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Non-standard abbreviation: 

5-aminosalicylic acid, 5-ASA 

ANOVA, analysis of variance 

Crohn's disease, CD 

dinitrobenzene acid, DNBS 

sodium dextran sulphate, DSS 

Inflammatory bowel disease, IBD 

Laboratory of Synthesis and Evaluation of Bioactive Substances, LASSBio 

Ulcerative colitis, UC 
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Abstract 

Inflammatory bowel diseases (IBDs) are caused by inflammation of the gastrointestinal 

tract, which may or may not have a specific cause or pathogen. They affect millions of 

people around the world and there are still few effective treatments. The aim of this 

work is to investigate anti-inflammatory effect of IKK-β inhibitor, LASSBio-1524, and its 

three analogues, LASSBio-1760, LASSBio-1763 and LASSBio-1764 in experimental 

animal models of intestinal inflammatory diseases, in mediators production and 

expression of inflammatory enzymes. Colitis was performed using two different 

models, which mimic Crohn's disease (induced by dinitrobenzene acid, DNBS) and 

ulcerative colitis (induced by sodium dextran sulphate, DSS) in mice. In both models 

was performed a therapeutic protocol with 1, 3 or 30 μmol/kg daily dose. LASSBio-

1524 and its three analogues reduced the secretion of TNF-α, IL-1β, IL-6, IL-12, IFN-γ 

and increased secretion of IL-10, protecting gastrointestinal homeostasis. All 

compounds reduced macro and microscopic colonic damage caused by experimental 

colitis and p38 MAPK expression in the colon, as well as leukocytosis and anemia 

resulting from the disease. Our data may suggest LASSBio-1524 and its analogues 

(LASSBio-1760, LASSBio-1763 and LASSBio-1764) as promising candidates for new 

prototypes designed to inflammatory bowel diseases treatment. 
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Significance Statement: 

1) Three new n-acylhydrazones were synthetized as analogues of LASSBio-1524 

2) All new substances were evaluated in dextran sulphate- and DNBS-induced colitis, 

with LASSBio-1760, LASSBio-1762 and LASSBio-1763 presenting significant effect in 

both models of colitis without toxic effects 

3) The new substances could be considered as new prototype for the development of 

new anti-inflammatory in the treatment of colitis  
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Introduction 

Inflammatory bowel diseases (IBDs) are idiopathic and chronic inflammatory 

diseases that affect colon and other parts of the gastrointestinal tract. It is generally 

considered to be multifactorial, with as its main trigger the imbalance of microbiota 

homeostasis in genetically susceptible organisms (Graham and Xavier, 2013; Tomasello 

et al., 2014). IBDs encompass a number of intestinal pathologies, with ulcerative colitis 

(UC) and Crohn's disease (CD) having both overlapping features and a profile similar to 

symptoms that may include diarrhea, rectal bleeding, abdominal pain, and weight loss 

(Jurjus et al., 2016). 

Pathophysiology of the IBDs includes an increased production of 

proinflammatory cytokines and chemokines and in the expression of costimulatory and 

adhesion molecules (Sartor, 2006). The cytokines TNF-α, IL-1β and IL-6 are most 

associated with both forms of IBD and usually arise secondary to the primary Th1/Th17 

or Th2 response due to stimulation of innate immune cells which are attracted to the 

inflammatory medium.  

In the gut, the dysfunction of the mucosal barrier will activate the innate 

immune system and trigger an acute inflammatory response that begins in the lamina 

propria (Mittal et al., 2014. Consistent with its role in various cellular processes, 

signaling pathways involving mitogen-activated protein kinases (MAPK) arein a variety 

of human diseases, including IBDs. MAPKs are components of signaling cascades in 

which various extracellular stimuli converge to initiate inflammation, including the 

production of proinflammatory cytokines, eg TNF-α, IL-1, IL-2 and IL-6 and there are 

ongoing studies to determine the role of MAPKs in mediating IBD (You et al., 2017). 
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First-line therapy for mild to moderate ulcerative colitis comprises anti-

inflammatory drugs containing 5-aminosalicylic acid (5-ASA) (Figure 1), such as oral and 

rectal mesalamine (Aloi et al., 2013; Low et al., 2013). Up to 20% of patients with IBDs 

discontinue immunosuppressive therapy because of adverse effects (Couto et al., 

2010; Aviello and Knaus, 2017). Considering that initial studies revealed that TNBS-

induced colitis could be treated successfully by local administration of anti-p65 

oligonucleotides (Neurath et al., 1996), the NF-kB pathway became a desirable target 

for therapeutic interventions in IBD. In fact, many efforts have been made in recent 

years to develop selective NF-kB inhibitors (Freitas and Fraga, 2018). Thus, together, 

some studies suggest that inhibitors of this pathway could be excellent new therapies 

for the treatment of IBDs, just as effective as current therapies, without the harmful 

side effects associated with some of these compounds (Gamble et al., 2012). 

