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RESUM 

L'endoscòpia és un procediment mínimament invasiu que permet diagnosticar 
condicions dins del tracte gastrointestinal, respiratori o urinari, mitjançant un 
endoscopi que s'insereix a través d'un orifici corporal. Els avenços en la medicina 
endoscòpica han conduït al desenvolupament d'una endoscòpia terapèutica que 
permet als metges tractar nombroses condicions mitjançant tècniques endoscòpiques 
com l'eliminació de pòlips i tumors primerencs.  

La resecció endoscòpica de lesions grans condueix a defectes extensius de la mucosa 
i exposició submucosa, amb un risc substancial de complicacions (hemorràgia, 
estenosi i perforació), ja que els nostres enfocaments mecànics i tèrmics actuals són 
ineficaços en el tancament i resolució de les lesions produïdes per la resecció 
endoscòpica. D'altra banda, hi ha una creixent demanda de procediments endoscòpics 
secundaris als programes de detecció colorectal, a causa de la incidència creixent de 
càncer colorectal (CCR) i malaltia inflamatòria intestinal (MII) i no hi ha solució per a 
l'administració sostinguda de teràpies bioactives per al tractament local de lesions 
inflamatòries o tumorals. 

Per resoldre aquestes necessitats de l’endoscòpia terapèutica hem desenvolupat un nou 
hidrogel, Covergel, que s'aplica directament a través de l'endoscopi sobre les lesions 
de la mucosa després dels procediments endoscòpics terapèutics. Covergel ha 
demostrat sòlides propietats curatives en models preclínics. Covergel és 
biocompatible, biodegradable i bioactiu; té una viscositat i capacitat d'adhesió 
apropiades, es pot aplicar fàcilment a través de l'endoscopi i promou  la reepitelització 
fisiològica.  

Aquesta composició s'ha desenvolupat buscant les substàncies i les seves proporcions 
que millorarien la viscositat, l'adherència i la resistència a la degradació bacteriana. La 
solució optimitzada resultant presenta la interessant propietat de convertir-se en un 
gel a l'entrar en contacte amb les mucoses, el que s'aconsegueix mitjançant un augment 
de la seva viscositat inherent amb la temperatura. En la seva forma de gel, el hidrogel 
pot romandre adherit a la mucosa durant un llarg període de temps (almenys 36 h), 
actuant així com un escut per evitar lesions tèrmiques després de EMR o ESD. Hem 
obtingut resultats positius en estudis de prova de concepte de lesions induïdes per 
dany tèrmic derivat de EMR en rates i porcs que mostren una eficàcia estadísticament 
significativa en la curació de la mucosa del nou hidrogel. 

A mes a mes, també hem testat la capacitat d'administració sostinguda de fàrmacs del 
nostre hidrogel, actuant com una plataforma alliberadora de fàrmacs per administrar 
molècules petites i anticossos monoclonals per tractar localment les lesions de la 
mucosa en CRC o IBD. Els resultats obtinguts han sigut prometedors ja que, no 
nomes hem demostrat que la aplicació d’una plataforma alliberadora de fàrmacs a 
traves de l’endoscopi es possible, sinó que a mes a mes es efectiva en la resolució de 
les malalties en els models animals testats.   

Aquest estudi suposa la creació d’una nou hidrogel per a millorar l’endoscòpia 
terapèutica i dotar-la de noves eines per a incrementar els casos en el que es possible 
fer servir endoscòpia evitant així altres procediments terapèutics mes invasius. 

 





 

ABSTRACT 

Endoscopy is a minimally invasive procedure that allows diagnosing conditions inside 
the gastrointestinal, respiratory or urinary tract, by means of an endoscope which is 
inserted through a body passageway. Advances in endoscopic medicine have led to 
the development of therapeutic endoscopy that enables physicians to treat numerous 
conditions using endoscopic techniques such as the removal of polyps and early 
tumors.  

Endoscopic resection of large lesions leads to extensive mucosal defects and 
submucosal exposure, with a substantial risk of complications (haemorrhage, stenosis 
and perforation), as our current mechanical and thermal approaches are ineffective in 
the closure and resolution of injuries produced by endoscopic resection. On the other 
hand, there is a growing demand for endoscopic procedures secondary to colorectal 
detection programs, due to the increasing incidence of colorectal cancer (CCR) and 
intestinal inflammatory disease (IBD). Moreover, there is no solution for sustained 
administration of bioactive therapies for the local treatment of inflammatory or 
tumoral lesions. 

To solve these needs of therapeutic endoscopy we have developed a new hydrogel, 
Covergel, which is applied directly through the endoscope on mucous lesions after 
endoscopic therapeutic procedures. Covergel has demonstrated solid healing 
properties in preclinical models. Covergel is biocompatible, biodegradable and 
bioactive; it has an appropriate viscosity and adhesion capacity, it can be easily applied 
through the endoscope and promotes physiological re-epithelialization.  

This composition has been developed looking for the substances and their 
proportions that would improve viscosity, adherence and resistance to bacterial 
degradation. The resulting optimized solution presents the interesting property of 
becoming a gel when it comes into contact with the mucous membranes, which is 
achieved by increasing its viscosity with temperature. In its gel form, the hydrogel can 
remain attached to the mucosa for a long period of time (at least 36 hours), acting as 
well as a shield to avoid thermal injuries after EMR or ESD. We have obtained positive 
results in studies of evidence of lesions induced by thermal damage derived from EMR 
in rats and pigs that show a statistically significant efficacy in the cure of the mucosa 
of the new hydrogel. 

In addition, we have also tested the ability of sustained drug administration of our 
hydrogel, acting as a drug-delivery platform to administer small molecules and 
monoclonal antibodies to locally treat mucous injuries in CRC or IBD. The results 
obtained have been promising since, not only have we shown that the application of 
a drug-delivery platform through the endoscope is possible but is also effective in the 
resolution of diseases in animal models tested. 

This study involves the creation of a new hydrogel to improve therapeutic endoscopy 
and provide it with new tools to increase the cases in which it is possible to use 
endoscopy thus avoiding other more invasive therapeutic procedures. 
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1. Colon 

The human colon is a tubular organ that extends from the ileocecal valve to 

the rectum. Its length ranges from 90 to 150 cm and its primary functions are 

water and electrolytes absorbance and storage of feces for the subsequent 

controlled excretion1. This organ is divided into four segments: ascending 

colon, transverse colon, descendent colon and sigmoid colon1 (Figure 1). 

 

Figure 1. Anatomy of the colon1. 

The ascending colon occupies a vertical position on the right side of the 

abdominal cavity, going upwards until it reaches the inferior part of the liver 

known as the hepatic flexure. The transverse colon crosses the abdominal 

cavity horizontally just below the liver, stomach and spleen and on top of the 

small intestine. This section of the colon goes from the hepatic flexure to the 

splenic flexure. At both flexure points, the colon turns on itself 90º. The 

descending colon is also in a vertical position on the left side of the abdominal 

cavity, descending from the splenic flexure to the iliac crest where it connects 

with the Sigmoid colon. The sigmoid colon forms a loop shaped like an S, 

laying within the pelvis, and ends in the  rectum1. Although constituting only 



Colon 

22 

one organ, the ascending and transverse segments are grouped together as the 

“right colon” and the descending and sigmoid segments as the “left colon”. 

