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H

elicobacter pylori is the causative agent of peptic ulcer and
gastric carcinoma (1). According to the Centers for Disease
Control and Prevention, roughly every other person carries the
pathogen, and there are an estimated 500,000 cases annually of
active infection in the United States (2). Initial treatment is triple
therapy, consisting of a proton pump inhibitor and broad-spectrum antimicrobials (usually amoxicillin and clarithromycin), or
quadruple therapy, where bismuth is added to the triple therapy.
According to a recent meta-analysis of clinical trials comparing
triple versus quadruple therapies, 22% of patients were not cured
by these two first-line treatments (3). Also of notable concern is
the high degree of resistance that develops during the course of
triple therapy (4, 5). Remarkably, antibiotic resistance occurred
during the course of treatment in 70.6% of treatment failures (12
out of 17 subjects) (5). Worldwide resistance of H. pylori to clarithromycin and metronidazole is also increasing, which will translate into additional treatment failure (6–9). Furthermore, these
aggressive therapies often have severe side effects, resulting in
poor patient compliance. Considering the total number of cases,
the rate of treatment failure is unacceptably high, and H. pylori is
emerging as one of the most significant drug-resistant pathogens.
The current use of multiple broad-spectrum antibiotics to treat
H. pylori infections was born of necessity, as monotherapies were
ineffective (10, 11). H. pylori lives in close association with the
gastric epithelium, and the immune system has a limited role in
this environment. This makes H. pylori different from other
pathogens, where partial suppression or stasis of the infection is
often sufficient to cure, since the immune system eradicates the
remaining bacteria. For H. pylori, complete eradication of the
pathogen is required for successful treatment. Triple therapy, first
developed in 1989, resulted in an effective long-term cure (12),
and since then many other empirical therapies have followed suit
(13). Conceptually, there is no reason why multiple broad-spectrum agents should be required, as the infection is caused by a
single pathogen, the urease breath test makes diagnosis unambig-
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uous, and recent advances in pharmacokinetic and pharmacodynamic modeling enable the prediction of doses sufficient to suppress development of resistance (14). Now, there is an increasing
appreciation for the harmful effects that antibiotics have on the
commensal microbiome (15), yet the development of targeted
agents against H. pylori infection has lagged behind.
The current approach to treat H. pylori infection utilizes
broad-spectrum antibiotics from the existing antimicrobial armamentarium. These antibiotics act against conserved essential targets and have a fairly broad spectrum of activity. Transposon
mutagenesis identified 344 essential genes in H. pylori, and approximately one-quarter of them are unique to this organism
(16). The high number of unique essential genes in H. pylori is
likely a consequence of the bacterium exploiting a highly specialized niche in close association with epithelial cells of the stomach
(17). This provides ample opportunities to discover new antibiotics with a high degree of selectivity for the pathogen. We reasoned
that it should be possible to discover compounds acting specifically against H. pylori in standard commercial compound libraries
that have failed to produce any useful broad-spectrum antimicrobials. We developed a high-throughput screen to identify molecules with activity against H. pylori and prioritized compounds
that lacked activity against other bacteria, including gut commensals. Here, we describe the activity and selectivity of the
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A high-throughput screen (HTS) was performed to identify molecules specifically active against Helicobacter pylori, the causative
agent of peptic ulcer and gastric carcinoma. Currently, treatment of H. pylori infection is suboptimal, with failure rates approaching 25%, despite triple therapy with two broad-spectrum antibiotics and a proton pump inhibitor or quadruple therapy
with added bismuth. The HTS was performed in 384-well plates, and reduction of the metabolic indicator resazurin was used as
a reporter for cell growth. Diverse molecules from commercial sources were identified as hits, and in vitro validations included
measurements of MIC and time-dependent killing as well as anaerobic susceptibility testing against a panel of gut microbes. In
vivo validation included testing in the mouse model of H. pylori infection. The small molecule HPi1 (3-hydrazinoquinoxaline-2thiol) had excellent potency, with an MIC of 0.08 to 0.16 g/ml and good selectivity for H. pylori compared to a panel of commensal bacteria. HPi1 was also effective in a mouse model of H. pylori infection, reducing colony counts to below the limit of
detection after oral dosing of 25 mg/kg/day for 3 days. HPi1 is a promising lead in the search for more effective and specific H.
pylori therapeutics.