In this context, LASSBio-1524 was characterized as the first anti-inflammatory 

prototype, presenting the N-acylhydrazone privileged structure (Thota et al., 2018), 

that acts as IKK-β inhibitor with IC50 of 20 μM. Further pharmacological studies with 

this substance showed in vivo anti-inflammatory activity comparable to the IKK 

inhibitor SC514 (Avila et al., 2011). Structural changes were introduced in LASSBio-

1524 in order to improve its water solubility and as a consequence the efficacy of new 

analogues designed by combination of isosteric exchange of the nitro group and partial 

reduction of the naphthyl ring. Three new analogues (LASSBio-1760, LASSBio-1763 and 

LASSBio-1764) (Figure 1) were synthetized and tested, demonstrating better effects in 

acute inflammation models (Cordeiro et al., 2016). 
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In continuous efforts looking for new and better anti-inflammatory drugs with 

less side effects, our aim in this work was to evaluate these three N-acylhydrazones in 

models of inflammatory bowel diseases (i.e., colitis and Crohn’s disease). 

 

Materials and Methods 

LASSBio-1524 and analogues synthesis 

N-acylhydrazone derivatives, LASSBio-1524  and its three analogues, LASSBio-1760, 

LASSBio-1763 and LASSBio-1764, were synthesized in the Laboratory of Synthesis and 

Evaluation of Bioactive Substances (LASSBio, UFRJ, Brazil), following procedures 

previously described by Cordeiro and coworkers (Cordeiro et al., 2016). After 

confirmation of a purity profile > 95%, the compounds were submitted to in vivo 

pharmacological assays.  

 

Animals and treatments 

Swiss Webster mice (20-30 g, n = 6-9), females, aleatory randomized, were donated by 

the Animal Production Center from Instituto Vital Brazil (Niteroi, Brazil), maintained 

with free access to water and food, in addition to the 12-hour light/dark cycle and 

controlled temperature in microisolated shelves. Studies in animals have been carried 

out in accordance with the Guide for the Care and Use of Laboratory Animals as 

adopted and promulgated by the U.S. National Institutes of Health and were approved 

by the Institution’s Animal Care and use Committee. Experimental protocols followed 

the rules recommended by Law No. 11,794, dated 10/8/2008, by the National Council 

for the Control of Animal Experimentation (CONCEA) and approved by the Ethics 
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Committee for Animal Use (CEUA), the Center for Health Sciences/UFRJ, receiving the 

number 30/19. 

LASSBio-1524, LASSBio-1760, LASSBio-1763, LASSBio-1764, and 5-ASA were 

solubilized in dimethylsulphoxide (DMSO) in order to prepare a stock solution at 1 

mmol/ml. Solutions of use were prepared for a daily oral dose of 1, 3 or 30 μmol/kg (of 

each LASSBio) or 300 µmol/kg (for 5-aminosalicylic acid, 5-ASA,) and solubilized in 

Polysorbate 80 (Chen et al., 2017). DMSO concentration did not exceed 0.05% in the 

final solution of the doses. 

 

Sub-Chronic toxicological assay 

The protocol for sub-chronic methodology as similar to OECD407 guideline (published 

in annual report 2008) with minor adaptations. Briefly, LASSBio-1524, LASSBio-1760, 

LASSBio-1763, and LASSBio-1764 were orally treated with 100 µmol/kg for 14 

consecutive days.  Every two days the animals were weighed and observed for changes 

in pelage and behavior (eg aggressiveness, sedation, piloerection, diarrhea). At the 14th 

day, mice were euthanized and a sample of blood was collected to a complete blood 

count analysis using an automatic cell counter (pocH-100iV Diff, Sysmex, USA). 