These subgrouping of the right and left colon arises from different 

embryological origins and the differences in blood supply and innervation1. 

Histologically, the wall of the colon consists of 4 different layers: mucosa, 

submucosa, muscular and serosa (Figure 2). 

 

Figure 2. Colon histology. Extracted from Fiser et al2.  

The mucosa layer consists of a simple columnar epithelium that lies on top of 

connective tissue called the lamina propria, and then a thin layer of smooth 

muscle called the muscularis mucosae, which separates the mucosa and 

submucosa3. The epithelial cells, which form finger-like invaginations into the 

underlying connective tissue of the lamina propria, constitute the basic 

functional unit of the intestine, the Liberkühn crypts or Colonic crypts3. The 

submucosal layer is formed by connective tissue where a network of blood 

and lymphatic vessels settle3. The muscular layer consists of smooth muscle in 

two different orientations, thus creating one layer of muscle in a circular 

fashion on the inner part of the wall and a longitudinally layer on the outer 

part of the wall. Finally, the most extern layer of the wall is the serosa layer, a 

smooth tissue membrane consisting of two layers of mesothelium3,4. 
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In rats, the colon does not encircle the internal organs in the same way it does 

humans. Therefore, a different nomenclature is required. Authors in the 

community have labeled the four segments in a rat colon as: caecum, proximal 

colon, distal colon and rectum5,6 (Figure 3). 

 

Figure 3. Colon of the rat. Left, diagram of the colon5 and right, tomographic image. 
1) stomach, 2) descending duodenum, 3) ascending duodenum, 4) small intestine, 5) 
caecum, 6) distal ileum, 7) small flexure of the proximal colon, 8) proximal colon, 9) 
major flexure, 10) distal colon, 11) rectum. 

The colon of an adult rat measures around 25 cm in length. The first part, the 

caecum, measures approximately 4-5 cm and presents a kidney like structure 

with a minor curvature where the outlet of the distal ileum is located, and a 

convex major curvature. The colon adopts a tubular form right next to the 

minor curvature, on the distal pole of the caecum. Rats do not have vermiform 

appendix5–7. The proximal colon measures around 6 cm and presents a marked 

oblique folding of the mucosa. This characteristic mucous membrane pattern 

changes in the major flexure as a transition zone to the distal colon where a 

more protuberant mucous membrane can be found as the wall thickness of 

the colon decreases from the rectum to the caecum. The distal colon has a 

length between 7-9 cm and runs straight to the rectum which has a  length of 

3-5 cm5–7. Histologically, the colon of the rat doesn’t present major differences 

that of a human’s colon5. 
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1.1. Colonic crypts 

Liberkühn crypts or Colonic crypts house the tissue-specific multipotential 

stem cells. These stem cells are located in the niche at the base of the crypt 

and they hold the ability to regenerate all colonic epithelial cell types8. 

There are four major fully differentiated epithelial cell types found in the colon 

(Figure 4): colonocytes or absorptive cells, mucus-secreting Goblet cells, 

peptide hormone-secreting endocrine cells and Paneth cells. Intestinal crypts 

are clonal populations which ultimately derive from a single cell during 

development9. 

 

Figure 4. Structure of a colonic crypt. Adapted from Medema et al10. 

The niche of a colon crypt can be found by a different gradient of gene 

expression throughout the crypt11. Stem cells inside the crypt will express 

unique markers such as LGR5+ or ASCL2 that can only be found in these 

stem cells11. Furthermore, stem cells and transit amplifying (TA) cells show a 

gradient of proliferation genes such as EPHB2 or OLFM4 which grows 

weaker the higher you look onto the crypt11. Differences regarding molecular 

biology of cells can also be found throughout the different parts of a crypt. In 

the proliferative area of the crypt where TA cells are, WNT signaling pathway 

is more activated. This activation decreases towards the top of the crypt where 

BMP signaling pathway is more active11 (Figure 5).  
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Figure 5. Gene pattern of colonic crypts11. Intestinal epithelial cell development and 
stem cell niche maintenance. 

At the top of the crypt, the ratio of the different mature cells is also important8. 

The proportion of Goblet cells (mucus-secreting cells) has been found to be 

about 20-30% on the right colon and increases towards the left colon where it 

can reach up to 40-50% of total cells8. The proportion of these Goblet cells 

to the other major cell type, absorptive cells, might be important for electrolyte 

and fluid movement8. The percentage of non-Goblet cells is formed on its 

majority by absorptive cells higher on the surface of the crypt. Entero-

endocrine cells and Paneth cells (only found on the right colon) are both found 

in a small number at the base of the crypt8. 

No consensus has been reached on the mechanism controlling the self-

renewal, proliferation and differentiation within the crypt; two major schools 

of thought define these theories (Figure 6): 
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- The Pedigree models state a hierarchical heredity on the different cell 

types found in the crypt. Stem cells inside the crypt would overcome 

an asymmetric cell division resulting in another stem cell and another 

cell that differentiates into a TA cell. These TA cells will then divide 

symmetrically, each new generation will be more differentiated than 

the previous one until reaching the fully differentiated cell types of 

the crypt. The core of this theory is that after amplifying divisions, 

each cell is already set to its future mature state. This model accepts 

that cells would not be completely exempt from the environmental 

effect12. 

.  

Figure 6. The Pedigree (A) and Niche (B) concept12. 

- The Niche models give all the responsibility of progression and 

differentiation of crypts cells to signals from the microenvironment. 

This microenvironment is the niche where epithelial stem cells are 

located. The microenvironmental conditions will change along the 

surface of the crypt. The bottom of the crypt is the niche where the 

cells would be stimulated to become stem cells and as they leave the 

bottom of the crypt and move upwards, the microenvironment 

indicates the cells to proliferate and differentiate into a fully mature 

state. In this model, all cell division are symmetric, but only cells 
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resulting from a division that stay in the bottom of the crypt will 

remain stem cells12. 

1.2. Mucosal healing 

The mucosal barrier in the gastrointestinal tract is a defense mechanism against 

potentially harmful agents in the intestinal lumen such as parasites, viruses, 

bacteria or dietary products13,14. 

When this barrier is disrupted a biological process called epithelial restitution 

is activated. The extent of this response will depend on the lesion size13,15. 

Small lesions affecting one or two cells will trigger a localized effect in the 

surrounding epithelium13,15. Bigger lesions activate a more vigorous response 

which will enlist other cell types from the lamina propria such as 

myofibroblasts and immune cells13,15. This will lead to a secondary wound 

healing. Depending upon the extent of fibrous tissue accumulation, possible 

fibrosis and stenosis can occur13,15. Long lasting wounds in the intestinal 

barrier can lead to bacterial translocation from the gut to the peritoneum, 

leading to possible adverse event such as infections13. 

The wound healing process will start when an injury causes an outpouring of 

lymphatic fluid and blood16, and 4 phases are well distinguished (Figure 7): 

- Hemostasis phase. The wound is rapidly closed by clotting. Blood 

vessels constrict to restrict blood flow. Platelets stick together to seal 

the break in blood vessels, this is caused by the release of adenosine 

5’ diphosphate. Then coagulation occurs by the deposit of fibrin in 

the clot. Both intrinsic and extrinsic coagulation pathways are 

activated. This is a really quick process within the first minute after 

the injury. The initial vasoconstriction is followed by a vasodilatation 

to allow the influx of white blood cells (WBC) and the beginning of 

the next phase16. 
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Figure 7. Wound healing phases16. 