Gavrish et al.

small molecule 3-hydrazinoquinoxaline-2-thiol (HPi1) against
H. pylori.
MATERIALS AND METHODS

3256

aac.asm.org

Antimicrobial Agents and Chemotherapy

Downloaded from http://aac.asm.org/ on December 10, 2018 by guest

Bacterial strains and growth conditions. Eleven clinical isolates of H.
pylori (18) and strains ATCC 43504 and SS1 (19) were used in this study.
Clinical isolates were obtained from AstraZeneca (Waltham, MA). H.
pylori and Campylobacter jejuni ATCC 33291 were grown overnight in
brucella broth (Thermo Fisher Scientific, Waltham, MA) with 10% fetal
bovine serum (FBS; American Type Culture Collection, Manassas, VA) in
vented 25-cm2 tissue culture flasks. The addition of Skirrow’s (20) selective medium supplement [vancomycin (10 g/ml), trimethoprim (5 g/
ml), and polymyxin B (2.5 IU/ml)] was optional and did not affect susceptibility testing. Flasks were incubated at 37°C and 10% CO2 overnight
and diluted prior to each experiment. Bacteroides fragilis ATCC 25285,
Bacteroides thetaiotaomicron ATCC 29148, Staphylococcus aureus NCTC
8325-4, Streptococcus mutans ATCC 700610, Escherichia coli ATCC
700927, Enterococcus faecalis ATCC 47077, and Clostridium perfringens
ATCC 13124 were cultivated in brain heart infusion broth (Becton, Dickinson, Franklin Lakes, NJ) supplemented with 5 g/liter yeast extract (Acros Organics, Morris Plains, NJ), 15 mg/liter hemin (Sigma-Aldrich, St.
Louis, MO), and 1 g/liter cysteine (Sigma-Aldrich, St. Louis, MO). Bifidobacterium longum ATCC BAA-999, Lactobacillus casei ATCC 334, and
Lactobacillus reuteri ATCC 23272 were cultivated in MRS broth (Oxoid,
Hampshire, United Kingdom) supplemented with 1 g/liter cysteine. Clostridium difficile CD196 was cultivated in Schaedler anaerobe medium
(Oxoid, Hampshire, United Kingdom). Prior to each experiment, all
strains except Helicobacter and Campylobacter species were grown overnight at 37°C in an anaerobic chamber (Coy Lab Products, Grass
Lake, MI).
Antibacterial agents. Clarithromycin, amoxicillin, and vancomycin
(Sigma-Aldrich, St. Louis, MO) were dissolved as 10 g/liter stock solutions
in dimethyl sulfoxide (DMSO). 3-Hydrazinoquinoxaline-2-thiol, referred to as HPi1, was dissolved as 10 g/liter stock solutions in DMSO.
HPi1 and other small molecules were from the ChemBridge DIVERSet
library (ChemBridge, San Diego, CA). HPi1 structure was verified using
nuclear magnetic resonance, and purity was determined to be ⬎95% with
liquid chromatography-mass spectrometry. For animal studies, HPi1 was
dissolved in oral gavage solutions containing final concentrations of 75%
polyethylene glycol 400, 20% phosphate-buffered saline, and 5% DMSO,
which were made fresh each day.
IC50 dose responses. H. pylori strain 43504 was grown overnight in
brucella broth containing Skirrow’s selective medium supplement and
10% FBS. Cultures were grown in vented 25-cm2 tissue culture flasks in a
10% CO2 incubator at 37°C. Dilutions of clarithromycin, amoxicillin, and
HPi1 were made in 35 l brucella broth with 10% FBS and Skirrow’s
supplement using an HP D300 digital dispenser (Tecan, Morrisville, NC)
in 384-well black-bottom microtiter plates (Corning Inc., Corning, NY).
Antibiotics were dissolved in DMSO, and the final concentration of
DMSO in each well was 0.5%. A 35-l portion of a 1:10 dilution of an
overnight culture of H. pylori was added to each well using a WellMate
(Thermo Fisher Scientific, Waltham, MA) liquid dispenser. Plates were
incubated for 24 h, and 20 l of 2.25 mM resazurin was added to each well.
Plates were incubated for an additional 3 h, and resazurin reduction was
measured using a BioTek Synergy Mx (BioTek, Winooski, VT) plate
reader according to the manufacturer’s instructions. The curves for the
50% inhibitory concentration (IC50) were generated using XLFit software
(IDBS, London, United Kingdom).
Susceptibility tests. The MICs for H. pylori were determined by agar
dilution. H. pylori strains were grown on brucella agar plates supplemented with 7% defibrinated sheep blood for 2 days. Colonies were gathered from the plate, and cells were diluted to approximately 106 CFU per
ml in brucella broth supplemented with 10% FBS. Five microliters of this
bacterial suspension was used to inoculate brucella agar plates with 7%
defibrinated sheep blood containing 2-fold serial dilutions of test com-

