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EXECUTIVE SUMMARY 

Approximately 32% of children under 5 in developing countries are considered to be stunted (Humphrey 

2009), and only 40% of that stunting is considered to be from dietary insufficiency (Solomons 2003).  

Tropical enteropathy is a syndrome of intestinal malabsorption thought to be caused by repeated infection 

of the small intestine, which may be an additional cause of stunting and growth faltering among young 

children.  The restoration of gut function impaired by tropical enteropathy could promote nutritional 

status, improve immune response to other pathogens, and encourage normal growth among children.  At 

the request of the Enterics and Diarrheal Disease (EDD) team at the Bill & Melinda Gates Foundation, we 

conducted key informant interviews and literature review to identify potential small molecule therapeutics 

that could improve gut function in tropical enteropathy.   

We interviewed 8 contacts provided by EDD team to ascertain potential late and early stage therapeutic 

interventions in development for the treatment of tropical enteropathy. We identified 9 opportunities and 

reviewed the relevant literature for each.  We spoke to two additional key experts in depth about two of 

the therapeutic opportunities. We also extended the search for further opportunities into the HIV, tropical 

sprue, and protein literature.   

Late stage opportunities identified through the key informant interviews were those that are currently 

commercially available, including small molecule drugs that modulate the immune system, ion transport, 

epithelial cell growth, and brain-gut axis.  The late-stage opportunities identified include lubiprostone, 

octreotide, alosetron, glutamine, budesonide, and mesalamine.  Early stage opportunities were those that 

have not completed clinical trials.  These included Myosin Light Chain Kinase Inhibitors and Larazotide 

Acetate, which are small molecule targets that restore tight junction function, and ATL-104, which 

promotes epithelial cell growth.   In our investigation of the HIV and historical tropical sprue literature, 

further novel potential drug opportunities were not identified. Early publications demonstrated that 

antibiotics were the only tropical sprue treatment that demonstrated an effect on barrier function. 

No drugs identified have a primary indication for treatment of tropical enteropathy.  Literature review 

suggested that, among the late stage small opportunities, only lubiprostone and glutamine have evidence 

for possible barrier function restoration in enteropathy.  Among the early stage therapeutics, larazotide 

acetate and MLCKI have had promising research supporting their role in restoration of tight junctions. 
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RATIONAL AND WORK ORDER 

Tropical (or environmental) enteropathy is defined as immunological and histological changes in the lining 

of the small intestines of individuals residing in areas of poor sanitation.  These changes are potentially the 

result of repeated intestinal infections, causing malabsorption and a loss of barrier function, which 

diminishes ability to defend against further infection.  The sequelae of tropical enteropathy are similar to 

tropical sprue, which is characterized by diarrhea, steatorrhea, and megaloblastic anemia.  However, 

enteropathy is considered to be less clinically evident than sprue, and a precise case definition does not 

exist.  The current standard of care for tropical enteropathy is 250mg tetracycline with folic acid per os, four 

times a day, for 3-6 months.  This treatment is indicated to resolve any intestinal infection, as well as to 

correct folic acid deficiency, but is not directed to promote barrier function restoration. 

The EDD team at the Bill & Melinda Gates Foundation provided a work order to the UW START team with 

the following requests: 

1. Reach out to a small number of leading scientists in the field regarding opportunities for small 

molecule therapeutic restoration of gut functional impairment 

2. Review the relevant scientific and patent literature to assess current therapeutic approaches and 

opportunities 

The focus of the work order was on small molecule, host-directed opportunities, excluding probiotics, 

micronutrients, and biologics.  We investigated opportunities involving molecular targets that could 

modulate immune response, epithelial cell function, ion channels, paracellular and transcellular transport, 

brain-gut axis, tissue repair pathways, and other gastrointestinal targets. 

Upon discussion with the EDD team, we expanded our initial literature review to investigate opportunities 

in the HIV literature, historical tropical sprue literature, and brush border protein literature. 