- Inflammation phase. Injured blood vessels will leak transudate (water, 

salts and proteins) causing localized swelling. This phase will start with 

hemostasis and chemotaxis. WBC and thrombocytes release 

mediators and cytokines. Platelets release mediators like histamine 

and serotonin which increase cellular permeability, or platelet deriver 

growth factor (PDGF) which attracts fibroblasts and along with 

transforming growth factor (TGF) enhance their multiplication. 

Fibroblasts are in charge of collagen synthesis. WBC adhere to the 

fibrin clot. Neutrophils decontaminate the wound by phagocyting 

cellular debris and bacteria. Inflammation is seen by swelling, heat, 

pain and redness in the area, all caused by cells and growth factors16.  
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- Proliferative or granulation phase. This phase starts around day 5 to 

7. The wound is now stabilized thanks to the collagen and the extra 

cellular matrix (ECM) secreted by fibroblasts. To maintain this new 

tissue, neovascularization occurs both by angiogenesis and 

vasculogenesis. All the collagen and ECM help in contracting the 

wound. Reepithelization or epithelial restitution finally occurs with 

the migration of epithelial cells from the wound edges and 

periphery16. 

- Maturation or remodeling phase. This phase starts around week 3 and 

can last up to a year. Collagen starts remodeling from type III to type 

I and excess collagen is degraded. Wound contraction is faster. 

Collagen starts organizing along tension lines. Water is reabsorbed so 

collagen fibers can lay closer and cross-link. Excess cells not needed 

anymore undergo apoptosis. Healed wound areas will have about 

80% of the tensile strength of unwounded skin16. 

Epithelial restitution has traditionally been divided into three different and 

overlapping phases. First the cells on the edge of the wound undergo a de-

differentiation state and migrate to the wound. This migration is followed by 

a cellular proliferation and finally re-differentiation. The goal is to obtain a new 

epithelial cell monolayer and reestablish tight and adherent junctions for the 

intercellular communication. This process is regulated by growth factor, 

chemokines, cytokines and other factors13,15,17. 

2. Colorectal cancer 

According to the WHO18, colorectal cancer (CRC) is the 3rd most common 

cancer worldwide with an estimated incidence rate of 19.7 per 100,000 

person/year (1,849,518 new cases in 2018) and the second according to 

mortality (880,792 deaths in 2018)18. 
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Many risk factors account for CRC, being the two most important age and 

male gender, followed by family history, inflammatory bowel disease (IBD), 

smoking or excessive alcohol consumption. 

The first variation observable in a normal epithelium that can lead to CRC are 

aberrant crypt foci, which are clusters of abnormal tubular-like glands in the 

epithelium of the colon and rectum and are considered to be the precursors 

of adenomas. These adenomas, adenomatous polyps or most commonly 

known as simply polyps can grow for a long period of time and is estimated 

that up to one third of population will develop polyps along their life. 

Nevertheless, and besides the potential to become cancerous of all polyps, 

only about a 10% will evolve into invasive cancer. The larger the polyp and 

the longer it grows, the more probability to become a cancer lesion, a 

carcinoma. CRC developed from polyps accounts for 96% of all cases. Once 

the carcinoma has penetrated into the deeper layers of the colon wall, it can 

reach blood and lymphatic vessels spreading first to nearby lymph nodes and 

later to other organs or tissues causing metastasis18–21 (Figure 8: evolution of 

CRC. Adapted from Cox et al22. 

 

Figure 8: evolution of CRC. Adapted from Cox et al22 

CRC is classified by three different aspects: local invasion depth (T stage), 

lymph node involvement (N stage) and distant metastases (M stage). Together 

all these stages combine into an overall stage of the tumor that will lead the 

therapeutic decisions (Table 1 and Table 2). 
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Table 1: Classification of colorectal cancers according to local invasion depth (T stage), 
lymph node involvement (N stage), and presence of distant metastases (M stage)23. 

T Stage 
Tx No information about local tumor infiltration available. 
Tis Tumor restricted to mucosa, no infiltration of muscularis mucosae. 
T1 Infiltration through muscularis mucosae into submucosa, not into 

muscularis propria. 
T2 Infiltration into, but not beyond, muscularis propria. 
T3 Infiltration into subserosa, non-peritonealised pericolic or perirectal 

tissue or both; no infiltration of serosa or nearby organs. 
T4a Infiltration of the serosa. 
T4b Infiltration of nearby tissues or organs. 
N Stage 
Nx No information about lymph node involvement available. 
N0 No lymph node involvement. 
N1a Cancer cells detectable in 1 regional lymph node. 
N1b Cancer cells detectable in 2-3 regional lymph nodes. 
N1c Tumor satellites in subserosa or pericolicor perirectal fat tissue, 

regional lymph nodes not involved. 
N2a Cancer cells detectable in 4-6 regional lymph nodes. 
N2b Cancer cells detectable in 7 or more regional lymph nodes. 
M Stage 
Mx No information about distant metastases available. 
M0 No distant metastases detectable. 
M1a Metastasis to 1 distant organ or lymph node. 
M1b Metastasis to more than 1 distant organ or lymph node or peritoneal 

metastasis. 
 

2.1. Etiology 

CRC is the result of an accumulation of genetic and epigenetic alterations 

which causes the transformation of normal colonic mucosa into invasive 

cancer. Pre-existing adenomas harboring some of these genetic mutations 

might finally give rise to CRC in a process that can take about 10 years. It is 

thought that up to a 35% of all CRC can be attributed to heritable factors 

although nowadays and approximately 70% of CRC cases are sporadic19. 
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Table 2: Overall Union Internationale Contre le Cancer stage classification of CRC23. 

 T stage N stage M stage 
Stage 0 Tis N0 M0 
Stage I T1/T2 N0 M0 
Stage II T3/T4 N0 M0 
 
 

IIA T3 N0 M0 
IIB T4a N0 M0 
IIC T4b N0 M0 

Stage III Any N+ M0 
 
 
 

IIIA T1-2 N1 M0 
T1 N2a M0 

IIIB T3-4A N1 M0 
T2-3 N2a M0 
T1-2 N2b M0 

IIIC T4A N2a M0 
T3-4a N2b M0 
T4b N1-2 M0 

Stage IV Any Any M+ 
 IVA Any Any M1a 

IVB Any Any M1b 
 

2.1.1. Hereditary CCR 

Germline mutation in genes involved in colorectal carcinogenesis give 

hereditary CRC. Although it is believed that up to 35% of all cases are 

hereditary, only a 5% can be explained nowadays. Different syndromes are 

associated with hereditary CRC. 

Familial Adenomatous Polyposis (FAP) 

FAP is an autosomal dominant disorder characterized by a germline mutation 

in the Adenomatous Polyposi Coli (APC) gene. FAP accounts for less than 1% of 

all cases of CRC. Patients with FAP present hundreds to thousands of 

adenomatous polyps during adolescence and young adulthood. The location 

of the mutation in the APC gene seems to correlate with the severity of the 

syndrome and the extracolonic manifestations present. APC has an important 

role in maintaining the homeostasis of the colonic epithelium and is an 

important component in the canonical Wnt/b-catenin pathway. Mutations in 
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APC cause an accumulation of b-catenin which will bind to the T-cell factor 

(TCF) family of transcription factors altering the expression of different genes 

involved in proliferation, differentiation, migration and apoptosis19,24,25. 