 

DSS-induced colitis 

DSS-induced experimental colitis was performed through administration of DSS in 

animal water (Bento et al., 2011a). Induction of colitis was performed in two 

consecutives cycles of 5 days of DSS (2%) followed by 10 days of water (supplementary 

material, Figure 1). Throughout the protocol, the animals were monitored for 

behavioral changes (such as isolation, aggressiveness, and hair loss) and consistency of 
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feces. At the end of each phase, the animals were euthanized, the colon was collected, 

washed with saline solution (NaCl 0.9%) and stored at -70°C for further dosages or 

fixed in formaldehyde in water (4%) for histological analysis. Treatment of animals 

started at the end of the second period of induction (at 31st day) and lasts 7 days. 

 

DNBS-induced colitis 

Protocol was performed according to Morampudi et al. (2014), with adaptations. The 

animals were kept on a liquid diet of glucose solution (5%) 24 hours prior to induction. 

After solid fasting, the animals were anesthetized with Ketamine (50 mg/kg)/Xylazine 

(10 mg/kg, ip). Colitis was induced by an intracolonic injection of DNBS (1 mg/animal in 

0.1 ml of 35% ethanol). Vehicle-treated group received only saline solution (0,1 ml). 

After induction of colitis, the animals were maintained in dorsal decubitus with a body 

inclined at 45° for 4 minutes. Throughout the 72 hours experiment, mice were 

monitored for body weight change and survival rate after what were euthanized with 

an overdose of ketamine/xylazine. The colon was removed, washed with saline and 

stored in at -700C for further dosages or fixed in 4% formaldehyde until histological 

analysis. Oral treatment started on day 4 and lasts 3 days (supplementary material, 

Figure 2). 

 

Tissue cytokines assessment 

Cytokine secretion (IL-1β, TNF-α, IL-6, IL-12, IL-10, IFN-γ) and chemokine MCP-1 in 

colon were quantified using ELISA-specific kits, the BD OptEIATM Set Mouse ELISA 

according to the manufacturer's recommendations (B&D Biosciences, USA). The distal 

portion of the colon was removed and homogenized with the complete ™Protease 
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Inhibitor Cocktail protease inhibitor (Thermo Scientific, NY, USA). The material was 

centrifuged at 10.000 g for 10 minutes at 4°C, and the supernatant stored at -70° C 

until analysis. For cytokine dosing, 96-well plates were incubated overnight at 4°C, with 

the capture-specific antibody. 

The bicinchoninic acid colorimetric method (BCA) was used for the 

determination of colonic tissue proteins (Hill and Straka, 1988), following the 

commercial protein quantification kit BCA TM Protein Assay (Thermo Scientific, NY, 

USA) and results were expressed as cytokine pg/µg of protein from the tissue sample. 

 

Index of disease activity 

During the experimental protocols of colitis, the animals were examined daily in 

relation to the index of disease activity (IDA) (Ghia et al., 2008; Hussein et al., 2008) 

and before the colons were prepared for histological analysis, a numerical score of the 

colonic abnormalities was assigned as follows: no damage (0), hyperemia without 

ulcers (1), ulcer with no significant inflammation (2), linear ulcer with one site of 

inflammation(3), two or more sites of ulceration/inflammation (4) 0.5 cm of ulceration 

and inflammation (5) sites of ulceration/inflammation extending 1 cm along the length 

of the colon (5 -10). The IDA is the combined sum of scores regarding the observation 

of the animal and its colon macroscopic analysis. 

 

Histological preparations 

At the end of the experimental protocols for induction of colitis, the final portion of 

the colons were removed, washed with saline (NaCl 0.9%) and fixed in formaldehyde 

(4%) for 24 h. After sequential incubations in xylol, ethanol (100%), ethanol (80%) and 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on June 16, 2020 as DOI: 10.1124/jpet.120.000074

 at A
SPE

T
 Journals on M

arch 20, 2024
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


12 
 

distilled water, the colon was placed in paraffin and subsequently sectioned on the 

microtome in a thickness of 5 μm and placed on slides. These slides were 

deparaffinized and hydrated up to the water. It was then stained with 

hematoxylin/eosin. Analyses were done using an Olimpus optical microscope with the 

CellSens software in the 4x and 40x magnifications. 

 

Assessment of anemia 

Hemogram analyses were performed on samples of blood collected with heparin 

before the animals were euthanized. 