pounds. The plates were incubated at 37°C for 4 to 6 days in a 10% CO2
incubator. MICs were also determined by broth microdilution. Strains
were grown overnight at 37°C with shaking (110 rpm) in an anaerobic or
hypoxic chamber. Each culture was diluted to an approximate density of
5 ⫻ 105 CFU/ml in the appropriate medium. Drug plates were prepared
by aliquoting 2-fold serial dilutions of HPi1 dissolved in DMSO into
clear-bottom 96-well plates. Bacterial cultures were added to each 96-well
drug plate such that the final volume was 200 l. Plates were incubated at
37°C for 24 h, and the MIC was determined visually. Final HPi1 concentrations ranged from 0.1 to 50 g/ml, and the MIC was determined to be
the lowest concentration which resulted in no turbidity.
Time-dependent killing of H. pylori by HPi1. A frozen stock of H.
pylori (ATCC 43504) was streaked onto brucella blood agar plates and
incubated for 2 days at 37°C with 10% CO2. H. pylori was subcultured into
vented 25-cm2 tissue culture flasks containing 10 ml of brucella broth with
10% FBS and incubated for 24 h in a hypoxic chamber (Coy Lab Products,
Grass Lake, MI) with 5% O2 and 5% CO2. The culture was diluted 1:10 in
fresh medium and incubated for an additional 24 h. The optical density of
the culture was adjusted to 0.02 using fresh medium, and 5 ml of the
suspension was added to individual wells of 6-well microtiter plates. The
microtiter plates contained various concentrations of HPi1 based on multiples of the MIC, which was determined to be 0.16 g/ml under these
conditions. The cultures were incubated at 37°C with shaking and at various time points, 50 l samples were removed, serially diluted, and plated
on brucella blood agar plates. Plates were incubated microaerobically for
4 to 6 days, and viable counts were determined by counting the colonies in
the highest possible dilution for each drug and time point.
In vitro pharmacokinetic profiles of HPi1. Ninety-six-well platebased assays were performed as previously described (21). Solubility of
HPi1 was determined in a physiologically relevant buffer (system solution
buffer, pH 7.4; pION Inc., Woburn, MA) after an 18-h room temperature
incubation. After filtration, quantification of soluble HPi1 was determined by UV absorbance (230 to 500 nm). Using rapid equilibrium dialysis (Thermo Scientific, Rockford, IL), human plasma protein binding
was determined using a modified method established by Waters and colleagues (22). HPi1 (10 M) was incubated in human plasma (Innovative
Research Inc.; Novi, MI) for 4 h and after acetonitrile-mediated protein
precipitation and filtration, quantification of unbound/free HPi1 was determined by liquid chromatography mass spectroscopy (21, 22). Liver
microsome stability was determined using a modified version of a previously described method (23). Briefly, HPi1 was incubated with human or
mouse liver microsomes (20 mg/ml; BD Gentest, Woburn, MA) for 0, 15,
30, 60, 120, and 240 min. After centrifugation, quantification of HPi1 in
the supernatant was determined using liquid chromatography-mass spectroscopy. HPi1 half-life was determined using a least-squares fit of the
multiple time points based on first-order kinetics (21, 23, 24). Permeability was determined using previously described methods (21). Quantification of HPi1 that permeated a parallel artificial membrane permeability
assay (pION, Woburn, MA) was determined by UV absorbance (230 to
500 nm). All assays were performed in triplicate, and the data reported
here are based on two independent runs.
Mouse model of H. pylori infection. This model has been previously
described (19, 25). Briefly, 6- to 8-week-old adult specific-pathogen-free
female C57BL/6 mice were obtained from Jackson Laboratories. Five mice
were housed per cage and allowed to acclimate for at least 72 h after their
arrival. After acclimatization, animals were inoculated by gavage, three
times over 1 week, with 0.2 ml of an H. pylori SS1 suspension (⬃108
CFU/dose). The following week, animals were dosed with experimental
compounds or the mouse equivalent of BMT triple therapy (6.15 mg/kg
bismuth subcitrate, 50 mg/kg tetracycline, and 22.5 mg/kg metronidazole), known to eradicate the infection in humans (26). The vehicle used
for HPi1 and control groups was a solution containing 75% polyethylene
glycol 400, 20% phosphate-buffered saline, and 5% DMSO. Dosing was
performed once a day for 3 days by oral gavage. On day 4, stomachs were
harvested, weighed, and homogenized, and H. pylori SS1 burden was de-
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FIG 1 Structure of HPi1 (3-hydrazinoquinoxaline-2-thiol).

