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Introduction
 Amixicile (AMIX) is a second generation derivative 
of nitazoxanide (NTZ) that is in early stages of clinical develop-
ment for treatment of infections caused by Clostridioides (Clos-
tridium) difficile (CDI) [1-3]. NTZ is a US Food and Drug 
Administration (FDA)-approved treatment for intestinal infec-
tions caused by Giardia and Cryptosporidium and shows some 
efficacy in humans for treatment of C. difficile infections [4-6]. 
However, NTZ has several pharmacologic shortcomings (poor 
pharmacokinetics and drug metabolism) and worrisome “off 
target” activities that limit its potential [5-11]. Amixicile 
(AMIX), like NTZ, inhibits the essential enzyme pyruvate: 
ferredoxin oxidoreductase (PFOR) and related members of the 
α-keto-acid oxidoreductase family found in obligate anaerobic 
bacteria, anaerobic human intestinal parasites, and in members 
of the epsilonproteobacteria (Campylobacter and Helicobacter) 
[1,3,12]. This target is not found in humans, mitochondria or in 
aerobic and facultative anaerobes which utilize pyruvate dehy-
drogenase (PDH) in the catabolism of pyruvate [1,12]. In 
contrast to NTZ, AMIX is a systemic (efficiently absorbed) 
compartmentalized therapeutic that is slowly eliminated via the 
renal system and is not excreted in feces and exhibits no effect 
on the gut microflora of healthy mice [2]. Importantly, by replac-

ing the acetyloxy group on the benzene ring of NTZ with propyl-
amine (Figure 1), PFOR target specificity is improved while 
drug metabolism and noted “off target” activities are eliminated 
[1-3]. This review provides an update on AMIX, its novel mode 
of action, antimicrobial spectrum, and potential clinical use in 
management of chronic anaerobic infections, including prophy-
laxis and prevention of CDI. 

Amixicile may Escape Mutation-Based Drug Resistance
  One of the greatest challenges to development of any 
new class of antimicrobials is finding drug targets and inhibitory 
mechanisms capable of escaping the inevitable development of 
antibiotic resistance. The vast majority of synthetic antimicrobi-
als are often defeated by mutation-based drug resistance [13]. 
One of the fundamental questions we addressed early on with 
the PFOR drug target is why “Mother Nature” had not found this 
target? While anaerobe-selective therapeutic metronidazole 
(MTZ) (Figure 1) is reductively activated by the reduced 
ferredoxin component of PFOR [14], no other inhibitors, natural 
or synthetic, have been found to interfere with the catalytic 
mechanism of this enzyme. Interrogation of the NTZ structure 
(Figure 1) revealed the 5-nitrothiazole moiety was responsible 
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for biological activity and that a wide variety of heterocyclic  
tail compounds could replace the benzene ring of NTZ [3,15]. 
These studies determined that the 5-nitrothiazole of NTZ and 
AMIX is anionic under physiological conditions and it is the 
nitro-anion (Figure 2) that abstracts a proton (hydrogen ion) 
from the activated vitamin B1 cofactor (thiamine pyrophos-
phate, TPP) of PFOR [3,12,15]. The kinetics of proton abstrac-
tion can be followed spectrophotometrically and kinetic studies 
revealed that NTZ/AMIX were over two orders of magnitude 
more efficient than pyruvate in binding activated TPP [12]. 
Proton abstraction inactivates the catalytic cycle of PFOR, 
prevents conversion of pyruvate to CO2, Acetyl CoA and 
reducing equivalents, and is dependent on a functional enzyme 
and vitamin cofactor [12]. Several caveats that make PFOR an 
attractive drug target are: 1) it is a highly conserved ancient 
enzyme; 2) the amino acids associated with TPP function are 
conserved among the entire family of PFOR enzymes (Figure 
2), regardless of the number of subunits composing the holoen-
zyme; 3) these enzymes are essential for viability; and 4) TPP is 
uniquely bound and contorted within the catalytic pocket, a 
feature not found with TPP in other enzymes such as PDH 
[1,3,12,15]. The “perfect storm” for this target and inhibitory 
mechanism is that mutations to the enzyme are lethal and muta-
tions that alter TPP, itself a small molecule, are also considered 
to be functionally lethal (12). Laboratory selections for NTZ or 
AMIX resistant mutants from C. difficile, Treponema denticola, 
Porphyromonas gingivalis or even Helicobacter pylori have not 
delivered any mutants [1,2,3,14,16,17]. Importantly, there 
appear to be no reports of drug resistance from clinical use of 
NTZ or among laboratory collections of anaerobic bacteria that 
includes species of Bacteroides and Clostridium [8]. Based on 
in vitro MIC testing, AMIX and NTZ are equally potent against 
both Gram negative and positive bacteria suggesting these 
small molecules efficiently enter bacteria. For most antibiotics, 
their lethal effect is thought to provide a powerful selective 
pressure, enabling outgrowth of drug resistant variants. In 
contrast, the phenotype for the inhibitory effect of AMIX on 
susceptible bacteria is one of starvation, resembling that caused 
by growth in a nutrient deficient environment. Bacteria stop 
growing and eventually die. 