METHODS 

INTERVIEWS 

Interviews were conducted with experts in gastroenterology to identify specific extant therapeutic 

opportunities.  Interviewees were asked about their background and work experience as it related to the 

development or testing of therapeutics to improve gut function.  We then asked each interviewee to 

provide a list of available therapeutics or other new areas or less-developed approaches which might serve 

to improve gut function in tropical enteropathy.  The interviews focused on specific opportunities in 

developing molecular components (e.g. amino acids, small peptides, fatty acids or lipid species). At the end 

of each interview, interviewees were asked to recommend contacts that could provide more information.  

Many of the contacts provided from the initial interviews were contacted in the second round and were 

interviewed with the same interview questions. Table 1 includes the contacts provided by the Foundation. 
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TABLE 1:  CONTACTS PROVIDED TO THE START TEAM BY THE EDD TEAM 

Name Affiliation 

James Nataro University of Virginia 

Michael Camilleri Mayo Clinic 

David Peura University of Virginia 

Stephen James National Institutes of Health 

Marc Navre Ardelyx 

David Brown Cambridge 

Jerry Turner University of Chicago 

Mark Donowitz Johns Hopkins 

Richard Guerrant University of Virginia 

Alessio Fasano University of Maryland 

 

For each therapeutic agent, the interviewees were asked the following questions: 1. Who is developing this 

therapeutic agent or approach?  2. In what stage of development is this agent? 3. What mechanism does 

this therapeutic agent target? 4. Is any form of this therapeutic agent already on the market? 5. What are 

the limitations or issues with this agent for restoring gut function? 

Secondary interviews were conducted with two additional contacts (names in italics in Table 1) to expand 

information on glutamine and larazotide acetate. 

LITERATURE REVIEW 

After discussion with the EDD team, we conducted systematic literature reviews in PubMed for trial and 

laboratory studies for each of the identified drugs.  The number of studies identified and reviewed is 

included in the results section.  The search terms included:  <generic name of the drug> and <enteropathy> 

and <small intestines>. 

We also conducted systematic reviews within the HIV, tropical sprue, and apical proteins.  Broad search 

terms were used, and each title and abstract was comprehensively assessed for relevance.  Within the HIV 

search results, studies were considered relevant if the title or abstract related to HIV, enteropathy, and 

treatment.  Additional searches were conducted in Web of Science and Google.  PubMed results for tropical 

sprue were considered relevant if they involved terms regarding both tropical sprue and treatment.  The 

number of total studies and relevant studies are included in the results section. 

In the first round of interviews, a key informant suggested that apical protein literature would be an 

essential area to look for molecular targets for potential therapeutics.  Upon discussion with the EDD team, 

the START team conducted a brief systematic review to determine the state of apical protein literature.  

Broad search terms were used to find brush border or apical protein studies in PubMed, which were then 

filtered by “review” publication type.  Commonly cited protein targets were extracted from the reviews, 

and proteomics studies were examined. 
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RESULTS 

Of the 9 key informants provided by the EDD team, 8 were contacted and interviewed.  The final reference 

was deemed unnecessary by the EDD team. Two additional informants were identified through the initial 

interviews, and were interviewed to expand information larazotide acetate and glutamine. 

Through thorough discussion with the key informants, we established that no drugs are currently indicated 

to promote intestinal function in tropical enteropathy.  However, the interviewees were able to provide 9 

potential small molecule opportunities for gut function restoration.  These opportunities fell into four 

categories of mechanisms to improve intestinal absorption: 

1.  Slowing transit of intestinal contents: Alosetron, Octreotide 

2. Enterocyte support:  Glutamine, ATL-104 

3. Tight junction restoration: Myosin Light Chain Kinase Inhibitor (MLCKI), larazotide acetate, and 

lubiprostone 

4. Immunosuppression: Budesonide, Mesalamine 

Descriptions of the mechanisms and summaries of the literature review for each drug are included below. 