RESULTS

H. pylori is a fastidious microaerophile which grows inconsistently
in microtiter plates. Growth of H. pylori was optimized for 384well microtiter plates in order to screen diverse chemical libraries
for molecules which directly inhibit the pathogen. Resazurin, a
metabolic indicator of viability, was used as a reporter for growth.
Live cells reduced the dark blue dye resazurin into resorufin, a
bright pink fluorescent compound. Measuring the increase of resorufin fluorescence allowed us to monitor the growth of H. pylori
after a single day of incubation and was highly reproducible, unlike optical density measurements, which were considerably less
reliable. When clarithromycin was used as a positive control to
emulate a hit, the Z factor (an HTS screening window coefficient,
which is an indicator of signal dynamic range and data variation)
was 0.7, indicating that conditions were suitable for highthroughput screening (27). A small pilot screen of approximately
30,000 molecules from the ChemBridge diversity library yielded
several hits that appeared as effective as the positive control. Dose
response prioritization yielded one molecule, HPi1 (Fig. 1), with
excellent potency according to resazurin dose response assays
(Fig. 2). The IC50 for HPi1 was 0.24 ⫾ 0.11 M, comparable to the
broad-spectrum antibiotics clarithromycin (0.04 ⫾ 0.01 M) and
amoxicillin (0.08 ⫾ 0.04 M). To confirm the results of the resazurin assay, agar dilution MIC testing was performed against a
panel of H. pylori clinical isolates. The MIC against H. pylori isolates ranged from 0.002 to 0.032 g/ml (0.01 to 0.17 M) in the
agar dilution assay (Table 1). These tests also revealed that
HPi1 was effective against the clarithromycin-resistant strains
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FIG 2 Dose responses of clarithromycin, amoxicillin, and HPi1 against H.
pylori ATCC 43504 in a resazurin growth inhibition assay.

ARHp172 and ARHp246 (Table 1). The high potency against H.
pylori was encouraging and suggested a specific interaction between HPi1 and its target. In comparison, nonspecific antimicrobials, such as membrane-acting detergents and DNA binding
agents, typically do not yield submicrogram potency.
To further characterize the effect of HPi1 on H. pylori, broth
dilution MIC and time-dependent killing experiments were performed. H. pylori was grown in a hypoxic chamber, and the MIC
for HPi1 under these conditions was determined to be 0.08 to 0.16
g/ml. This concentration was 20-fold higher than the agar dilution MIC, and the increased MIC may be due to an inoculum
effect (28). Growing cultures of H. pylori were exposed to various
concentrations of HPi1 (1-, 5-, and 10-fold the MIC). At various
time points, samples were taken and plated to determine the viable
cells present in each culture. A concentration of 1.6 g/ml (10⫻
the MIC of HPi1), was found to cause a 99% reduction in viable
counts after 3 h, and no recoverable colonies were present after 6 h
of exposure (Fig. 3). Similar levels of killing were caused by 5⫻ the
MIC of HPi1, although killing was delayed compared to 10⫻ the
MIC. A concentration of 0.8 g/ml caused a 99.9% reduction in
colony counts after 6 h, and 12 h of exposure was sufficient for
viable counts to drop below the limit of detection (Fig. 3). No

TABLE 1 Agar dilution MIC of HPi1 for a panel of H. pylori clinical
isolates
MIC (g/ml)
H. pylori strain

HPi1

Clarithromycin

ATCC 43504
SS1
ARHp18
ARHp23
ARHp48
ARHp49
ARHp136
ARHp143
ARHp172
ARHp182
ARHp192
ARHp209
ARHp246

0.004–0.008
0.002–0.004
0.016–0.032
0.004–0.008
0.004–0.016
0.008–0.016
0.004–0.016
0.008–0.016
0.004–0.016
0.004–0.008
0.004–0.016
0.004–0.016
0.008–0.032