Cross Resistance
  We have found no cross-resistance with MTZ, as 
MTZ-resistant strains of C. difficile and Bacteroides fragilis 
retain susceptibility to AMIX, which might be important in the 
future as MTZ-resistance in the anaerobes is a growing 
problem. Our studies have not fully ruled out the possibility that 
second-site mutations that, for example, alter PFOR expression 
levels or activate compensatory metabolic pathways might 
increase drug resistance (a form of drug tolerance), much like 
upregulation of efflux pumps contributes to quinolone 
resistance [2].  Preliminary studies with MTZ-resistant strains 
of H. pylori suggest a compensatory metabolism strategy (toler-
ance) that is dependent on loss of function mutations to the 
RdxA MTZ-reducing nitroreductase and not in the PFOR 
enzyme [2,19,20]. It is noteworthy that because MTZ is highly 
mutagenic and selective, forward mutation to MTZ-resistance 
can readily be selected from susceptible strains exposed to 
MTZ, while the reverse (exposure to NTZ or AMIX) does not, 
consistent with the absence of a selectable phenotype [14,21]. 

Pharmacokinetics, ADMET and Tolerability
 While antimicrobials are generally active against 
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microbes in the micromolar range, they are administered at 
relatively high concentrations (100 mg to several grams per 
day). With systemic antimicrobials, absorption and serum 
levels above the minimal inhibitory concentration (MIC) are 
crucial for therapeutic efficacy. AMIX is efficiently absorbed 
and in two studies, one in rats and one in mice, AMIX was 
found to achieve good AUC/MIC, a Cmax essentially of infinity 
(oral administration) and slow renal elimination and in drug 
tolerance studies AMIX was well tolerated at 300 mg/kg (24 
grams per dose in human equivalents) in rats and mice [2]. 
Unlike NTZ, AMIX was not metabolized by human, dog or rat 
liver microsomal fractions and showed no toxicity to various 
mammalian cell lines [2]. While AMIX was weakly positive by 
Ames test (similar to NTZ), the genotoxicity studies were 
negative [2]. In serum binding assays, AMIX exhibited an order 
of magnitude less serum binding than NTZ and in contrast to 
NTZ, AMIX potency was unaffected by increasing serum 
concentrations in MIC tests [1,2,16]. Given the absence of “red 
flags” in preclinical development, the next stage of pre-IND 

Figure 1. Chemical structures. Amixicile was derived from NTZ 
by replacing the OAc group with propylamine.  Primary amines 
are thought to improve absorp�on by Gram nega�ve bacteria. 
Metronidazole is a redox ac�ve prodrug that is ac�vated by 
nitroreduc�on via the ferredoxin component of PFOR. 

Figure 2.  Mode of Ac�on for AMIX.  Within the PFOR ac�ve 
center, the indicated carbon (arrow) in the thiazole ring of TPP 
is converted to a carbanion (where pyruvate binds) by transfer 
of the proton to the N4’ pyrimidine of TPP.  The anionic 5-nitro 
anion of AMIX and NTZ is a�racted to the N4’ proton of the 
aminopyrimidine [3]. Proton abstrac�on results in inac�va�on 
of the PFOR cataly�c cycle. Protona�on of AMIX and NTZ elimi-
nates resonance within the 5-nitrothiazole ring which can be 
visualized by a color change from yellow to colorless.  AMIX 
and NTZ are reac�vated by rapidly losing the proton to water at 
physiological pH [12]. Arginine-114 and Glutamate-64 are 
conserved amino acids within the cataly�c center and required 
for PFOR and vitamin func�on.
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development requires completion of maximum tolerable dose 
studies in dogs and rodents and the requisite toxicology, cardio-
vascular and other physiological tests to assess safety. Since 
one of the potential indications for AMIX is treatment of chron-
ic infections, it will be important to evaluate the long term 
stability, tolerability and safety in animal models, including 
non-human primates prior to first in human studies. 