LATE STAGE THERAPEUTIC OPPORTUNITIES IDENTIFIED 

GLUTAMINE 

Glutamine is the major energy source for enterocytes, and was mentioned by several interviewees as a 

potential therapeutic agent to improve gut function.  A PubMed literature review yielded 3 relevant human 

studies, all of which were randomized trials.  Two trials conducted with malnourished children in 

northeastern Brazil yielded promising results for gut restoration.  Because glutamine can be broken down 

during digestion before reaching the small intestine, alanyl or glycl groups were attached to stabilize the 

molecule in these investigations.  In the trial, supplemented formula was found to decreases membrane 

permeability among malnourished children according to an average decrease of 0.21 in Lactulose:Mannitol 

(L:M) ratio (Lima, Brito et al. 2005) and decreased average mannitol and lactulose excretion, -3.40% and -

0.14 respectively (Lima, Soares et al. 2007).  Supplemented formula has also been found to increase weight 

for height (mean increase=0.298, 95%CI: 0.223-0.373) and weight for age (WAZ: mean increase=0.055, 95% 

CI: 0.009-0.101), but not height for age at 120 days post-treatment (Lima, Soares et al. 2007).  However, 

another study in nutritionally depleted patients admitted for gastrointestinal surgery did not find significant 

changes from baseline in intestinal permeability (L:M ratio), gastrointestinal morphology (villi length or 

crypt depth), or percentage of proliferating enterocytes following an 8-10 day course of glycl-glutamine 

solution (Hulsewé, van Acker et al. 2004). 

A second PubMed literature review was conducted to examine the use of glutamine supplements for HIV 

enteropathy, yielding three further randomized controlled trials.  There were mixed results regarding the 

use of glutamine supplements to improve nutrition among HIV-positive adults.  In a 12 week randomized 

controlled trial, daily glutamine and antioxidants supplements were shown to increase body cell mass, 

intercellular water, and total body water (Shabert, Winslow et al. 1999).  Supplementation was associated 

with an average gain of 3.2% in body weight among patients in the treatment arm compared with an 

average gain of 0.4% in controls (P = 0.04) (Shabert, Winslow et al. 1999).  In an RCT conducted among HIV 

patients with documented weight loss of at least 5% in the previous 3 months, glutamine given in 
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conjunction with β-Hydroxy-β-Methylbutyrate and Arginine was found to be associated with an average of 

3 kg weight gain (95% CI: 2.5-3.5) compared with 0.37 kg gain (95% CI: -.47-1.21) following an 8-week 

regimen (Clark, Feleke et al. 2000). However, another study found that a month-long regimen of either 4 or 

8g of glutamine was not associated with improvement in intestinal permeability as measured by L:M ratio 

or in intestinal morphology (Noyer, Simon et al. 1998).   

We also spoke directly with Richard Guerrant, from the University of Virginia, who has been involved with 

the randomized trials with Alanyl-glutamine supplementation.  Dr. Guerrant noted that oral rehydration 

solution (ORS) with alanyl-glutamine helps with both rehydration and repair, and has been shown both in-

vivo and in-vitro to help repair/restore blunted villi. For example, in work conducted by Helen Burstin-

Snyder, intestinal function in piglets and calves did not respond to glucose coupled ORS, but does respond 

to glutamine coupled ORS.  Dr. Guerrant noted that ALA-glutamine was expensive to synthesize in the past 

but the price has decreased, and it could be possible to use micro-organisms to produce it.  Dr. Guerrant 

suggested that there are a several possibilities for obtaining glutamine, such as glutamine supplementation, 

probiotics which produce glutamine, or through foods like peanuts or barley. 