 

Data and statistical analysis  

The data and statistical analysis comply with the recommendations on experimental 

design and analysis in pharmacology. Data are expressed as mean (6 to 9 animals) ± 

standard deviation. Statistical significance (p<0.05) was calculated by analysis of 

variance (ANOVA) followed by Bonferroni post-test using Graph Pad Prism 8 software 

(GraphPad Software Inc., San Diego, CA, USA). 

 

 

Results  

LASSBio-1524 and its analogues reduced cytokines secretion during DSS and DNBS-

induced colitis 

To elucidate whether the compounds would have anti-inflammatory effects in the 

experimental model of ulcerative colitis, experimental protocol for DSS-induced colitis 

was performed, and animals received daily an oral dose of 1, 3 or 30 μmol/kg during 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on June 16, 2020 as DOI: 10.1124/jpet.120.000074

 at A
SPE

T
 Journals on M

arch 20, 2024
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


13 
 

the last seven days of the experiment. Cytokines (TNF-α, IL-1β, IL-6, IL-12, IFN-γ IL-1β, 

IL-1β, IL-1β, IL-10) and the chemokine MCP-1, were evaluated in the protocol 

described above. DSS-induced colitis increased cytokines levels and treatment with 

LASSBio-1760, LASSBio-1763 and LASSBio-1764 at 30 μmol/kg reduced TNF- 

secretion. It is also interesting to note that the higher dose of all three compounds 

showed a significant effect even when compared with the positive control group (5-

ASA). All doses of the compounds (LASSBio-1760, LASSBio-1763, and LASSbio-1764) 

significantly reduced the production of IL-1β, and at 30 μmol/kg it was observed a 

reduction in IL-6 and IL-12 secretion.  Levels of IFN-γ was reduced only when mice 

were treated with 30 μmol/kg of each compound. Levels of IL-10 were significantly 

higher after treatment with LASSBio-1763 (at 30 μmol/kg). However, none of other 

substances did affect this cytokine production. All compounds (at 30 μmol/kg) also 

significantly reduced MCP-1 levels when comparing with the control group (Figure 1). 

DNBS-induced colitis, a model that assembles to Crohn’s Disease, was also 

assessed after treatment with the compounds. DNBS induction significantly increased 

cytokines levels in vehicle-treated group. All substances (at 30 μmol/kg) almost 

completed blocked TNF-α, IL-6, IFN-γ, and MCP-1 secretion. IL-1β levels were reduced 

only after daily treatment with the higher dose and it was observed an increase in IL-

10 production only when mice were daily treated with LASSBio-1763 (at 30 μmol/kg) 

(Figure 2). 
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LASSBio-1524 and its analogues reduce macroscopic and microscopic damage as 

reduces phosphorylated p38 MAPK in colon of mice 

Studies have shown that tissue damage in the colon during experimental colitis 

is associated with increased inflammatory cells and mediators (Lazaro et al., 2020). To 

further verify and relate the reduction of mediator production with tissue 

improvement, histological sections and subsequent analysis of colon damage were 

performed. According to Figure 3, colitis impaired colon integrity as seen in vehicle-

treated group. Treatment with LASSBio-1524 and its analogues drastically reduced 

tissue damage, aiding in the maintenance of epithelial structure, preservation of 

intestinal crypts, as well as reduction in the cellular infiltrate in the intestinal mucosa. 

The presence of p38MAPK in animals’ colons with colitis was markedly higher than in 

treated animals, with emphasis on reduction after treatment with LASSBio-1763 and 

LASSBio-1764 compounds.  

In addition to the biochemical and histological parameters observed, animals’ 

colons of the experimental groups were evaluated for macroscopic tissue damage in 

order to complement the data related to the inflammatory mediators. Epithelial 

lesions, thickening and ulceration points in the colonic intestinal epithelium were 

reduced after treatment in both experimental models. In DSS-induced and DNBS-

induced groups, there was improvement in the macroscopic appearance of the colon, 

corroborating the data obtained in the dosage of inflammatory mediators, all colons of 

the treated animals presented appearance closer to the animals of the vehicle-treated 

groups (Figure 3). 
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Extraintestinal manifestations of colitis were reduced after treatment with LASSBio-

1524 and analogues 

Anemia is one of the most frequent complications and/or extraintestinal 

manifestations of IBDs. Blood changes may be noticeable because of the chronic 

inflammation to which the organism is being exposed (Kaitha et al., 2015). Colitis 

induction in both protocols reduced red blood cell count, consistent with blood 

diarrhea generated, as well as hemoglobin and hematocrit. Treatment of mice with at 

30 µmol/kg of the LASSBio-1524 or its analogues reestablished hemoglobin levels and 

hematocrit percentage to normal levels (Figure 4). 

