dispensing 100-ml aliquots of the microbial suspension into each
well of a 96-well polypropylene microtiter plate, 11 ml of test compound was
added. The MIC was defined as the lowest concentration of drug which pre-
vented visible turbidity after 16 to 20 h (bacteria) or 46 to 50 h (Candida) at 35°C.
Minimum bactericidal concentrations (MBCs) or minimum fungicidal concen-
trations were determined by transferring 10 ml from each clear well (greater than
or equal to the MIC) onto a BAP. After incubation for 20 h, the MBC was
identified as the lowest concentration that did not permit any visible growth on
the surface of the agar.

Resistance studies. MRSA and P. aeruginosa were harvested from the well
with an IB-367 concentration equal to 0.53 the MIC, diluted to 1 3 105 to 5 3
105 CFU/ml in fresh MHB, and dispensed into microtiter plates as 100-ml
aliquots. Compounds were added as described above, and MICs were deter-
mined daily for up to 18 serial passages. MICs were also determined for cultures
incubated 5 days before serial passage.

Microbicidal assays. Bacteria were grown overnight in TSB (10 ml in a 50-ml
Erlenmeyer flask) at 200 rpm and 37°C to the stationary phase. Stationary-phase
cultures in TSB were centrifuged, resuspended in PBS (MRSA) or LTM (P.
aeruginosa) at 4 3 105 CFU/ml, and then dispensed into polypropylene micro-
centrifuge tubes. Exponential-phase cultures were prepared by diluting an over-
night culture in MHB into fresh MHB (1:1,000) and incubating the culture at 200
rpm and 37°C until an absorbance (at 600 nm) of 0.2 was reached. The culture
was then diluted to 1 3 105 to 4 3 105 CFU/ml in prewarmed MHB, reincubated
to allow two cell doublings, and then dispensed into polypropylene microcentri-
fuge tubes. After addition of the test compounds at a 1/10 volume, the tubes were
incubated without aeration at the appropriate temperature. Fresh human saliva
was mixed 1:1 with peptide (10 mM sodium acetate buffer [pH 5]) or conven-
tional antimicrobial agents (sterile water), and the mixture was then incubated at
37°C without aeration. The numbers of viable CFU were determined by one of
two methods. By the pour plate method, 20-ml aliquots of serial dilutions in
0.87% saline were mixed with approximately 20 ml of tempered (50°C) TSA. By
the spread plate method, 20-ml aliquots of serial dilutions in 0.87% saline were
spread onto the surface of the desired agar plate. Both methods allowed rapid
sampling, minimized drug carryover (i.e., #0.013 the MIC), and precluded the
need for washing of the cells to remove the drug. The plates were incubated for
18 to 24 h at the appropriate temperature, and the colonies were enumerated to
determine the microbicidal effect of the drug.

Phase I clinical trial. The study population consisted of healthy men and
women (ages, 18 to 65 years) who were within 20% of their ideal weight range for
age, height, and frame and who were nonsmokers. Use of antibiotics within 28
days of study entry was not allowed, nor was the use of over-the-counter medi-
cations and commercially available mouthwashes for at least 14 days prior to the
start of the study. In addition, subjects had to be willing and able to refrain from
consuming alcohol- or caffeine-containing foods and beverages during the study.

Subjects were excluded from the study if they had a history of anaphylaxis or
xerostomia or if lesions of the oral mucous membranes were present.

The phase I trial was a multiple-ascending-dose study. The subjects received
3 g of IB-367 gel formulation four times daily for 4 consecutive days. Groups of
six subjects each received a gel formulation containing either 0.3, 1, or 3 mg of
IB-367 per g of gel. The subjects were asked to hold the gel in their mouth
without spitting or swallowing for 5 min. In addition, they were asked not to eat
or drink for 1 h after receiving the study medication. Samples of oral microflora
were taken prior to administration of the first dose and 1 h after administration
of the first dose on days 1, 2, and 4 of treatment. Samples were obtained and the
microbial content was determined by a modified version of an oral washing
method described previously (19). Briefly, the oral cavity was washed with 20 ml
of sterile saline from which 10-fold serial dilutions were made in sterile saline
containing 0.1% Tween 80. The total number of aerobic bacteria present was
determined by plating each dilution onto BAP. The presence of gram-negative
bacteria, staphylococcal species, and yeast was determined by plating 100 ml of
the undiluted sample onto MacConkey agar, mannitol salt agar, and Sabouraud
agar plates, respectively. All agar plates were incubated overnight at 35°C, and
the numbers of viable organisms were determined as the numbers of CFU per
milliliter.