0.016–0.032
0.008–0.016
0.008–0.016
0.016–0.064
0.016–0.032
0.016
0.032
0.016
⬎0.5
0.016–0.032
0.008–0.016
0.064
⬎0.5
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termined by plating dilutions on H. pylori selective medium as described
above (20). The presence of H. pylori infections were confirmed in initial
experiments using histopathology (Giemsa staining). Histopathology was
performed by the Experimental Pathology Laboratory Service Core at
Boston University School of Medicine. Statistical significance was determined using a nonparametric Kruskal-Wallis test with Dunn’s multiple
comparisons. Statistical analyses were performed using GraphPad Prism
(La Jolla, CA), and a P value of less than 0.05 was considered statistically
significant. Animal use was in compliance with the Animal Welfare Act,
the Guide for the Care and Use of Laboratory Animals, and the Office of
Laboratory Animal Welfare. The animal care and use protocol was reviewed and approved by the Institutional Animal Care and Use Committee at Boston University School of Medicine.
PCR. Colony PCR and sequencing with H. pylori-specific primers for
16S rRNA genes were used to confirm the identity of H. pylori colonies
growing on selective agar from the animal experiments. Colonies from
representative plates were added to 50 l of PCR mixtures containing the
primers Hp1 (5=-TGGAGAGACTAAGCCCTCC) and Hp2 (5=-ATTACT
GACGCTGATTGTGC). Cycles of melting, annealing, and extension were
performed at 95°C for 30 s, 49°C for 30 s, and 72°C for 2 min using a
thermocycler (Bioer, Hangzhou, China). The amplified DNA fragments
were sequenced (Genewiz, South Plainfield, NJ) and compared using the
BLAST database of 16S rRNA gene sequences to confirm the presence or
absence of H. pylori.
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pylori ATCC 43504 were left untreated or exposed to HPi1 at 0.16 g/ml, 0.8
g/ml, and 1.6 g/ml, which are equal to 1⫻, 5⫻, and 10⫻ the MIC, respectively. Samples were removed, serially diluted, and plated to determine the
viable counts for each starting culture and after 3, 6, 12, 18, 24, and 48 h of
exposure to HPi1. The x axis is the limit of detection, and standard deviations
are indicated by the error bars.

killing but a brief period of stasis was detected upon exposure of
cultures to 1⫻ the MIC of HPi1 (Fig. 3).
A high degree of specificity is also a desirable trait for antibiotics targeting H. pylori. To assess specificity, HPi1 was tested for
activity against a panel of gut bacteria using broth microdilution
MIC assays. HPi1 lacked activity against most bacteria in the
panel, including the gut commensals Lactobacillus casei, Lactobacillus reuteri, and Bifidobacterium longum (Table 2). HPi1 had
some activity against the Bacteroides species, but at concentrations
at least 18-fold higher than the H. pylori MIC. More potent activity
was detected for Campylobacter jejuni, a close relative of Helicobacter genus, with an MIC of 0.3 g/ml.
PubChem and ChemBank database searches revealed that
HPi1 had been tested in numerous other high-throughput screens
against diverse molecular and cell-based targets and was largely
inactive, with no promiscuous or cytotoxic effects detected (29,
30). HPi1 was inactive in a variety of assays, including those targeting siderophore biosynthetic enzymes, DNA helicase, the
CapD enzyme of B. anthracis, viral replication, actin polymerization, angiogenin RNase, the gene for the cyclin reporter Cdh1, the
gene for the cyclin reporter cyclin B, E. coli FtsZ GTPase activity,
eIF4G or eIF4E binding, mouse hemangioendothelioma endothelial cell proliferation, endoplasmic reticulum (ER) stress and
apoptosis, herpes simplex virus (HSV) polymerase binding, lipid
transfer, methyltransferase activity, Neu oncogene proliferation,
proteasome inhibition, protein degradation, Pseudomonas cell
wall synthesis, sulfur assimilation, tumor necrosis factor alpha
(TNF-␣) necrosis, and Toxoplasma invasion (29, 30).
The physicochemical and pharmacological properties of HPi1
were studied using a panel of in vitro assays to assess its potential
for further advancement. This included determining the aqueous
solubility (19 g/ml), human plasma protein binding (93%
bound), stability with human liver microsomes (half-life [t1/2] ⫽
1.3 h) and the ability to passively permeate membranes using the
PAMPA assay (27 ⫻ 10⫺6 cm/s). These are good properties, especially considering that that the compound is an unoptimized hit.
The association of the pathogen with gastric epithelium may require antimicrobial action from both the lumen of the stomach
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DISCUSSION