 

Neither LASSBio-1524 nor analogues caused any sign of toxicity 

As LASSBios demonstrated significant effects reducing cytokines levels and 

inflammatory parameters in both models of inflammatory bowel diseases, induced by 

DNBS and DSS, we evaluated the possible toxic effect of the compounds when 

administering for 14 consecutive days. Data obtained demonstrated that none of 

compounds, at 100 µmol/kg daily dose, induced any alteration in evaluated 

parameters, such as peripheral and bone marrow cell count and variation in weight 

gain (supplementary material, figures 3 and 4). 
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Discussion  

Homeostasis of the intestinal microbiota requires an appropriate immune 

regulation, where there is prevention of uncontrolled immune responses against the 

beneficial commensal microbiota, which may potentially lead to inflammatory bowel 

diseases (IBDs) such as ulcerative colitis (Simeoli et al., 2017). Diseases related to 

exacerbated inflammation, such as rheumatoid arthritis, asthma, diabetes and IBD are 

still among the most difficult to treat (Hansson and Libby, 2006). Traditionally it is 

understood that the end of the stimuli generated by the inflammatory mediators is 

already able to close the process. But there are other cells involved that, if not 

removed, can further damage the tissue, such as polymorphonuclear cells (Lawrence 

et al., 2002).  

Based on data following tests on acute inflammation models with LASSBio-1524 

(Avila et al., 2011) and its three analogues, LASSBio-1760, LASSBio-1763 and LASSBio-

1764, which inhibited polymorphonuclear migration, responsible for the initial 

inflammation (Cordeiro et al., 2016), the present work aimed to elucidate the role of 

these new compounds after a longer treatment and in established models of 

inflammatory diseases, such as Crohn's disease (CD) and ulcerative colitis (UC). 

In recent decades, different experimental animals models of IBD have been 

created. These models can be divided into models of spontaneous colitis, inducible 

colitis, models with genetically modified animals and models of adaptive transfection. 

Models induced by chemical agents are the most common used, as they are simple 

and the onset, duration, and severity of inflammation of the intestinal mucosa are 
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immediate and controllable. In this group, we can include sodium dextran sulfate (DSS) 

and trinitrobenzene sulfonic acid (TNBS), which are well-defined models of mucosal 

inflammation. Both models have been used for more than two decades in the study of 

IBD and pre-clinicals studies (Perse and Cerar, 2012). Although pathogenesis of IBDs is 

complex, new studies point that deregulation of microbiota has been strongly 

associated with chronic diseases. Since there is no association between IBD and 

specific pathogens, the fact that the intestinal environment is inflamed may not 

contribute to a definitive identification of the causative agent.   

UC usually exhibits a histological pattern of active chronic colitis, which refers 

to the presence of active inflammation accompanied by chronic mucosal lesion 

characteristics. The activity is defined as the presence of neutrophil-mediated 

epithelial lesion, which may take the form of neutrophils infiltrating the crypt 

epithelium, collections of neutrophils within the crypt boundaries (crypt abscesses). 

Accumulation of plasma cells near the base of the mucosa between the base of the 

crypt and the muscle mucosa (basal plasmacytosis) is common. Focal or diffuse basal 

plasmacytosis (combined with crypt distortion) is a strong predictor for the diagnosis 

of chronic idiopathic inflammatory bowel disease and occurs in more than 70% of 

patients (Geboes and Hertogh, 2003). Chronicity is defined by the architectural 

distortion of the crypt, among other characteristics. The architectural distortion is 

represented by the shortening of the crypts (i.e., presence of space between the 

bottom of the crypts and the upper edge of the muscular mucosa), including 

shortening of crypts, variation in crypt sizes and shapes (Deroche et al., 2014). In the 

normal mucosa, the crypts are evenly spaced, arranged perpendicular to the muscular, 

and the crypt bases contact the upper edge of the muscular layer of the mucosa. These 
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data were confirmed by those found in both models of colitis, since the animals in the 

control group presented irregularities and loss of crypt integrity. These characteristics 

were re-established after treatment with LASSBio-1524 and its three analogs. 