RESULTS

In vitro susceptibility. The MICs of IB-367 and conventional
antimicrobial agents for MRSA and P. aeruginosa in MHB
were determined (Table 1). When a strain of MRSA was tested
in MHB, growth was acceptable and the MIC of IB-367 was 4
mg/ml. When the same strain was tested in MHB plus 2% LHB
or HTM, the MIC of IB-367 increased to 16 mg/ml.

Clinical isolates representing aerobic organisms prevalent in
the oral cavity were tested for their susceptibilities to IB-367
(Table 2). The MICs of IB-367 ranged from 0.13 to 64 mg/ml
for gram-positive bacteria and from 0.06 to 8 mg/ml for gram-
negative bacteria. One exception was S. marcescens, for which
MICs were in the range of 16 to 256 mg/ml. In general, the
MBCs of IB-367 for all organisms were within 1 dilution of the
MICs (data not shown).

Bactericidal activity. The bactericidal activity of IB-367 was
compared to those of conventional antimicrobial agents at
concentrations near their respective MICs. After the addition
of IB-367 to stationary-phase cultures of MRSA (Fig. 1A) or P.
aeruginosa (Fig. 1B), the numbers of viable CFU of both or-
ganisms decreased by 3 log units within 8 min. Polymyxin B
produced a similar, rapid reduction in the numbers of P.
aeruginosa CFU, whereas vancomycin was not bactericidal
against MRSA in this time period. Gentamicin and norfloxacin
required $2 h to effect the same decrease in the numbers of P.
aeruginosa CFU and were completely ineffective against
MRSA at this concentration.

When tested against log-phase cultures of MRSA growing in
MHB, IB-367 reduced the numbers of CFU by 4 log units
within 4 min, whereas gentamicin, norfloxacin, and vancomycin
were completely ineffective, even after 2 h (Fig. 2A). Similar
results were observed for exponentially growing cultures of P.
aeruginosa (Fig. 2B). IB-367 reduced the numbers of CFU

TABLE 1. Comparison of in vitro activity of IB-367 with those of
other antimicrobial agents

Compound

MIC (mg/ml)

MRSA
(ATCC 33591)

P. aeruginosa
(ATCC 9027)

IB-367 4 2
Norfloxacin 0.5 0.25
Gentamicin 1.0 0.5
Vancomycin 1.0 NAa

Polymyxin B NA 0.5

a NA, not applicable.
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more rapidly than either norfloxacin or gentamicin did, and the
reduction achieved with IB-367 was similar to the reduction
achieved with polymyxin B.

Although increasing the concentrations of conventional an-
timicrobial agents to 16 mg/ml improved the reduction in the
numbers of CFU in both log- and stationary-phase cultures of
P. aeruginosa, the reductions did not equal that achieved with
IB-367 (data not shown). In contrast, the higher concentration
did not affect the reduction in the numbers of CFU when the
conventional antimicrobial agents were tested against MRSA.

Microbicidal activity against heterogeneous flora in saliva.
IB-367 exhibited concentration-dependent microbicidal activ-
ity against the oral microflora when it was mixed 1:1 with
pooled human saliva from healthy volunteers (Fig. 3). At 250
mg/ml, IB-367 effected a 4-log reduction in the levels of the
endogenous oral microflora within 2 min, whereas vehicle
alone did not exhibit any antimicrobial effect. When compared
with conventional antimicrobial agents at 1,000 mg/ml, IB-367
reduced the numbers of CFU by .4 log units in 1 min (Fig. 4).
In contrast, tobramycin and ciprofloxacin reduced the numbers
of CFU by 1 log unit after 16 and 60 min, respectively, whereas
vancomycin was essentially ineffective even after 2 h.

Evaluation of resistance. When cultures of MRSA or P.
aeruginosa were serially transferred daily, the MICs of nor-
floxacin increased as much as 32 times, whereas little change
was observed in the MICs of vancomycin, polymyxin B, or
IB-367 (data not shown). In a second study, the incubation
period before subculture was extended from 18 to 20 h to 5
days to enhance the detection of low-frequency mutations that

might engender resistance. Under these conditions, the initial
MICs of norfloxacin for P. aeruginosa and MRSA were slightly
higher (1 and 2 mg/ml, respectively) compared with the MICs
determined after the standard incubation of 18 to 20 h (0.25
and 0.5 mg/ml, respectively). After nine serial transfers, the
MICs of norfloxacin increased 160 times for P. aeruginosa and
320 times for MRSA (Fig. 5). In contrast, the MIC of IB-367
for each strain increased only four times. As before, the MICs
of polymyxin B and vancomycin were relatively unaffected.

Efficacy of IB-367 in reducing oral microflora. IB-367 re-
duced the density of the oral microflora in human volunteers in
a concentration-dependent manner by as much as 1,000 times
(Fig. 6). The 3-mg/g dose reduced the level of gram-negative
bacteria, staphylococcal species, and yeast to undetectable
(,10 CFU/ml) levels in all subjects (Table 3). No serious
adverse effects, no evidence of allergic or anaphylactoid reac-
tions, and no clinically significant changes in vital signs were
observed during the study. In addition, IB-367 remained effec-
tive against mixed oral microflora after repeated exposures
(Fig. 6).