ALOSETRON 

Alosetron is indicated to treat diarrhea, pain, cramps, and urgency caused by irritable bowel syndrome, and 

was mentioned by Michael Camilleri during his interview.  The drug is an antagonist for on the 5-

HT3 receptors of the enteric nervous system of the gastrointestinal tract, and functions to slow the 

movement of stool through the intestines.  Alosetron is manufactured by Prometheus Laboratories as 

Lotronex®.  It has been subjected to restricted use since 2002 because of ischemic colitis and constipation 

complications.  A Pubmed literature review was conducted to find studies related to Alosetron’s effect on 

gut function. However, of 273 studies reviewed, none were relevant to the treatment of enteropathy. 

OCTREOTIDE 

Octreotide (Sandostatin® by Novartis) mimics somatostatin by inhibiting growth hormone, glucagon, and 

insulin.  It treats chronic diarrhea by decreasing splanchnic blood flow to slow intestinal transit.  Of 170 

studies identified in a PubMed literature review, none were found to be relevant to enteropathy treatment.  

Several studies examined the effects of octreotide in the large intestine rather than the small intestine, 

finding that octreotide administered for experimental colitis reduced mucosal damage (Eliakim et al, 1993). 

LUBIPROSTONE 

Lubiprostone is an agent used to treat chronic constipation and irritable bowel syndrome by stimulating 

chloride channels. It is manufactured by Sucampo and is commercially available under the name Amitiza®. 

There is some evidence that lubiprostone might restore tight junction function.  

PubMed literature review provided 3 relevant studies in animals. After ischemic injury in pig tissue, 

lubiprostone was demonstrated to restore ileum membrane permeability, independent of epithelial 

restoration (Moeser, Nighot et al. 2007).  The potential mechanism by which the improvements in gut 

function occur is the shifting of occludin from cytosol to the lateral intercellular membrane and tight 

junctions.  Additionally, treated ischemic tissues have longer villi compared to controls (Moeser, Nighot et 

al. 2008).  

IFN-γ and TNF- are pro-inflammatory cytokines that increase membrane permeability (as measured by 

decreased trans epithelial resistence) in mucosa partially through reduction of occludin levels.  These 
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cytokines are thought to be involved in pathology of celiac sprue enteropathy and inflammatory bowel 

disease.  Epithelial cells treated with lubiprostone were partially protected from the detrimental effects of 

IFN-γ and TNF- in a porcine tissue model.  They exhibited higher trans epithelial resistance, higher 

occludin/actin ratios, and higher mitochondrial membrane potential (Cuppoletti, Blikslager et al. 2012). 

MESALAMINE 

Mesalamine is a bowel-specific anti-inflammatory amino-salicylate compound produced by Salix, 

commercially as Apriso®. Mesalamine is usually prescribed for mild Crohn’s disease or ulcerative colitis.   

Literature review identified 69 potential articles, but only one was related to small intestinal function 

(whereas the rest were related to inflammatory bowel diseases).  In 2011, a records review was conducted 

investigating small intestine local-release mesalamine used for the symptom relief in refractory celiac 

disease (Jamma, Leffler et al. 2011).  There was no control group, but 50% of the patients experienced 

complete symptom relief with mesalamine within 4 weeks (Jamma, Leffler et al. 2011). 

BUDESONIDE 

Budesonide is a locally acting gluco-corticosteroid which inhibits inflammatory response.  It is produced by 

AstraZeneca as Entocort®.  The primary indications of budesonide are allergic rhinitis and ulcerative colitis.   

However, recent studies have been testing the effect of budesonide in celiac disease.  Of 31 studies 

identified in the PubMed literature review, 3 were relevant to enteropathy treatment. 

Two of these studies were records reviews.  In the first, budesonide was shown to decrease stool output 

and increase body weight to the same extent as systemic prednisolone(Daum, Ipczynski et al. 2006).  

Similar to mesalamine, 50% of patients were shown to respond completely to budesonide the second 

records review study (Brar, Lee et al. 2007).  In 2009, a randomized controlled study conducted with 

budesonide among celiac patients found increased bodyweight,  decreased number of evacuations and 

decreased stool weight (Ciacci, Maiuri et al. 2009). 