The colitis induction model that assembles to Crohn's disease, DNBS-induced 

colitis is a well-characterized T-cell-mediated inflammation of the colon that is 

delivered by intrarectal instillation of the substance DNBS into ethanol. Ethanol is used 

to break down the mucosal barrier, allowing DNBS to stimulate the host's immune 

response to hapten-modified microbiota or autologous proteins. An advantage of this 

model over the DSS-induced model is that the inducing agent is known (Axelsson et al., 

1996).  

TNF-α is a proinflammatory cytokine considered crucial in the pathophysiology 

of IBDs and antibodies against TNF-α in IBDs are being tested in UC and CD patients. 

Treatment with the compounds in both colitis models significantly reduced TNF levels 

in the tissue of the animals, which places them as compounds of interest so that they 

are further studied to ensure a beneficial position against the inflammatory damage 

caused in these diseases. 

The efficacy of treatment observed in CD patients provided a justification for 

screening in patients with UC. Thus, in active UC stages, there is an increased 

production of TNF-α by mononuclear cells of the colonic lamina propria with high 

concentrations of TNF-α found in rectal tissues and faeces (Jurjus et al., 2016). Recent 

studies have shown another human IgG1 monoclonal anti-TNF-α antibody, golimumab, 

currently effective in inducing and maintaining remission in patients with ulcerative 

colitis, especially those who have never received anti-TNF treatment. No large study 

evaluated the efficacy of golimumab after failure of a first-line TNF antagonist therapy. 
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In the case of loss of response to a first anti-TNF agent, monitoring of therapeutic 

drugs is essential to determine the most appropriate therapeutic option (Flamant et 

al., 2017). In the intestine, the barrier rupture quickly activates the innate immune 

system and triggers an acute inflammatory response that begins in the lamina propria 

(Mittal et al., 2014). Uncontrolled and persistent oxidative stress with overproduction 

of ROS and/or inadequate removal of ROS by antioxidant systems will cause apoptosis 

and tissue injury (Aviello and Knaus, 2017). Oxidative stress not only induces direct 

damage to intestinal cells, but also causes unregulated redox signaling, leading to NF-

κB and MAPK activation and subsequent overexpression of pro-inflammatory cytokines 

and adhesion molecules. Therefore, oxidative stress may contribute to the 

perpetuation of bowel inflammation in IBD (Zhu and Li, 2012). 

In DSS-induced colitis, at the highest concentration, all molecules were able to 

significantly reduce TNF-α production. It is worth mentioning that the prototypes 

containing the phenylboronic acid fragment, LASSBio-1760 and LASSBio-1763, were 

more effective in reducing TNF-α. For anti-TNF-α action, nitrophenyl group, present in 

LASSBio-1524 and LASSBio-1764, was not shown to be a bioisoster of phenylboronic 

acid group, present in LASSBio-1760 and LASSBio-1763. This is because were small 

differences between anti-TNF-α actions between the two groups of molecules. 

Regarding IL-6, IL-1β and IL-12, all molecules reduce interleukins production in a dose-

dependent manner. IL-12 reduction was more evident, especially at the concentration 

of 30 µM. At 30 µM, IL-12 decrease for all compounds was so great that it was similar 

to animals levels that were not induced to the disease. Regarding the decrease in 

production of IL-6, IL-1β and IL-12, we can observe that the nitrophenyl subunit has 

bioisosteric relationship to phenylboronic acid subunit. 
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Regarding IL-10, there was a reduction in relation to animals that were not 

treated. However, there was no significant decrease in this interleukin. The opposite 

occurred, means higher the concentration was related to IL-10 increase. This pattern 

was repeated among all the molecules used in the paper. This action is expected since 

IL-10 has an anti-inflammatory action and substances used in this work have anti-

inflammatory action. 

INF-γ and MCP-1 showed a slighter dose-response decrease. Only LASSBio-1760 

and LASSBio-1524 significantly reduced interleukins at the highest dose. It is worth 

noting that both substances present naphthyl in its structure, therefore, for this action, 

naphthyl subunit was extremely relevant. However, tetrahydro-naphthyl fragment, 

present in present in LASSBio-1763 and LASSBio-1764, showed an evident lower 

efficacy for the action of decreasing INF-γ and MCP-1. 

It should be noted that in the highest dose used, all molecules studied in this 

work were more effective than the drug used as a standard, 5-ASA.  LASSBio-1763 

suggested to be the most promising prototype reducing levels of pro-inflammatory 

interleukins and increased the level of anti-inflammatory cytokine. 