DISCUSSION
In this study, we describe the in vitro and in vivo properties

of IB-367, a synthetic protegrin analog that prompted its de-
velopment as a preventive treatment for oral mucositis. The

FIG. 1. Bactericidal activity of IB-367 against stationary-phase cultures. Af-
ter overnight growth in TSB, stationary-phase cultures of MRSA or P. aeruginosa
were resuspended in either PBS (pH 7.4) (A) or LTM (B). Except for IB-367 (4
mg/ml), all compounds were added at 1 mg/ml, and survivors were enumerated at
the indicated times by the pour plate method. The dashed line represents the
minimum number of CFU per milliliter which could be accurately determined.
GENT, gentamicin; NOR, norfloxacin; VAN, vancomycin; POLY B, polymyxin
B; Vehicle, buffer or medium plus the test organism.

TABLE 2. Broad-spectrum antimicrobial activity of IB-367 against
oral flora by the modified NCCLS broth microdilution methoda

Group and organism
(no. of strains)

Prevalence
range (%)b

MIC range
(mg/ml)

Gram-positive bacteria
Viridans group streptococcic 93–99

S. salivarius (12) 50–75 0.2–5.0
S. sanguis (14) 25–75 4–64
S. mitis (15) 25–75 2–43
S. mutans (3) 25–75 0.7–1.3

Streptococcus spp., group D (6) 90–100 0.25–4
Streptococcus spp. (16)c 1–50 1.3–16
Corynebacterium spp. (5)c 15–90 0.13–0.25
Propionibacterium 11–12 NTd

Staphylococcus spp. (35) 3–70 0.13–4
Lactobacillus 1–37 NT

Gram-negative bacteria
Moraxella spp. (12) 81–97 0.2–0.8
Neisseria sp. (1)c 5–97 8
Haemophilus spp. (15)c 5–35 1–8
Acinetobacter calcoaceticus (4) 5–30 0.06–2
Klebsiella pneumoniae (4) 5 1–5
Pseudomonas aeruginosa (18) 5 1–8
Escherichia coli (5) NAe 0.25–1
Serratia marcescens (16) NA 16–.256

Yeast, Candida albicans (6) 3–6 4–16

a Described in reference 15.
b Adapted from Liljemark and Bloomquist (12).
c Addition of blood products (e.g., 2% LHB or hematin) is required for

acceptable growth.
d NT, not tested.
e NA, not applicable.
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MICs of IB-367 for MRSA (ATCC 33591) and P. aeruginosa
(ATCC 9027) were slightly higher than those of conventional
antimicrobial agents. However, IB-367 exhibited good to ex-
cellent antimicrobial activity against many of the microorgan-
isms associated with the oral cavity, including C. albicans. In
some cases, the elevated MICs may actually represent inter-
ference from the addition of blood products to the growth
medium. Although such supplements are required for ade-
quate growth of several fastidious organisms such as S. mitis
and S. sanguis (2 to 43 and 4 to 64 mg/ml, respectively), they
affect the biological activity of IB-367. Since the MICs in-
creased approximately four times in MHB containing LHB or
HTM, one might consider that the true MIC of IB-367 for
organisms that require these medium supplements may be as
much as four times lower than those reported in Table 1.

Extension of the incubation period from 18 to 24 h to 5 days
prior to subculture of MRSA or P. aeruginosa produced a
substantial increase in the MICs of norfloxacin. However, only
a small increase in the MICs of IB-367 was observed. Such a
low level of resistance is unlikely to be of clinical significance as
the increases in the MICs were negligible compared to the
concentration of IB-367 administered to the oral cavity in
clinical trials. These data demonstrate that the development of
significant resistance of bacteria to IB-367 is highly unlikely,

regardless of the incubation conditions. In contrast, resistance
to conventional antibiotics such as the fluoroquinolones devel-
ops quite easily. Overall, these data imply that the rapid gen-
eration of high-level resistance to IB-367 in clinical use is
unlikely.

The properties of an agent required for successful treatment
of oral mucositis include a broad spectrum of activity, activity
that is not compromised by saliva and that can be achieved
despite a short contact time with the pathogen, and demon-
strated product safety. As described here, IB-367 conforms to
all of these criteria. In addition, we have demonstrated that
IB-367 can significantly reduce the number of bacteria and
yeast that colonize the oral mucosa, a phenomenon previously
demonstrated to reduce the severity of oral mucositis and its
sequelae (24).