Efficacy Studies and Spectrum
  AMIX bucks the conventional wisdom that therapeu-
tics targeting C. difficile need to be non-absorbable (concentrate 
in the gut) [22]. While MTZ is an exception (systemic therapeu-
tic), all the other antibiotics used to treat CDI (vancomycin, 
fidaxomicin, rifaximin, and NTZ) and ones in clinical develop-
ment (Ridinilazole) concentrate in the gut (poorly absorbed). It 
is also noteworthy that the majority of ongoing CDI clinical 
trials do not involve new antimicrobials, but rather biologics 
and fecal material transplant (FMT) therapeutics (ClinicalTri-
als.gov). Apparently, none of the current antibiotics is as good 
clinically as FMT in preventing recurrence of CDI [23]. This is 
because antibiotics that concentrate in the gut are not sufficient-
ly selective to avoid collateral damage to gut flora, which often 
includes beneficial probiotic microbes Bifidobacterium sp and 
Lactobacillus sp associated with colon health and protection 
from CDI [24]. In head to head comparative studies with vanco-
mycin and fidaxomicin in an acute mouse CDI infection model, 
AMIX was slightly less effective (not statistically significant) 
than the standard therapies at 5-days post infection, likely a 
result from quicker action of non-absorbed drugs in this acute 
CDI model [1]. However, AMIX proved superior to vancomy-
cin and fidaxomicin at 14-days post infection (100% survival of 
day 5-mice) compared with 30% and 20% survivors with 
vancomycin and fidaxomicin treated animals, respectively at 14 
days [1]. Both vancomycin and fidaxomicin exhibit collateral 
damage to Gram positive gut flora including the Bifidobacteria 
and Lactobacilli. AMIX prevented relapse in this model 
because it does not concentrate in the gut and thereby enables 
the protective gut microflora to rebound during the course of 
antibiotic therapy [1]. It is important to note that neither NTZ 
nor AMIX inhibit growth of the Bifidobacteria and Lactobacilli 
since these bacteria lack the PFOR drug target [1]. The distin-
guishing difference between NTZ and AMIX is that NTZ 
mostly concentrates in the gut where it contributes to dysbiosis 
and to clinical relapse [6]. Healthy mice fed 200 mg/kg of 
AMIX showed no detectable AMIX in fecal pellets and mice 
fed 30 mg/kg for 3 days showed no change in composition of 
the gut microbiome, confirming the lack of collateral damage 
[2]. Our studies found AMIX to be equally potent in vitro 
against the hypervirulent binary toxin-producing strains 
(NAP1/BI/027) of C. difficile that are commonly acquired in 
hospital settings [1]. Thus, AMIX shows promise for use in 
primary treatment, as well as in prevention of CDI in high risk 
setting such as hospitals and nursing homes.

AMIX Concentrates in Mucosal Pockets of Inflammation
 Perhaps the obvious question to ask is how can a 
systemic therapeutic that does not concentrate in the gut, show 
efficacy against CDI? Like most toxigenic diarrhea-producing 
pathogens, C. difficile infects gut epithelial cells where TcdA 
and TcdB toxins (or binary toxin) is released locally to produce 
tissue damage (pseudomembranous colitis) that promotes 
inflammation [25]. We speculated that AMIX, by virtue of its 
binding serum proteins might concentrate locally in these pock-