In general, it is clear that the compounds and 5-ASA were more effective in 

DNBS-induced colitis model than the previous one. Even using same doses, the 

reduction in interleukins levels was much more effective. All cytokines and MCP-1 

showed a dose-response decrease, with the exception of IL-10. It is worth mentioning 

the significant reduction in IL-6 and INF-γ. In general, our compounds proved to be 

pharmacological equipotent in the model, that is, similar levels in cytokines decrease. 

Thus, we can affirm that the 4-phenylboronic acid subunit was a bioisoster of 4-
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nitrophenyl for its anti-inflammatory action. However, LASSBio-1763 proved to be the 

most promising prototype in this model, since it was the only one able to significantly 

reduce IL-6, IL-12, IFN-γ, and MCP-1. In addition, LASSBio-1763 increase IL-10 

production, which is compatible and expected with the anti-inflammatory action 

observed. Regarding colon protection action, molecules appear to be equipotent, with 

no major differences. Additionally, our substances showed similar levels of protection 

in both animal models of colitis. These results corroborate the pharmacological 

relevance of our prototypes. 

With respect to the structures of the aforementioned compounds, it should be 

noted that both are only ones that have tetrahydronaphthyl fragment. This is an 

evident indication that tetrahydronaphthyl subunit was crucial for this 

pharmacological action. Additionally, these results corroborate the participation of the 

formation of reactive oxygen species and p38 since in previous studies the same 

compounds showed a significant reduction in radical oxygen superoxide formation 

(Cordeiro et al., 2016).  

Considering the search for new drug candidate prototypes, this information is 

extremely valuable and relevant. Stimulation with lipopolysaccharide (LPS) or 

peptidoglycan activates the secretion of proinflammatory mediators of monocytes, 

macrophages, and dendritic cells (Kawai and Akira, 2007). Toll-like receptors (TLRs) 

activate signaling pathways of NF-κB and MAPKs through the MyD88/IRAKs adapters. 

Thus, binding of LPS or peptidoglycan to TLRs induces the phosphorylation of IRAK1 

and/or MAPKs by pathogenic agents or proinflammatory cytokines (Jeong et al., 2014).  

Our data demonstrated that all substances used in this work, especially 

LASSBio-1763, reduced disease severity, colonic tissue damage, infiltration of 
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inflammatory cells and production and expression of proinflammatory mediators.  

Although the association of results obtained in animal models for clinical application in 

humans is not trivial, the evaluated compounds may be an interesting therapeutic 

alternative for the treatment of inflammatory bowel diseases, since they present a 

significant reduction of the main proinflammatory mediators involved in the process, 

besides the increase of an important immune modulatory cytokine, IL-10. Compounds 

significantly reduced the production of the cytokines tested in the two induction 

models (DNBS- and DSS-induced colitis). It is also important to mention that none of 

the compounds presented any toxic effect neither in an acute administration 

(Cordeiro, 2016) nor in a sub-chronic protocol. 

Finally, the results on the molecular effects of LASSBio-1524, LASSBio-1760, 

LASSBio-1763 and LASSBio-1764 obtained in this work are important information for 

understanding the mechanism of action of these compounds in IBD. Fortunately, all 

molecules proved to be candidate prototypes for drugs to treat colitis. Our data 

reaffirms that the N-acylhydrazone subunit, present in all substances, is a privileged 

structure. It is worth mentioning LASSBio-1763 as the best prototype, as it presented 

the best anti-inflammatory action globally. 
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Legends for Figures 

Scheme 1. Structures of the molecules used in this work 

 

Figure 1 - Effect of LASSBio-1524 and analogues on tissue levels of cytokines or 

chemokines in DSS-induced colitis. The animals received a daily dose of LASSBio-1524, 

LASSBio-1760, LASSBio-1763 or LASSBio-1764 (1, 3 or 30 μmol/kg) or 5-aminosalicylic 

acid (5-ASA, 300 μmol/kg). Results are expressed mean ± standard deviation of 

cytokine (picogram per microgram of protein) of the tissue sample (n=7). Statistical 

significance (p<0.05) was calculated by analysis of variance (ANOVA) followed by Tukey 

post-test. #compared with vehicle-treated group without colitis; *compared to the 

vehicle-treated group with colitis. 