EARLY STAGE THERAPEUTIC OPPORTUNITIES IDENTIFIED 

ATL-104 

ATL-104 is an epithelial cell growth factor that has been developed by Alizyme for the treatment of 

mucositis in chemotherapy.  The drug was suggested as a potential small molecule therapy for gut 

restoration by Marc Navre because of its use in mucosal restoration.  One RCT has been published in the 

peer reviewed literature, although it did not evaluate the effects of ATL-104 on gut function specifically 

(Hunter, Mahendra et al. 2009).  In the trial, the treatment was provided to mucositis patients in a 

mouthwash form.  The treatment group experienced a reduced median duration of severe oral mucositis 

compared with placebo (median duration: ATL-104 groups 2 days, placebo 10.5 days), but results overall 

were considered inconclusive (Hunter, Mahendra et al. 2009).   

MYOSIN LIGHT CHAIN KINASE INHIBITORS (MLCKI) 

MLCKI are compounds currently under investigation by Jerry Turner’s laboratory at the University of 

Chicago.  Initially, the laboratory discovered that MLCKI is increased in inflammatory bowel disease. 

Although some forms of MLCKI are common to all smooth muscle, they found that the intestinal tight 
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junction form has an earlier promoter sequence than the sequences of other forms, and is therefore 

targetable for alteration.   

PubMed literature review provided 7 relevant studies, four of which were human tissue studies.  Although 

Divertin1 is the main compound of interest, there have been no publications yet.  Dr. Turner indicated that 

this compound has the most potential for tight junction restoration in humans through inhibition of 

epithelial trafficking. Permeant Inhibitor of Myosin Light Chain Kinase (PIK), a slightly less relevant but 

related compound, has been the subject of a few studies and was found to reduce anti-CD3-mediated tight 

junction reorganization and diarrhea in mice (Clayburgh, Barrett et al. 2005). PIK maintains transepithelial 

electrical resistance in the intestinal membrane when exposed to TNF-α and IFN-γ (difference of 50% +/- 

1%)  (Zolotarevsky, Hecht et al. 2002). 

LARAZOTIDE ACETATE 

Larazotide acetate was mentioned through several interviews as a “zonulin inhibitor” which had gone 

through a phase 1 clinical trial for tight junction restoration.  PubMed literature review identified three 

relevant studies:  one clinical trial and two in vitro studies.  The clinical trial demonstrated that larazotide 

acetate provided protection from an increase in intestinal permeability after gluten challenge in celiac 

patients (OR for placebo group=1.7, 95% CI: 1.03, 2.77) (Paterson, Lammers et al. 2007).  The two in vitro 

studies showed that larazotide acetate inhibited permeability increases in human tissue and significantly 

reduced redistribution of zonulin-occludin and actin (Gopalakrishnan, Durai et al. 2012).  

We also spoke directly with Alessio Fasano, from the University of Maryland, who conducted some of the 

original research with larazotide acetate and is a strong advocate of the drug.  Dr. Fasano expressed that 

larazotide acetate has positive and negative attributes for mass administration.  Among the positives, he 

cited that the molecule is Small (8 amino acids), cheap to make in bulk, safe for human use, 

environmentally stable, not too technical to produce, and costs would be<$1 per day for 3 pills per day.  

However, there are also some negatives that should be taken into account, including that it must be taken 

on a regular basis in the first two years of life, it would require a large scale business model and distribution 

network, there needs to be a plan to sell at cost (or with little profit) for use in developing world, and there 

is possible degradation of the peptide in stomach before reaching the small intestine. 

EXPANDED LITERATURE REVIEW 

HIV LITERATURE 

HIV enteropathy is a syndrome of intestinal malabsorption that is characterized by the same histological 

changes as tropical enteropathy.  In HIV enteropathy, patients suffer chronic diarrhea but no pathogen is 

identifiable (Beaugerie 1993). 
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FIGURE 1:  HIV LITERATURE SYSTEMATIC REVIEW RESULTS 

The HIV literature systematic review in PubMed identified 6 studies of 4 therapies that have been 

investigated as treatments for absorption and barrier function in HIV enteropathy.  Two of these were 

outside of the focus area (pancreatic enzyme and complementary feeding).  The two drugs within the focus 

area included glutamine and ritonavir.  Glutamine has been described in the late-stage therapeutic 

opportunities section of this report. 