Hereditary Non Polyposis Colorectal Cancer (HNPCC) or Lynch Syndrome 

HNPCC or Lynch syndrome is an autosomal dominant condition caused by 

germline mutations in the DNA mismatch repair (MMR) system. The MMR 

system is in charge of repairing mistakes in the DNA replication and thus, a 

fault in the system will eventually lead to an accumulation of errors, an increase 

rate of mutations and finally a higher risk of malignancy19,24,25. 

MYH-Associated Polyposis (MAP) 

MAP is caused by an autosomal recessive mutation in the mutY DNA glycosylase 

(MUTYH) gene, which encodes an enzyme called MYH glycosylase, a base 

excinsion repair (BER) that targets oxidative DNA damage. This 

carcinogenesis pathway seems to be different that of chromosome instability 

(CIN) pathway or microsatellite instability (MSI) pathway24. 

Hamartomatous polyposis syndromes 

Hamartomatous polyposis syndromes include Peutz-Jeghers syndrome, 

Juvenile Polyposis syndrome and Cowden syndrome. 

2.1.2. Sporadic CRC 

There are three major genetic mechanisms responsible for sporadic CRC: 

Chromosomal instability (CIN) pathway 

This pathway account for the majority (up to 65%) of sporadic CRC. It follows 

a classical adenoma-carcinoma progression, and the tumorigenic process 

involves activation of oncogenes and inactivation of tumor suppressor genes. 

CIN is a result from defects in chromosome segregation that causes 

aneuploidy, telomere dysfunction and loss of heterogeneity (LOH). One of 
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the key alterations is the suppression of the tumor suppressor APC gene. 

Mutation in APC will cause a dysregulation in the canonical pathway of 

Wnt/b-catenin pathway as it happens in FAP. Other common mutation in the 

CIN pathway are mutations in the KRAS protooncogene, tumor suppressor 

p53 and heterozygosity for the long arm of chromosome 18 (18qLOH)24–26. 

Microsatellite instability (MSI) pathway 

This pathway account for about 10-15% of all sporadic CRC and is the form 

of genetic instability present in about 95% of HNPCC. MSI pathway is 

primarily caused by deficiencies in the MMR system. Deficiencies in MMR 

system causes a 100-fold increase mutation rate in colorectal mucosal cells. 

Depending on how many microsatellite loci are affected by instability, MSI 

can be differentiated between high, low or microsatellite stable. MSI-high 

processes with a hypermethylation silencing of mutL homolog 1 (MLH1) gene 

promoter24–26. 

CpG Island Methylator Phenotype (CIMP)/Serrated Pathway 

This pathway consists on aberrant hypermethylation of CpG sequences in the 

promoter regions of genes involved in cell cycle regulation, apoptosis or DNA 

repair. Hypermethylations cause silencing and thus, loss of gene expression. 

CIMP phenotype can also be divided in high or low according to the number 

of methylated markers. Mutation in B-Raf proto-oncogene (BRAF) gene are 

usually found in CIMP-High CRC. Moreover, BRAF mutation have been 

found in 90% of CRC cases with sessile serrated adenomas (SSA)24–26. 

2.2. Treatments 

Surgically, the gold standard practice for the treatment of rectal cancer is the 

removal of the rectum along the mesorectum and the mesorectal fascia to 

avoid leaving any lymph nodes possibly affected behind. When facing colon 

cancer, the tumor and the corresponding lymph nodes must also be retrieved. 

Imitating the complete mesorectal removal in rectal cancer, some experts have 
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proposed a complete mesocolic excision, which would aid in the resection of 

a greater amount of mesocolon and lymph nodes19,20. When carcinoma in situ 

is present, endocopic removal of polyps might be sufficient if no tumor cells 

are found in the surrounding tissue after polypectomy. 

Adjuvant chemotherapy after surgical resection of tissue is recommended in 

patients with high risk of recurrence, such as patients in Stage II-III, which 

have a 15-50% risk of recurrence. This adjuvant therapy is usually based on 5-

fluorouacil (5-FU), but other drugs have been tested such as Capecitabine (and 

oral prodrug of fluorouacil), Oxiplatin or Irinotecan19,20. 

Radiotherapy, as a neoadjuvant therapy, is being tested both before surgical 

removal of tumors in order to reduce their size, and after surgery alone or in 

combination with chemotherapy, but the effect of radiotherapy is no yet all 

clear and further clinical research has to be carried out19,20. 

Biological targeted therapy is directed to molecules involved in the 

carcinogenesis of CRC that aims to reduce toxicity and adverse effects of 

chemotherapy. This therapy is based in monoclonal antibodies that can be 

given alone or in combination with some chemotherapy. The two main 

molecules targeted are epidermal growth factor (EGF) and vascular 

endothelial growth factor (VEGF)20,26. 

2.3. Animal models of CRC 

Different CRC models have been developed to help in research and drug 

discovery. These models offer the ability to mimic genetic, histologic and 

molecular features of human CRC but not fully reaching an optimal imitation 

of the disease27 (Table 3). 

In vitro models represent the first model used when developing and testing new 

drugs against CRC. Basically, we have human and mouse CRC cells lines and 

organoids27. 
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Table 3: Overview of the advantages and disadvantages of in vitro and in vivo colorectal 
cancer models27. 

Model type Model Advantages Disadvantages 

In vitro 
 
 
 
 
 
 
 
 

Cell lines Easy to culture. 
Many well-
characterized lines 
available. 
Easy to model multiple 
genetic mutations. 

Monoclonal cells 
poorly represent 
heterogeneity of 
tumor. 
 

Organoids Possibility for 
personalized 
treatment. 
Ability to model 
normal intestinal 
tissue. 
Easy to model multiple 
genetic mutations. 

Can be costly to 
culture. 
 

In vivo 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Xenografts, 
Organoid 
xenograft, 
Patient-derived 
xenograft 
 

Easy to establish, rapid 
tumor onset.  
Can be used with most 
human cell lines. 
Recapitulates histology 
of human CRC. 
Can be derived from 
patient tumor or from 
genetically altered 
normal tissue for 
personalized therapy. 
Therapy tailored for 
individual patients. 
Tumor histology and 
genetic heterogeneity is 
similar to original 
tumor. 

Requires 
immunodeficient host.  
Non-colon 
microenvironment. 
Homogeneous cell 
population does not 
reflect tumor 
heterogeneity.  
Can be used with most 
human cell lines.  
Potentially long tumor 
latency. 
 

Orthotopic 
transplantation  

Uses the same 
microenvironment 
(colon) as human 
cancer. If transplanted 
into distal colon, 
optical colonoscopy 
can be used to monitor 
growth and response 
to therapy. 

Technically challenging 
to perform. If human 
cells are used, requires 
immunodeficient 
animal. 
 

Carcinogen-
induced  
 

Near 100% efficiency 
in tumor formation. 
Ability to induce 
tumors in most mouse 
strains. Correct tumor 

Models inflammatory 
bowel disease-
mediated CRC rather 
than sporadic CRC. 
Long tumor latency. 
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microenvironment. 
Recapitulates human 
adenoma histology. 