ets of inflammation via serum leakage [1,2]. To test this hypoth-
esis, we evaluated the efficacy of AMIX against another muco-
sal pathogen H. pylori, in a mouse infection model. While never 
published, we previously examined the efficacy of NTZ against 
H. pylori in this model nearly 20 years ago and found no effica-
cy when compared with the gold standard MTZ. In contrast, 
AMIX showed equivalence with MTZ in this model [2]. Since 
MTZ concentrates in gastric tissue, we reasoned that AMIX 
must also, supportive of the localized mucosal inflammation 
hypothesis. 
 A third animal study provides additional evidence for 
AMIX accumulation in sites of inflammation. In this study 
AMIX was compared with NTZ for efficacy against Cryptospo-
ridium parvum in a protein malnourished mouse model [26]. In 
the malnourished mouse, decreasing weight loss is common 
and when infected with Cryptosporidium, animals show accel-
erated weight loss [26]. While NTZ is the only FDA-approved 
drug for treatment of Cryptosporidium infections in humans, 
the drug does poorly in immunocompromised children and HIV 
patients [27]. In general, NTZ shows poor efficacy in various 
animal models [28]. In the malnourished mouse model, NTZ 
showed no efficacy, whereas similar concentrations of AMIX 
showed efficacy [26]. On further examination, AMIX, but not 
NTZ, reversed weight loss in malnourished uninfected control 
mice. Even more confounding was that AMIX showed no in 
vitro inhibitory activity against Cryptosporidium [26]. Remark-
ably, Cryptosporidium and related species contain a hybrid 
PFOR, one that is fused with Cytochrome P450 [29]. Cyto-
chrome P450 is not a cytochrome, but contains flavodoxin and 
NADPH oxidase and uniquely couples pyruvate oxidation with 
reduction of NADP [26,29]. Based on PFOR docking simula-
tions [3] it is likely that neither drug inhibits this variant of 
PFOR and that the action of NTZ is most likely against a differ-
ent target. So what is going on? The hallmark of environmental 
enteropathy in malnourished children and in protein-starved 
animal models is an overpopulation of anaerobes and enteric 
bacteria in the small intestine and duodenum where they 
promote inflammation which leads to loss of barrier function 
and malabsorption [30-33]. Based on the serum leakage 
hypothesis, we proposed that AMIX, by tamping down the 
anaerobic component in the small intestine, reduced inflamma-
tion, leading to restoration of barrier function and, by reversing 
weight loss, enabled healthy mice to self-cure [26]. One of the 
limitations of this study is that high doses of NTZ and AMIX 
(100 mg/kg) were used, and studies are in progress to determine 
whether lower drug concentrations (10 – 20 mg/kg) might 
prove as effective. Since environmental enteropathy in 
malnourished children during the first two years of life is 
associated with growth stunting and cognitive impairment, 
which are irreversible, perhaps early therapeutic intervention 
with AMIX might prove beneficial [33]. 

Chronic Infections and Autoimmune Diseases
  Chronic inflammation is a recognized risk factor in the 
development of many autoimmune diseases including rheuma-
toid arthritis, atherosclerosis, type II diabetes, Crohn’s disease, 
Parkinson’s and even Alzheimer’s disease [34-37]. Life-long 
infections of the gastric mucosa (chronic gastritis) caused by 
Helicobacter pylori, chronic oral anaerobic infections (gingivi-
tis and periodontitis) and inflammatory bowel diseases (ulcer-
ative colitis and Crohn’s) are all challenging to manage clinical-
ly. While in theory these diseases can be managed by antibiotic 
interventions, long term treatment with antibiotics is not recom-
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mended because of the risk of drug resistance, adverse effects 
and disruption of gut microflora (dysbiosis). Gut dysbiosis 
adversely affects human immune responses, effectiveness of 
cancer therapeutics, efficacy of vaccines, and can lead to 
serious intestinal infections such as C. difficile colitis (CDI) and 
colon cancer [38,39]. Repeated rounds of antibiotic therapy is 
often unsuccessful in management of these chronic diseases. 
Perhaps, maintenance therapy with AMIX over many months 
might ameliorate these infections and enable damaged tissue 
and resident flora to reestablish [16,17]. For other hospital 
acquired diseases caused by C. difficile (CDI), prophylaxis and 
post discharge maintenance therapy for several months might 
prevent and eventually eliminate this pathogen from hospital 
and nursing home environments. Similarly, AMIX is under 
consideration for management of periodontal disease (PD), as it 
shows selective potency against the “red complex” anaerobes 
associated with this disease [16,17]. With Crohn’s and other gut 
mucosal inflammatory disorders, prevention of relapses might 
be possible and similarly in malnourished children (environ-
mental enteropathy), restoration of barrier function by tamping 
down the associated anaerobes might improve health by 
preventing stunting and cognitive impairment [26]. Human 
studies are required to evaluate whether therapeutics like AMIX 
could show similar benefit in IBD as TNF-α monoclonal 
antibodies (imunotherapeutics), without immunosuppression 
contraindications [40]. 