Novel and more effective approaches are needed to eradicate H.
pylori and limit the spread of resistance. One approach is to identify chemotypes that act specifically against this pathogen without
collateral damage to the beneficial host microbiota. We developed
a high-throughput screen to find inhibitors of H. pylori growth.
Hits were prioritized for selectivity against H. pylori by counterscreening against other bacteria present in the gastrointestinal
tract. One molecule, HPi1, displayed good potency and was found
to be effective in a mouse model of H. pylori infection.
There are considerable advantages for the discovery phase and
for a resulting therapy identified using this selective approach. A
major problem in HTS-based discovery is the very large background of promiscuous and toxic compounds, such as detergents,
DNA binders, and general inhibitors of metabolism. These compounds were eliminated from further consideration by prioritizing molecules that lack activity against other bacteria, including
bacteria present in the gut flora. Most known classes of antibiotics
have a broad spectrum of activity, and these compounds are unlikely to be rediscovered using a selective approach. Mechanism-

TABLE 2 Broth microdilution MIC of HPi1 for a panel of
microaerophilic and anaerobic bacteria
Species

Strain

HPi1 MIC (g/ml)

Helicobacter pylori
Campylobacter jejuni
Bacteroides fragilis
Bacteroides thetaiotaomicron
Bifidobacterium longum
Lactobacillus casei
Lactobacillus reuteri
Staphylococcus aureus
Streptococcus mutans
Escherichia coli
Enterococcus faecalis
Clostridium perfringens
Clostridium difficile

ATCC 43504
ATCC 33291
ATCC 25285
ATCC 29148
ATCC BAA-999
ATCC 334
ATCC 23272
NCTC 8325-4
ATCC 700610
ATCC 700927
ATCC 47077
ATCC 13124
CD196

0.08–0.16
0.3
1.5
3.1
⬎50
⬎50
⬎50
⬎50
⬎50
⬎50
⬎50
25
⬎50
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FIG 3 Time-dependent killing of H. pylori by HPi1. Growing cultures of H.

and the vasculature. The ability of HPi1 to permeate membranes is
a good indication that the compound will attack the pathogen
from both the lumen and the tissue sites.
Due to the high selectivity of HPi1 against H. pylori and its
good in vitro pharmacokinetic properties, we turned to a mouse
model of infection to determine whether HPi1 was effective in
vivo. This model uses SS1, a mouse-adapted strain, and mimics H.
pylori infection in humans. Giemsa staining histopathology confirmed an abundance of H. pylori in the stomach tissue of infected
mice (Fig. 4a). After the infection was established, various doses of
HPi1 were delivered orally once a day for 3 days, and the effects
were compared to those obtained with vehicle controls or a
mouse-adapted version of triple therapy (BMT). No adverse effects were detected in mice dosed with HPi1 or BMT. One day
following the last treatment, mouse stomachs were aseptically dissected, weighed, homogenized, and plated for H. pylori colony
counts. HPi1 was found to decrease colony counts below the limit
of detection at doses of 25 or 50 mg/kg/day, which were as effective
as BMT triple therapy (Fig. 4b). Dosing with 12.5 mg/kg/day also
caused significant reductions in colony counts compared to untreated controls (P ⬍ 0.05).
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dependent toxicity is also unlikely for a selective antimicrobial for
which the target is not present in humans. Furthermore, as a selective compound should not harm the gut microbiota, the common side effect of antibiotic-induced diarrhea may be avoided.
Compound selectivity will also limit the acquisition and spread of
resistance compared to broad-spectrum antibiotics.
HPi1 has a low molecular weight (192 g/mol), a good calculated octanol-water partition coefficient (0.8), and acceptable
pharmaceutical properties as determined in our in vitro pharmacokinetic assays, and it displays potent in vivo efficacy. These results suggest that it is a viable lead for future medicinal chemistry
efforts. PubChem (ID 781248) and ChemBank (ID 1915279)
searches performed on HPi1 revealed that this compound was
tested in 27 target or cell-based screens and was largely inactive.
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of Vibrio cholerae chromosome II when tested at 16.6 g/ml (31),
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Taken together, these data support the high degree of selectivity
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