Various antimicrobial agents have been evaluated for their
potential to reduce the level of oral mucositis. The narrow-

FIG. 2. Bactericidal activity of IB-367 against log-phase cultures. Exponen-
tially growing MRSA (A) or P. aeruginosa (B) was treated with IB-367 (4 mg/ml)
or other antimicrobial agents at 1 mg/ml. Survivors were enumerated at the
indicated times by the pour plate method. The dashed line represents the min-
imum number of CFU per milliliter which could be accurately determined.
GENT, gentamicin; NOR, norfloxacin; VAN, vancomycin; POLY B, polymyxin
B; Vehicle, buffer or medium plus test organism.

FIG. 3. Microbicidal activity of IB-367 against polymicrobial flora in saliva
from healthy human volunteers. IB-367 (10 mM sodium acetate [pH 5]) was
mixed 1:1 with saliva to give the indicated final concentrations. Vehicle contained
10 mM sodium acetate (pH 5) mixed 1:1 with saliva. At the indicated intervals,
aliquots were spread onto the surfaces of TSA plates containing 10% fetal bovine
serum, and the plates were incubated overnight at 37°C for 48 h prior to enu-
meration of the number of survivors. The dashed line represents the minimum
number of CFU per milliliter which could be accurately determined.

FIG. 4. Comparison of microbicidal activity of IB-367 and conventional an-
timicrobial agents against polymicrobial flora in saliva from healthy human
volunteers. Saliva was mixed 1:1 with test compound (IB-367; 10 mM sodium
acetate [pH 5]; vancomycin [VAN], ciprofloxacin [CIP], or tobramycin [TOB] in
sterile deionized water) to a final concentration of 1,000 mg/ml. Vehicle con-
tained 10 mM sodium acetate (pH 5) mixed 1:1 with saliva. At the indicated
intervals, aliquots were plated onto TSA containing 5% sheep’s blood, and the
plates were incubated overnight at 37°C for 24 h prior to enumeration of the
number of survivors. The dashed line represents the minimum number of CFU
per milliliter which could be accurately determined.
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spectrum antimicrobial agents evaluated in clinical studies in-
clude clindamycin (6) and nystatin (7), both of which failed to
change the local course or modify the systemic sequelae of oral
mucositis. Chlorhexidine, a broad-spectrum microbicide, was
initially shown to reduce the severity of mucositis as a compli-
cation of bone marrow transplantation in a single-center study
(8). The efficacy of chlorhexidine was not, however, confirmed
in a subsequent study in patients undergoing bone marrow
transplant (7, 27) or in patients experiencing oral mucositis as
a complication of radiation therapy (20). One possible expla-
nation for these negative results is inactivation of chlorhexidine

by saliva, resulting in a failure to achieve a reduction in the
microbial burden in the mouth (20).

Higher concentrations of IB-367 were required for effective
reduction of the heterogeneous oral flora in pooled normal
human saliva. The presence of many negatively charged glyco-
proteins such as mucin in saliva may bind to the positively
charged peptide, rendering it less bioavailable (1, 16). In ad-
dition, the increased microbial density in saliva (ca. 5 3 107

CFU/ml) has a substantial inoculum effect on the MIC. How-
ever, the levels of IB-367 required for effective reduction of the
numbers of CFU (250 to 1,000 mg/ml) are readily achieved in
topical formulations of the peptide, as demonstrated by the
significant reduction in the oral microflora of human volun-
teers.

In a multicenter study of patients receiving radiation ther-
apy, administration of chlorhexidine was found to increase oral
discomfort compared to administration of a placebo (10). That
study was stopped prematurely after interim analysis demon-
strated increased oral toxicity. In contrast, the current phase I
study of IB-367 demonstrated that the 3-mg/g dose was well
tolerated and showed no serious adverse effects. It should also
be noted that plasma IB-367 concentrations were below the
limit of detection by HPLC-mass spectrometric analysis (,16
ng/ml), indicating little or no systemic absorption of the com-
pound (data not shown).

Conventional antibiotics such as tobramycin or vancomycin
have also been used in topical applications for the treatment of
oral mucositis with limited success (2, 22). Even at concentra-
tions 1,000 times higher than their MICs, tobramycin, vanco-
mycin, and ciprofloxacin were incapable of exhibiting the rapid
reduction in the numbers of CFU in saliva demonstrated by
IB-367. These data suggest that IB-367 may offer substantial
advantages over conventional antimicrobial agents that require
bacterial growth or a longer period of exposure.

IB-367 is a potent, broad-spectrum, rapidly microbicidal
agent with superior performance in saliva compared with those
of conventional antimicrobial agents and is capable of reducing
the prevalence of the oral microflora in humans. IB-367 is
currently in phase II clinical trials for the prophylaxis of oral
mucositis in bone marrow transplant patients undergoing ab-
lative chemotherapy.
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