Concluding Remarks
  The growing problem of antimicrobial resistance and 
emergence of superbugs (multi-drug resistant Gram negative 
pathogens) challenge our health care industry. Meeting this 
challenge is complex because in general, most bacterial infec-
tions, including many caused by superbugs, are treatable with 
generic antibiotics and the new medicines are limited by 
prohibitive costs compared to those of generics [41]. While the 
WHO, CARB-X and other agencies support development of 
therapeutics against a short list of priority pathogens because of 
their high mortality rates, from a business perspective, this is a 
small market (less than $100 million in sales per year) and 
consequently considered unattractive to investment [42]. This 
includes the CDI drug fidaxomicin (~$3,000 per treatment) 
which earned ~$50 million in sales in 2018 [42]. The 
headwinds and lack of enthusiasm for new antimicrobials 
outside the priority list window is even greater, despite the 
potential to reach larger markets. AMIX would compete with 
MTZ which enjoys a large market share because it is very cheap 
(~$22.00 dollars a treatment), but has serious side effects 
(Black Box warning from FDA) and long term use is not 
recommended. A therapeutic such as AMIX, if clinical trials 
validate its safety, could gain market share as a preventative, 
not only for CDI, but for PD, IBD and environmental enteropa-
thy, that when combined would be a multi-billion-dollar 
market. One might envision that such medicines might be 
prescribed for many months or even life for management of 
chronic infections in certain high risk groups, much like statins, 
blood pressure and type II diabetes medicines are currently 
prescribed. Conceptually, thinking outside the box of traditional 
antimicrobial development, might lead to new perspectives 
regarding other major human diseases, including many cancers, 
where an underlying microbial etiology is suspected. Our grow-
ing understanding of the significant role of our microbiome to 
our health and how dysbiosis contributes to many diseases 
represents a starting point in development of therapeutic 

interventions that just might improve our collective health. 

Acknowledgements
 My sincerest thanks are extended to the many 
colleagues and collaborators that have contributed to the devel-
opment of amixicile, particularly to Timothy Macdonald and 
Richard L. Guerrant. This work, including the efforts of Paul S. 
Hoffman, was funded by HHS, NIH, National Institute for 
Allergy and Infectious Diseases (NIAID) U01 AI075520 and 
R21AI111604 to PSH.