Time consuming and 
expensive to model 
multiple mutations. 

In vivo 
metastasis 

Genetically 
engineered,  
Splenic 
transplantation
, CCR9-
mediated liver 
metastasis 
 

Correct tumor 
microenvironment. 
Recapitulates human 
adenoma histology. 
Histologically accurate 
liver metastases. 
Reproducible liver 
metastasis or seeding. 
Liver metastasis form 
from primary intestinal 
tumors 

Most tumors are 
adenomas, not 
carcinomas. 
Long tumor latency 
and poor penetrance 
make this model 
impractical for 
largescale study. 
Requires technically 
challenging surgery in 
Apc 
loxp14/loxp14LSLKra
s G12D/+ mice. 
Does not model true 
metastasis from 
primary tumor. 
Requires genetically 
manipulated cell lines. 

In vivo models are essential to study CRC on a tumor environment way, as they 

are a more reliable way to mimic all the microenvironment signals that have a 

role on the outcome of the disease27. Some common in vivo models are the 

ones created by transplant, specially cell line xenografts from both murine and 

human CRC cells lines, but also organoid xenografts. Most recently, patient-

derived xenografts, which are samples of a patient tumor injected onto a 

immunodeficient mouse allowing the tumor to grow have been used, allowing 

researchers to experiment with the exact tumor that a patient has27. 

Carcinogen induced models are developed by the application of a carcinogenic 

substance. These models show high reproducibility and are an inexpensive for 

tumor initiation27. 1,2-dimethylhyrazine (DMH), or its metabolite, 

azoxymethane (AOM) are used. AOM is N-oxidated and hydroxylated in the 

liver, then excreted in the bile. In the colon, microbial flora then metabolizes 

the agent into a form that promotes carcinogenesis. AOM administration 

results in tumors that often have mutations in KRAS and CTNNB1 (encoding 

b-catenin). However, mucosal invasion and distant metastasis is rarely seen in 
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this model27. The main disadvantage of the AOM model is the latency time 

that can take more than 30 weeks for tumors to appear. An alternative is the 

addition of dextran sodium sulfate (DSS), an agent that causes colitis. The 

combination of both lowers latency time to approximately 10 weeks, although 

this model is more representative of IBD induce CRC than sporadic CRC27.  

3. Inflammatory Bowel Disease 

Inflammatory bowel disease (IBD) is the name applied to a class of conditions 

that share the main characteristic of chronic inflammation of the 

gastrointestinal tract. These affectations show a variety of phenotypes, clinical 

behaviors and severity. Most common classification is: Crohn’s disease (CD), 

Ulcerative colitis (UC) and Indeterminate colitis (IC)28,29. 

Crohn’s Disease is characterized by a chronic inflammation that can affect any 

part of the digestive tract from mouth to anus. However, the vast majority of 

patients have affectations in the ileum and colon. This disease shows a 

segmented distribution, meaning that some areas of the gastrointestinal (GI) 

tract might be affected and not others. It has been observed that there are 

healthy sections between affected areas. The inflammation can be asymmetric 

throughout the circumference of the wall, but it is transmural, meaning that it 

affects all the layers of the wall in the affected area. Therefore, the swelling of 

the intestinal wall will affect the mucosa, submucosa, muscular and serosa 

layers. This phenomenon accounts for some of the clinical manifestations of 

the disease such as stenosis or fistulas. 

The most characteristic histological finding in these patients is the presence of 

noncaseating granulomas - an ensemble of epithelial cells, macrophages and 

lymphocytes, mainly T lymphocytes30–32. 

Ulcerative Colitis affects only the colon, starting on the rectum it can affect 

up to the cecum in the most extreme cases. In UC the affectation is continuous 

but is limited to the mucosal layer of the wall. Therefore, the appearance of 
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penetrating manifestations, such as transmural swelling, stenosis or fistulas, 

are extraordinary. 

Histologically, the most unique features of this disease are the limitation of the 

inflammation to the mucosal layer, congestive alterations on the lamina 

propria with an increase on the inflammatory infiltrate, distortion of the 

colonic crypts and neutrophil infiltration on them, architectonic deformation 

of the mucosal layer and overall a diminution of the mucus barrier30,33,34. 

Indeterminate Colitis is defined by the presence of a chronic colitis of 

unknown etiology which, after histological study, cannot be differentiated 

between CD or UC28,29. 

3.1. Etiology 

The cause of IBD is not fully understood yet. The main consensus settles on 

a combination of genetic, endogenous and environmental factors that together 

causes this disease. Important changes, such as dysbiosis, increased mucosal 

barrier permeability and bad regulation of the gut immunity trigger an 

exacerbated immune response and a chronic inflammatory state. A clear 

alteration in the interaction between host microbiome and the mucosa is seen, 

as a result of both genetic inheritance at several susceptibility loci and 

environmental factors. These susceptibility loci are mainly related with barrier 

function, innate and adaptive immunity35. 

UC and CD are polygenic diseases. Genome-wide scans have found 

susceptibility regions on 12 different chromosomes. However, no single locus 

has been reported in all genome scans carried out35. One of this susceptibility 

locus affects the nucleotide-binding oligomerization domain containing 2 gene 

(NOD2). Mutations affecting NOD2 hinder its ability to recognize ligands and 

are thought to cause a disturbance in the normal unresponsiveness of the 

gastrointestinal mucosa to host microbiota35. 

What is seen in IBD is a loss of control of the intestinal immune system at 
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different levels. The increased permeability of the mucosa allows the passage 

of luminal antigens towards the underlying tissue accompanied by an affection 

on innate and adaptive immune cells which will express a different profile of 

pattern-recognition receptors and thus, help on the activation and 

maintenance of an inflammatory response towards one’s own microbiota. The 

inflammatory microenvironment created on the mucosa promotes 

differentiation of naive T cells into effector T cells (Th1, Th17, and Th2) and 

natural killer T cells. Intestinal epithelial cells will also start expressing 

costimulatory molecules enabling them to function as antigen-presenting cells 

and further contributes to the effector T-cell response. The effector T-cell 

response causes a secretion of different proinflammatory cytokines that will 

stimulate macrophages to secrete tumor necrosis factor a (TNFa), interleukin 

1 and 6. The release of such numerous noxious mediators is responsible of 

tissue damage35–38. 

3.2. Treatments 

Current treatments used in IBD focus on inducing and maintaining a 

remission state of the disease and ameliorating effects secondary to IBD. Since 

the exact mechanism of the disease is not yet known, treatments are not 

working on modifying or reversing the underlying pathogenic mechanism. 

- Aminosalicylates: They derive from Mesalazine (5-ASA), an anti-

inflammatory agent. Its mechanism is based on a topical anti-

inflammatory effect due to a diminution of leukotriens and 

prostaglandins synthesis through the increased expression of 

peroxisome proliferator-activated receptor gamma (PPAR-γ). Their 

main adverse effects, although rarely frequent, are: diarrhea, 

headaches, skin rash and hematologic alterations. They are mainly 

used in UC, on the remission induction phase and on the maintenance 

phase at a lower dose39,40. 
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- Corticoids: This is the most commonly used group of drugs to treat 

moderate and severe flares both in CD and UC. They have a 

significant potential to inhibit the inflammatory response at different 

levels by reducing the vascular permeability and proliferation, 

neutrophil migration, and collagen deposits. Intracellularly they 

inhibit the NF-kB factor and the arachidonic acid pathway. Corticoids 

are indicated during the remission induction phase but not during the 

maintenance phase due to their adverse effects28. 