We briefly reviewed the literature for ritonavir with regards to barrier function restoration.  Ritonavir, 

produced by Abbott Laboratories as Norvir®, is a protease inhibitor and pharmacokinetic booster 

administered with Highly Active Anti-Retroviral Therapy (HAART).  The drug increases enteral absorption of 

other drugs by inhibiting p-glycoprotein and several cytochrome enzymes.  In 1999, Canani et al provided 

ritonavir to 10 HIV positive children and found markedly improved intestinal function via d-xylose 

absorption over time (Canani, Spagnuolo et al. 1999).  However, the investigation did not include a control 

group.  To date, no randomized controlled trials have studied ritonavir as an intestinal restoration drug, and 

in vitro findings suggest an increase in barrier permeability (Holmstock, Annaert et al. 2012). 

Google and citation searches identified two further therapies indicated for HIV enteropathy.  ColoPlus® by 

IMCARE is a bovine colostrum-based therapeutic food with patent-pending in the US.  ImmunoLin® by 

Proliant is an immunomodulatory mixture containing IgG, IgM, IgA, IGF-1(mitogen), transferrin, and IgA-

stimulating cytokines.  Neither of these fell within the focus area of the work order, so further review was 

not conducted. 

TROPICAL SPRUE HISTORICAL LITERATURE 

As mentioned earlier, tropical enteropathy is characterized by the same histological changes as tropical 

sprue, but is usually asymptomatic. It is possible that enteropathy is a milder form of tropical sprue (Baker 

and Mathan 1972). The signs and symptoms of sprue include diarrhea, steatorrhea, malabsorption, 
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megaloblastic anemia from folic acid deficiency, and other vitamin deficiencies.  Enteropathy is not 

considered to include noticeable diarrhea or clinically apparently deficiencies. 

 

FIGURE 2:  TROPICAL SPRUE HISTORICAL LITERATURE REVIEW RESULTS  

Below is a brief timeline of the progression of research for treatments of tropical sprue, as identified 

through PubMed review.  Each treatment is listed at the time of the earliest publication and the total 

number of studies regarding that treatment is included parenthetically.  

1934: Bed rest, diet, liver extract (B12, Folic Acid, Iron) 

1946: Folic acid (N=29) 

1948: Vitamin B12 (N=11) 

1956: Thymidine (N=1) 

1965: Long term antibiotics (N=1) 

1968: Tetracycline (N=7),  lyophilized calf jejunum (N=1) 

1969: Amino Acids (N=1),  Polysorbate (N=1) 

1970: Sulfonamides (N=3) 

1971-1990: No treatment publications 

A total of 48 relevant publications were identified through PubMed.  Treatments for tropical sprue 

originally included supplements (such as folate, B12, liver extract, calf jejunum, and thymidine) to treat the 

apparent megaloblastic anemia and other micronutrient deficiencies.  Later, tetracycline and sulfonamides 
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were added to treat residual infections.  While none of the studies of supplementation treatments showed 

improved intestinal function, several of the investigations of antibiotics demonstrated improvements in 

absorption and barrier function (Rodriguez-Molina, Cancio et al. 1960; Klipstein, Schenk et al. 1966; 

Banwell, Gorbach et al. 1968; Klipstein 1969; Horta, Maldonado et al. 1971).  Other than antibiotics, no 

treatments were identified that promote intestinal function. 