 

Figure 2 - Effect of LASSBio-1524 and analogues on tissue levels of cytokines or 

chemokines in DNBS-induced colitis. The animals received a daily dose of LASSBio-

1524, LASSBio-1760, LASSBio-1763 or LASSBio-1764 (1, 3 or 30 μmol/kg) or 5-ASA (300 

μmol/kg). Results are expressed mean ± standard deviation of cytokine (picogram per 

microgram of protein) of the tissue sample (n=7). Statistical significance (p<0.05) was 

calculated by analysis of variance (ANOVA) followed by Tukey post-test. #compared 

with vehicle-treated group without colitis; *compared to the vehicle-treated group 

with colitis. 
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Figure 3 - LASSBio-1524 and its three analogues reduce colonic damage and 

phosphorylated p38 MAPK expression after induction of colitis by DSS and DNBS. A: 

DSS-induced colitis. B: DNBS-induced colitis. At the end of each therapeutic protocol 

with 30 µmol/kg/day, the colon was removed and the index of disease activity (IDA) 

was recorded, with the combined sum of scores regarding the observation of the 

animal and its colon macroscopic analysis. Results are expressed as mean ± standard 

deviation (n=7). The histological images are representative of the tissue damage of the 

colon of saline animals, DSS/DNBS + or therapeutically treated + DSS/DNBS. The 

arrows in DSS/DNBS+ vehicle groups represent disruption of intestinal crypts. 

Histological sections were stained with H&E, magnification of 4x and 100x. Staining for 

immunohistochemistry for expression of phosphorylated p38 MAPK, magnification of 

100x. 

 

Figure 4 - Hemoglobin count and hematocrit increase after treatment in DSS and 

DNBS-induced colitis. The animals received a daily dose of 5-ASA (300 μmol/kg) or 30 

μmol/kg of LASSBio-1524, LASSBio-1760, LASSBio-1763 or LASSBio-1764 in the last 

seven days (DSS) or four days (DNBS) of the experiment. The results are expressed as 

mean ± standard deviation (n=8). Statistical significance (p <0.05) was calculated by 

analysis of variance (ANOVA) followed by Tukey post-test. #compared with vehicle 

group who did not have colitis induction; *compared to vehicle in colitis induction 

group. 
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Figure 1 

 

Figure 1 - Protocol for the chemical induction of colitis using DSS. The animals 

underwent two cycles of induction and recovery. At each cycle mice received DSS (2%) 

for five consecutive days followed for 10 consecutive days of filtered water. Animals 

were treated with the standard drug 5-ASA (50 mg/kg), LASSBio-1524, LASSBio-1760, 

LASSBio-1763 or LASSBio-1764 (30 μmol/kg) orally once daily from day 31 to day 37. At 

37th day the animals were euthanized and colons were removed and stored at -70°C 

for several dosages or stored in formaldehyde (4%) for histological analysis. 

 

  



 

 

Figure 2 

 

Figure 2 - Protocol for the chemical induction of colitis using DNBS. After 24 hours 

fasting, animals received intracolonically injection of 0.1 mL of 2,4-dinitrobenzene 

sulfonic acid solution (DNBS, 1 mg/animal in 35% ethanol). Vehicle group received 0.1 

mL of saline (NaCl 0.9%). Four days after injection of DNBS animals were oral treated 

every 24 hours with the standard drug 5-ASA (50 mg/kg), LASSBio-1524, LASSBio-1760, 

LASSBio-1763 or LASSBio-1764 (30 μmol/kg) lasting until day 8. At  the 8th day mice 

were euthanized and had their colon removed for analysis. 

 

 

 

  



 

 

Figure 3 
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Figure 3 – LASSBios did not affect leukocyte count in peripheral blood or bone 

marrow. LASSBio-1524, LASSBio-1760, LASSBio-1763, and LASSBio-1764 were orally 

administered at 100 μmol/kg during 14 consecutive days. Total leukocyte counts were 

done in peripheral blood and bone marrow. Results are expressed as media ± standard 

deviation (n=8).  

 

 

 

 

  



 

 

Figure 4 
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Figure 4 – LASSBios did not affect weight gain during 14 days of oral treatment. 

LASSBio-1524, LASSBio-1760, LASSBio-1763, and LASSBio-1764 were orally 

administered at 100 μmol/kg during 14 consecutive days. Each every 2 days mice’s 

weight were recorded. Results are expressed as media ± standard deviation (n=8). 
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