References
Warren CA, van Opstal E, Ballard TE, Kennedy A, et al. Amixicile: A 
novel inhibitor of pyruvate: ferredoxin oxidoreductase shows efficacy 
against Clostridium difficile in a mouse infection model Antimicrob. 
Agents Chemother. 2012; 56:1403-1411. 
Hoffman PS, Bruce AM, Olekhnovich I, et al. Preclinical studies of 
amixicile, a systemic therapeutic developed for treatment of Clostridium 
difficile infections that also shows efficacy against Helicobacter pylori. 
Antimicrob Agents and Chemother. 2014;58:4703-4712.
Kennedy AJ, Bruce AM, Gineste C, et al. Synthesis and Antimicrobial 
Evaluation of Amixicile-Based Inhibitors of the Pyruvate-Ferredoxin 
Oxidoreductases of Anaerobic Bacteria and Epsilonproteobacteria. 
Antimicrob Agents Chemother. 2016; 60:3980-7.
Gilles HM, Hoffman PS. Treatment of intestinal parasitic infections: a 
review of nitazoxanide. Trends Parasitol.2002; 18(3):95-7.
Hemphill A, Mueller J, Esposito M. Nitazoxanide, a broad-spectrum 
thiazolide anti-infective agent for the treatment of gastrointestinal 
infections. Expert Opin Pharmacother. 2006;7(7):953-64.
Musher DM, Logan N, Mehendiratta V, et al. Clostridium difficile colitis 
that fails conventional metronidazole therapy: response to nitazoxanide. J 
Antimicrob Chemother. 2007;59(4):705-10. 
Qu Y Olsen JR, Yuan X, et al. Small molecule promotes β-catenin citrulli-
nation and inhibits Wnt signaling in cancer. Nat Chem Biol. 
2018;14(1):94-101. 
Rossignol JF. 2014. Nitazoxanide: a first-in-class broad-spectrum antiviral 
agent. Antiviral Res. 2014;110:94-103. 
Stachulski AV, Swift K, Cooper M, et al. 2017. Synthesis and pre-clinical 
studies of new amino-acid ester thiazolide prodrugs. Eur J Med Chem. 
2017;126:154-159. 
Chahales P, Hoffman PS, Thanassi DG. Nitazoxanide Inhibits Pilus 
Biogenesis by Interfering with Folding of the Usher Protein in the Outer 
Membrane. Antimicrob Agents Chemother. 2016;60(4):2028-38.
Senkowski W, Zhang X, Olofsson MH, et al. 2015. Three-Dimensional 
Cell Culture-Based Screening Identifies the Anthelmintic Drug Nitazoxa-
nide as a Candidate for Treatment of Colorectal Cancer. Mol Cancer Ther. 
2015;14(6):1504-16.
Hoffman PS, Sisson G, Croxen MA, et al. Antiparasitic drug nitazoxanide 
inhibits the pyruvate oxidoreductases of Helicobacter pylori and selected 
anaerobic bacteria and parasites, and Campylobacter jejuni. Antimicrob 
Agents Chemother. 51:868-876. 
O'Dwyer K, Spivak AT, Ingraham K, et al. Bacterial resistance to 
leucyl-tRNA synthetase inhibitor GSK2251052 develops during treatment 
of complicated urinary tract infections. Antimicrob Agents Chemother. 
2015;59(1):289-98. 
Sisson G, Goodwin A, Raudonikiene A, et al. Enzymes associated with 
reductive activation and action of nitazoxanide, nitrofurans, and metroni-
dazole in Helicobacter pylori. Antimicrob Agents Chemother. 
2002;46(7):2116-23.
Ballard TE, Wang X, Olekhnovich I, et al. Synthesis and Antimicrobial 
Evaluation of Nitazoxanide-Based Analogues: Identification of Selective 
and Broad Spectrum Activity. ChemMedChem. 2011;6:362-377.
Hutcherson JA, Sinclair KM, Belvin BR, et al. Amixicile, a novel strategy 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Br J Gastroenterol 2020, 2:1