STATE OF RESEARCH ON BRUSH BORDER APICAL PROTEINS 

Through this review, we sought to evaluate existing published data on apical proteins of the enterocyte 

brush border.  Quantitative Investigation into the proteomics of the intestinal brush border has been 

conducted by McConnell et al. in 2011 (McConnell, Benesh et al. 2011).  Their team identified 646 proteins 

(44% cytoskeletal, 16% hydrolases, 9% transporters) in the murine model brush border.  

A broad PubMed search of the enterocyte apical proteins returned 346 results, 40 of which were reviews.  

Only 25 of these reviews included specific protein enumeration or description.   

 

FIGURE 3: APICAL PROTEIN SYSTEMATIC REVIEW RESULTS 

The proteins commonly cited were transporters for cholesterol, bile, and other nutrients or drugs.  They are 

outlined in Table 2. 

TABLE 2:  COMMONLY CITED BRUSH BORDER PROTEINS 

Protein Function 

NPC1L1 cholesterol absorption inhibitor,(target of ezetimibe) 

ABCC2  multiple binding sites and complex transport kinetics 

(excretory) for glutathione, glucuronide, and sulfate 

conjugates of many endo- and xenobiotics 

ASBT (SLC10A2) bile acids transporter 

OATP1A2 bile acid & drug transporter 

ABCG5 and ABCG8 sterol export pumps 

SGLT1, SGLT5, GLUT2 sodium glucose/fructose co-transporters 
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DMT1  iron transporter 

GP330/megalin, caveolin, FATP4 fatty acid transporters 

Mrp2  intestinal excretion of glutathione-conjugates 

P-glycoprotein multidrug transporter 

 

ADDITIONAL COMMENTS FROM INTERVIEWEES 

The key informants had a several additional insights regarding therapy for the restoration of gut function.  

First, many interviewees indicated that more basic research is necessary before treatment can be 

established.  There was a concern that the syndrome has not been well defined, and might not have a 

single etiology or pathology.  Several interviewees recommended that more biopsies need to be examined 

to understand the pathway and the epidemiology of the disease.  Additionally, the clinical endpoints are 

not well demarcated, and thus it is hard to define successful treatment. 

Other insights included: 

 It might be difficult to produce food additives or peptides (such as glutamine) for the treatment of 

enteropathy, because there is little commercial incentive. 

 Therapies for a “short gut” might be applicable to the dysfunctional gut 

 Enterocyte growth factors (Noggin, WNT, EGF, Respondin) might be helpful short term for 

proliferation of epithelial cells 

 Full barrier restoration should be multi-faceted, including immunosuppression, tight junction 

support, and epithelial maintenance. 

CONCLUSIONS 

Through interviews and literature review, we have established that there are no currently marketed drugs 

with a primary indication for gut function restoration.  The extant potential opportunities for small 

molecule gut restoration in tropical enteropathy include those for enterocyte support, tight junction 

restoration, and antibiotic treatment. 

Key informants and literature review suggested that lubiprostone and glutamine have evidence for 

possible barrier function restoration in enteropathy.  Although it is already on the market to treat 

constipation, lubiprostone has had some initial studies that show some barrier function restoration.  

Results have been mixed for glutamine treatment, but some studies show that it can increase absorption.  

Among the early stage therapeutics, larazotide acetate and MLCKI have had promising studies for tight 

junction restoration.   However, these drugs are in early development, and much more research is needed 

before they would be useful in clinical settings. 

Additional literature review into the HIV and historical literature did not proffer further novel opportunities 

for gut restoration.  Ritonavir was described as promoting intestinal function in a single study in the HIV 

literature, although no further evidence describing benefit was identified.  Aside from ritonavir, treatment 

for HIV enteropathy has taken mainly large molecule/biologics approaches.  The historical literature for 

treatment of tropical sprue suggests that only antibiotics demonstrated a therapeutic effect on barrier 

function.  Even though specific pathogens are not usually identified in tropical sprue or enteropathy, the 
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reduction of gut microorganism load from antibiotic treatment might alleviate inflammation and allow 

restoration of absorptive and barrier functions. 
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