- Immunosupressants: The most commonly used immunosupressants 

for the treatment of IBD are the thiopurines. Thiopurines are 

primarily used in the maintenance phase and to avoid recurrence of 

patients. The classical understanding of the mechanism of action was 

thought to be the inhibition of nucleotide synthesis which decreased 

the production of B and T lymphocytes, and hence, the immune 

response. Recent work, however, shows that immunosupressants 

inhibit the coestimulation of lymphocytes thought their effect on the 

protein RAC128. 

- Biologics: This term is used to refer to monoclonal antibodies 

(mAb’s) against inflammatory cytokines. Biologics are drugs derived 

partly or completely from living biological sources, like animals or 

humans. The most extensively used group of biologics is the one that 

targets TNFa, a proinflammatory cytokine, such as Infliximab (IFX) 

or Adalidumab. Another group is the antibodies that target integrins, 

such as Vedolizumab (VDZ). They inhibit lymphocytes migration 

towards the gut. Recommendations on the use of biological therapy 

is for patients with moderate to severe disease that don’t respond, or 

are intolerant, to conventional therapy28,41. 
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3.2.1. Immunogenicity of biologics in IBD 

Biologics are big, complex proteins that have the risk of triggering an 

immunogenicity reaction in the body, and this could explain why up to a 30% 

of patients treated with biological therapy fail to meet desired endpoints or 

lose effectiveness towards the drug over time. This immunogenicity reaction 

will eventually lead eventually to the creation of Anti-Drug Antibodies (ADAs) 

and consequent loss of response42. 

 

Figure 9: US FDA nomenclature for biologics used in IBD and other diseases39. 

Vermeire et al42 carried out a systematic review evaluating immunogenicity 

publications of biologics used to treat IBD and concluded that all 6 drugs 

evaluated (IFX, Adalimumab, Certolixumab pegol, VDZ, Golimumab and 

Ustekinumab) triggered immunogenicity reactions in patients with IBD. 

Nevertheless, the immunogenicity rate oberserved presented a huge variability 

accountable to the drug, the time of the study, evaluation techniques or the 
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criteria for positive findings42. Therefore, these findings must be taken 

carefully when interpretations and comparisons are made. 

Casteele et al43 related Infliximab trough levels (ITLs), antibodies to Infliximab 

(ATIs) and disease activity. Their study evaluated samples from 483 patients 

who received maintainance therapy for CD, and concluded that there was a 

strong inverse correlation between ITL and C-Reactive Protein (CRP) defined 

remission of the disease. CRP is commonly used to evaluate inflammatory 

responses. Moreover, they also found a strong correlation between the 

presence of ATIs and the probability of active disease defined by CRP > 5 

mg/L. 

Their findings showed that ATIs negatively affect the efficacy of IFX even at 

low concentrations of ATI and an adequate concentration of ITLs. Another 

important finding was that ATIs seemed to have two mechanisms of action, 

not only by increasing the clearance of the drug as previously thought, but also 

by impairing the binding of IFX to TNFa, thus directly neutralizing the drug’s 

activity by coexisting both mechanisms in patients43. 

3.3. Animal models of IBD 

There is a wide variety of animal models that try to mimic IBD (Figure 10) but 

none of them are a complete replica of the disease, since the etiology of this 

disease is not yet fully understood. 

The two groups of animal models most used are the chemically induced and 

the genetically engineered models.  

Genetic engineering animal models can be further classified depending on the 

technique used to develop them. Conventional transgenic or Knock-Out 

(KO) models are genetically engineered to carry an overexpression or lack of 

certain gene in all cell types. Conditional Transgenic or KO models are 

engineered to overexpress or lack a gene in a specific cell type or under specific 

conditions that can be inducible. Knock-In (KI) models are characterized by 
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carrying a mutation in a gene of interest. Innate models are immune-deficient 

mice that lack both T and B cells and are able to develop spontaneous colitis44. 

 

Figure 10: Classification of IBD animal models44. 

Chemically induced animal models represent a cheap method of imitating 

IBD. They are an easy, rapid way of studying specifically the innate immunity, 

inflammation and repair mechanism of the disease. However, since they are 

caused by an exogenous aggression, the condition is not long lasting and 

normally is resolved by the animal model itself. Therefore, the chemically-

induced animal model is not a great representative model of a chronic disease, 

but a more useful model for acute outbreaks of the disease45. 

- The 2,4,6-Trinitrobenzenesulfonic (TNBS) acid model. Consists on 

the application of TNBS diluted in 50% ethanol through an enema. 

This model has been achieved in mice, rats, rabbits and pigs and 
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causes an acute colitis that courses with diarrhea, ulcerations and 

granulocytes infiltrate. The highest inflammation obtained with this 

model is reached at about 3-4 days after administration44. A closer 

model of chronic inflammation can be achieved by a regime of 

repeated administrations of TNBS, although this cannot be 

maintained for a long period of time. 

- The Dextran Sulfate Sodium (DSS) model. Consists on the 

administration of 1-5% DSS in drinking water that causes acute colitis 

after 7-10 days. This model is characterized by bloody diarrhea, 

ulcerations, intestinal inflammation, body weight loss, and shortening 

of colon length. Damage seems to be caused by a hyperosmotic insult 

to epithelial cells, thus, the animal recovers spontaneously after DSS 

treatment, allowing to study the mechanism of recovery processes 

from intestinal inflammation. 

4. Endoscopy 

Endoscopy is a diagnostic tool consisting of the introduction of a camera or 

lens inside a tube or an endoscope through a natural orifice or surgical incision 

for the visualization of a hollow organ or a body cavity. Various names can be 

given to endoscopy, depending on the cavity explored: enteroscopy for the 

small intestine, colonoscopy for the large intestine, rhinoscopy for the nose, 

bronchoscopy for the lower respiratory tract, citoscopy for the urinary tract, 

gynoscopy for the female reproductive system or laparoscopy for the 

abdominal or pelvic cavities. 

Endoscopy was initially established as a purely diagnostic procedure but has 

evolved to an important therapeutic modality over the last years46. The 

evolution of endoscopy has been marked by the vast improvements of 

visualization fidelity and the development of resection techniques that have 

given a therapeutic role to endoscopy. The growing capabilities of therapeutic 

endoscopy have ushered in a new era in the treatment of gastrointestinal 
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conditions. Significant technological advancements in endoscopic resection 

techniques have led to a rapid expansion of the indications of therapeutic 

endoscopy47. Colonoscopy itself is a commonly performed procedure for the 

diagnosis and treatment of a wide variety of affections to the colon as well as 

for the screening and surveillance of colorectal neoplasias48. 

4.1. Endoscopic resection techniques 

Several endoscopic resection techniques are used as a tool of local excision of 

neoplastic lesions confined to the mucosal layer (Figure 11). 