142

British Journal of Gastroenterology

for targeting oral anaerobic pathogens. Sci Rep. 2017;7(1):10474. 
Reed LA, O'Bier NS, Oliver LD Jr, et al. Antimicrobial activity of 
amixicile against Treponema denticola and other oral spirochetes associat-
ed with periodontal disease. J Periodontol. 2018;89(12):1467-1474
Pankuch GA, Appelbaum PC. Activities of tizoxanide and nitazoxanide 
compared to those of five other thiazolides and three other agents against 
anaerobic species. Antimicrob Agents Chemother. 2006;50:1112-1117.
Olekhnovich IN, Goodwin A, Hoffman PS. Characterization of the 
NAD(P)H oxidase and metronidazole reductase activities of the RdxA 
nitroreductase of Helicobacter pylori.
FEBS J. 2009;276(12):3354-64. 
Olekhnovich IN, Vitko S, Valliere M, et al. Response to metronidazole and 
oxidative stress is mediated through homeostatic regulator HsrA 
(HP1043) in Helicobacter pylori. J Bacteriol. 2014;196(4):729-39.
Jeong JY, Mukhopadhyay AK, Dailidiene D, et al. Sequential inactivation 
of rdxA (HP0954) and frxA (HP0642) nitroreductase genes causes moder-
ate and high-level metronidazole resistance in Helicobacter pylori. J 
Bacteriol. 2000;182(18):5082-90.
Jarrad AM, Karoli T, Blaskovich MAT, et al. Clostridium difficile drug 
pipeline: challenges in discovery and development of new agents. J. Med. 
Chem. 2015;58(13):5164-85. 
Quraishi MN, Widlak M, Bhala N, et al. Systematic review with 
meta-analysis: the efficacy of faecal microbiota transplantation for the 
treatment of recurrent and refractory Clostridium difficile infection. 
Aliment Pharmacol Ther. 2017;46(5):479-493. 
Hidalgo-Cantabrana C, Delgado S, Ruiz L, et al. Bifidobacteria and their 
health-promoting effects. Microbiol Spectrum 5(3):bad-0010-2016. 
Chandrasekaran R, Lacy DB.. The role of toxins in Clostridium difficile 
infection. FEMS Microbiol Rev. 2017;41(6):723-750.
Bartelt LA, Bolick DT, Kolling GL, et al. Amixicile Reduces Severity of 
Cryptosporidiosis but Does Not Have In Vitro Activity against Cryptospo-
ridium. Antimicrob Agents Chemother. 2018;62(12). 
Amadi B, Mwiya M, Sianongo S, et al. High dose prolonged treatment 
with nitazoxanide is not effective for cryptosporidiosis in HIV positive 
Zambian children: a randomized controlled trial. BMC Infect Dis. 2009; 
9:195.
Theodos CM, Griffiths JK, D’Onfro J, et al. Efficacy of nitazoxanide 
against Cryptosporidium parvum in cell culture and in animal models. 
Antimicrob Agents Chemother. 1998; 42:1959 –1965. 
Rotte C, Stejskal F, Zhu G, et al. Pyruvate: NADP oxidoreductase from the 
mitochondrion of Euglena gracilis and from the apicomplexan Cryptospo-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ridium parvum: a biochemical relic linking pyruvate metabolism in 
mitochondriate and amitochondriate protists. Mol Biol Evol.2001; 
18:710–720. 
Mondal D, Minak J, Alam M, et al. Contribution of enteric infection, 
altered intestinal barrier function, and maternal malnutrition to infant 
malnutrition in Bangladesh. Clin Infect Dis. 2012; 54:185–192.  .
Brown EM, Wlodarska M, Willing BP, et al. Diet and specific microbial 
exposure trigger features of environmental enteropathy in a novel murine 
model. Nat Commun. 2015; 6:7806. 
Vonaesch P, Morien E, Andrianonimiadana L, et al. Stunted childhood 
growth is associated with decompartmentalization of the gastrointestinal 
tract and overgrowth of oropharyngeal taxa. Proc Natl Acad Sci U S A. 
2018;115(36):E8489-E8498.
Naylor C, Lu M, Haque R, et al. Environmental enteropathy, oral vaccine 
failure and growth faltering in infants in Bangladesh. EBioMedicine. 
2015; 2:1759 –1766. 
Sandal I, Karydis A, Luo J, et al. Bone loss and aggravated autoimmune 
arthritis in HLA-DRβ1-bearing humanized mice following oral challenge 
with Porphyromonas gingivalis. Arthritis Res Ther. 2016;18(1):249.
de Molon RS, Rossa C Jr, Thurlings RM, et al. Linkage of Periodontitis 
and Rheumatoid Arthritis: Current Evidence and Potential Biological 
Interactions. Int J Mol Sci. 2019;20(18).
Halling ML, Jens Kjeldsen J, Knudsen T, et al. Patients with inflammatory 
bowel disease have increased risk of autoimmune and inflammatory 
diseases. World J Gastroenterol 2017; 23(33): 6137-6146.
Dominy SS, Lynch C, Ermini F, et al. Porphyromonas gingivalis in 
Alzheimer's disease brains: Evidence for disease causation and treatment 
with small-molecule inhibitors. Sci Adv. 2019;5(1):eaau3333.
Zhang J, Haines C, Watson AJM, et al. Oral antibiotic use and risk of 
colorectal cancer in the United Kingdom, 1989-2012: a matched case-con-
trol study. Gut. 2019;68(11):1971-1978.
Routy B, Gopalakrishnan V, Dallere R, et al. The gut microbiota influenc-
es anticancer immunosurveillance and general health. Nat Rev. Clin 
Oncol. 2018;15(6):382-396. 
Shivaji UN, Sharratt CL, Thomas T, et al. Review article: managing the 
adverse events caused by anti-TNF therapy in inflammatory bowel 
disease. Aliment Pharmacol Ther. 2019;49(6):664-680
Fernandes P, Martens E. Antibiotics in late clinical development. Biochem 
Pharmacol. 2016;133:152-163.
Carr A, Stringer J. Biotechnology Antibiotic R&D Update 20. Needham 
March 29, 2019. Needham & Company, LLC, Member FINRA, SIPC.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

 
To cite this article: Hoffman PS. Amixicile: A Concept Therapeutic for Treatment of Chronic Anaerobic Infections. British Journal of Gastroenterology. 2020;2:1.

© Hoffman PS. 2020

Br J Gastroenterol 2020, 2:1