Polypectomy is a technique for the removal of polyps. When routine 

surveillance colonoscopy is performed, the majority of polyps found are < 10 

mm. This type of small lesions, especially the ones without submucosal 

invasion of the tumor lesion, can be easily handle with polypectomy49. Lesions 

smaller than 5mm can be removed with biopsy forces whereas with larger 

lesions up to 20 mm, a snare is used in polypectomy to loop a thin wire around 

the polyp and cut it49. 

Unlike in endoscopic polypectomy, in endoscopic mucosal resection (EMR) 

and endoscopic submucosal dissection (ESD), a physiological saline solution 

or a sodium hyaluronate solution is locally injected into the submucosa of a 

superficial-type tumor through an injection needle in order to elevate the 

mucosa and facilitate the control of the resected margins, often difficult to 

control accurately through polypectomy50. In EMR the lesion is strangled with 

a snare and then resected by applying high frequency current51. One of EMR 

limitations is the size of lesions in which it can be performed, < 20 mm. For 

larger lesions, piecemeal EMR (pEMR) is a possibility. The low number of 

cases in which en bloc resection can be performed by EMR translates into a 

greater rate or recurrence of tumor lessions49. Nevertheless, this should not be 

considered as failure of the technique. ESD is a knife-based dissection 

procedure in which the circumference of the lesion is incised using a needle-

type knife with electrical cutting current. The submucosal layer is then 
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dissected. The major advantage of ESD is that the lateral margin is sufficiently 

preserved50. This technique can resect the lesion in one piece regardless of its 

size51. ESD is considerably a more time consuming and difficult technique49. 

 

Figure 11. Endoscopic resection techniques52. 

The mucosa and muscularis propria are attached to each other by the loose 

connective tissue of the submucosa. Submucosal injection of a fluid creates a 

space between them (Figure 11), which allows resection of the mucosa alone 

leaving the muscularis propria layer intact. Lifting of the mucosal surface can 

be achieved after appropriate submucosal injection in any part of the 

gastrointestinal tract. After a sufficient volume of solution has been injected, 

the mucosa, including the target lesion, can be safely captured and resected by 
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electrocautery (EMR) or can be dissected by cutting submucosal tissue with 

an electrocautery knife (ESD)50. 

4.1.1. Adverse events in endoscopic resection 

The most significant complications related to endoscopic resections are 

bleeding and perforation. These adverse events (AE) can be treated and 

resolved with endoscopic methods in the majority of cases. However, surgery 

might be required in other cases such as in the case of a perforation. 

Bleeding is the most frequent complication related to this procedure. Bleeding 

can occur anytime within the first 48 hours and occasionally up to 14 days 

after the resection. In most cases, however, bleeding is self-limited and does 

not require treatment resulting in an almost null associated mortality rate. 

Intra-procedural bleeding (IPB) is bleeding occurring during the procedure 

which persists for more than 60 seconds or requires endoscopic intervention. 

IPB occurs in 2.8% of patients undergoing standard polypectomy53 and 11.3% 

of patients with lesions ≥ 20 mm treated with EMR54 and is rarely serious. 

Diluted adrenaline injection may be used to gain initial control of active 

bleeding but should always be used in combination with a second mechanical 

or thermal hemostatic method. 

Post-procedural bleeding (PPB) can be immediate or delayed, occurring after 

the procedure and up to 30 days, resulting in an unplanned medical 

presentation such as emergency department visit, hospitalizations or re-

intervention. The incidence of PPB ranges from 0 to 9.7%. 

Perforation has a rate of 0.03-0.8% during diagnostic procedures and 0.15-3% 

during therapeutic procedures55. Early diagnosis is crucial in the management 

of a perforation and determines the best therapeutic strategy for an optimum 

patient prognosis. Almost a third of the cases are detected immediately and 

the remaining are detected one to two days after the procedure. Risk factors 

for deep mural injury include attempted en bloc snare excision for lesions ≥ 25 
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mm, high grade dysplasia/early cancer and transverse colon location. 

After an endoscopic resection technique, it is essential to inspect the mucosal 

defect and rule out the existence of the target sign - the presence of muscular 

tissue at the base of the resected lesion surrounded by submucosa. In these 

cases, the eschar should be closed with clips in order to avoid delayed 

perforation. However, clip closure is inefficient for mucosal defects greater 

than 30 mm due to the limited size of clips. New protocols to prevent delayed 

perforations in these cases are needed56. 

Another typical AE is coagulation syndrome (CS). CS occurs when the bowel 

wall suffers an electrocoagulation injury, which induces a transmural burn, 

localized peritonitis and serosal inflammation. CS can occur after any resection 

technique. After polypectomy and EMR, according to literature, there is a 1% 

chance of CS. The possibility of CS increases with ESD up to a 9% of cases57. 

4.1.2. Submucosal injection 

Submucosal injection of a solution is aimed to separate the muscular and the 

mucosal layers in order to isolate the lesion to be resected on the mucosal 

layer. At the same time, the injection protects the muscularis propria from the 

potential damage derived from the endoscopic procedure, such as thermal 

and/or mechanical injury. Protection of the muscularis propria decreases the 

risk of adverse events such as bleeding and perforation58. 

Endoscopic resections techniques are carried out using an electrosurgical unit 

(ESU) which works by applying and electrical current through an electrode in 

contact with the tissue. Depending on the setting of the machine, ESU 

performs either coagulation or cutting procedure. The electric circuit that 

forms between the ESU, the electrode and the colon tissue can be affected by 

many variables. These variables can greatly alter the outcome of the procedure. 

Thus, electrical characteristics of the submucosal injection solution used also 

has an effect on this outcome59. Resistivity is a property of a material that 
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quantifies the opposition of a material to the flow of an electric current. 

Osmolarity is a measure proportional to solute concentration - the number of 

osmoles of solute particles per unit of volume in a solution. This value is 

indicative of the osmotic pressure of a solution which will determine how the 

solution will diffuse across a semipermeable membrane (osmosis). Viscosity is 

often referred to as the thickness of a fluid. At a molecular level, viscosity is 

the result of the interactions between the different molecules in a fluid and 

will determine the energy needed to make a fluid flow. Viscosity of a fluid, in 

particular blood, has been linked to its resistivity in studies where they 

examined the influence of fibrinogen on blood viscosity and its electrical 

resistivity60,61  

The ideal submucosal injection solution should: achieve and maintain a long-

lasting cushion remaining in the submucosal space long enough to safely allow 

the physician to perform the techniques needed, be a non-toxic solution 

therefor not influencing histological evaluation and should be an inexpensive, 

readily available and easily administered solution58,62–65. 

Saline is the most commonly used solution when performing a submucosal 

injection due to its low price and availability in all endoscopic units and its ease 

of use. Saline solutions are hindered by the quick absorption by the 

surrounding tissue. As a result, repeated saline solution injections are required 

during each procedure increasing the probability of AE66. 

In general, increasing the osmolarity of the solution also increases the duration 

of the submucosal cushion. However, the chance of tissue damage is increased 

due to osmotic pressure differences, and the greater force needed to inject 

more viscous solutions58. Some viscous and hypertonic solutions have been 

used in order to increase the feasibility of EMR or ESD by facilitating the 

formation and maintenance of the mucosal elevation67. 

Huai et al58, carried out the first meta-analysis exploring the influence of 

different classes of submucosal injection solutions. They identified a distinct 
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advantage of other solutions when compared to saline. These new viscous 

solutions represented an improvement in the clinical outcome of the 

procedure such as a higher en bloc resection and complete resection rates. 

However, there was no significant difference between the new submucosal 

injection solutions and saline in the prevention of AE62,67. Some examples of 

the new kind of solutions being studied are: 

- Glyceol®: a hypertonic solution which consists of 10% glycerin and 

5% fructose in normal saline. Uroka et al68 proved that glyceol was 

able to maintain a higher and longer submucosal cushion than saline68. 

- Dextrose water: a hypertonic solution able to maintain a cushion 

longer that saline, but with possible histopathological effect on 

samples if the concentration of dextrose is higher than 15%63,64. 

- Hyaluronic acid: a glycosaminoglycan with high viscosity and ability 

to retain water that doesn’t cause allergy or toxicity in humans. It is 

the substance that has maintained the submucosal cushion the longest 

and with the highest rate of en bloc resection in different studies58,63–65. 

- Fibrinogen mixture: this solution shows a high ability to maintain a 

submucosal cushion and facilitate en bloc resection. It also helps in the 

visualization through the endoscope after EMR since it can help in 

micro-bleedings coagulation69,70. One of the concerns about this 

solution is the possibility of cross-contamination from the blood from 

which the fibrinogen has been extracted. 

- Cellulose substances: such as hydroxypropyl methylcellulose or 

carboxymethylcellulose. Both are viscous solutions capable of 

maintaining the submucosal cushion in a similar fashion as hyaluronic 

acid, but with a reduced price. Special needles might be necessary due 

to the high viscosity of the solutions. Moreover, further safety and 

efficacy studies are required as these are synthetic solutions and might 

give rise to antigenic reactions63,71–73. 
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4.2. Endoscopic Shielding Technique 

Current resolutions to adverse events derived from endoscopy are inefficient 

and unable to prevent all possible complications. Endoscopic shielding 

technique has been incorporated lately as an easy and feasible technique to 

better improve the outcome of endoscopic procedures and endoscopic 

resection techniques. Endoscopic shielding technique refers to the endoscopic 

application of biocompatible substances with a known biological activity to 

cover lesions after therapeutic endoscopy, thus providing protection of a 

resected area and preventing AE74. Endoscopic shielding technique has been 

shown to avoid AE and indirect cost derived from hospitalizations to treat 

these AE74. 

Both experimental and clinical studies have been carried out to implement this 

technique and asses its efficacy and feasibility. Some of the substances that 

have been used are Chitosan hydrogel with EGF75 and Polyglycolic acid sheets 

with Fibrin Glue (PGA-FG)76–79 among others. All of the studies were carried 

out to try to increase mucosal healing and prevent delayed complications of 

resection techniques. These studies showed an efficacy greater than 80% in all 

cases by the final endpoint of the study. 

4.3. Endoscopy in CRC 

Endoscopy has a multitask role in CRC, from simply localizing tumors to 

therapeutic endoscopy. Based on the American Society for Gastrointestinal 

Endoscopy (ASGE) guideline “Role of endoscopy in the staging and 

management of colorectal cancer”80: 

- Presurgical localization of lesions is performed endoscopically. 

Malignant lesions are marked by endoscopic tattooing or metallic clips 

for the subsequent localization during surgery. This is especially 

important in flat, small colonic lesions difficult to find by simple 

visualization or palpation. 
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- Staging of CRC. Correctly staging the local invasion depth (T stage) 

of the tumor is of great importance for the first steps to take when 

CRC is diagnosed. Endoscopic ultrasonography (EUS) has shown, in 

different studies, a high specificity and sensitivity for the staging of 

T0 to T3 diseases, comparable to other visualizing techniques such as 

MRI or CT. Nevertheless, some limitations are still present, such as 

the understagement of T4 diseases, modest accuracy when evaluating 

N stage, or the advantage of MRI when guiding surgery due to the 

capacity of visualizing the anatomic position and relationship of 

tumors.   

- Endoscopic management of malignant obstructions. Endoscopy 

presents some alternatives, or previous steps before surgery in the 

management of colonic obstructions. Some alternatives are self-

expandable metal stents, tumor debulking or decompression tubes. 

Nevertheless, these techniques present some risk of AE such as 

obstruction, migration of the objects and perforation. Endoscopy 

should not be performed in patients with suspicion of perforation. 

- Endoscopic resection of neoplasia. Depending on the type of lesion 

found and the risk of recurrence, the choice of the resection technique 

can vary, but generally, flat and polypoid lesions found during 

endoscopy should be removed. Pedunculated lesions can easily be 

removed by polypectomy as long as the cancer is confined to the 

submucosa ad there is no evidence of unfavorable histological factors, 

otherwise, surgical removal might be necessary. 

Endoscopic removal of larger sessile or flat lesions will requires more advance 

techniques such as EMR or ESD. EMR is usually indicated for sessile or flat 

lesions confined to the mucosa or submucosa layers; lesions 2 cm or smaller 

can be resected en bloc, as for lesions bigger than 2 cm piecemeal resection or 

ESD are other options80. 
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It is very important to minimize residual polyp tissue as much as possible by 

taking small samples of the mucosa surrounding the polyp or by tissue 

ablation. Tissue ablation with argon plasma coagulation is used both as 

prophylactic after a piecemeal removal and as treatment of visible residual 

polyp tissue80. A randomized study found a lower risk of recurrence in patients 

who had had prophylactic argon plasma coagulation after piecemeal resection 

vs the ones who hadn’t (1/10 vs 7/11, P value = 0.2)81. A 2-6-month follow-

up after lesions resection is recommended for both endoscopic and 

pathological evaluation of complete removal80. 

Jacob et al82 performed a retrospective study on canadian population that was 

aimed to stablish the effect of colonoscopy on CRC incidence and mortality. 

For this, the authors used the health-service information of Ontario to study 

the incidence and mortality of CRC from 2001 to 2007 in patients aged 50-74 

and free of CRC on January 1st 2001, and the variable was whether they had 

had a colonoscopy between 1996-2000 or not. The conclusion of this study 

was that an increased use of colonoscopy was associated with a reduction in 

the incidence and mortality of CRC in the studied population82. 

4.4. Endoscopy in IBD 

The role of endoscopy in IBD has grown over the last years helping not only 

in the initial diagnosis to distinguish UC from CD but also in the assessment 

of the extent and severity of the disease, monitorization of the response to 

therapy, permitting surveillance of dysplasia or neoplasia and providing 

endoscopic treatment for complication such as strictures83.  

Colonoscopy coupled with ileoscopy allows the direct visualization and biopsy 

of the mucosa of the rectum, colon and terminal ileum. It has been proven as 

a safe procedure with a low rate of adverse events in patients with IBD84. 

Therefore, unless contraindicated, a full colonoscopy with ileoscopy should 

always be performed during the initial evaluation of patients with clinical 

symptoms suggestive of IBD83. Information obtained from an index 
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colonoscopy will be of great importance when differentiating UC and CD. 

There are many disease activity indexes for patients with IBD based on clinical 

symptoms or endoscopic imaging. However, there is still a poor correlation 

between existing symptoms scores for adults and the degree of endoscopic 

inflammation, or between clinical remission and mucosal healing29,85. 

Although no scoring system has been accepted as the standard, the existing 

endoscopic scoring systems for UC and CD are helpful for reporting 

endoscopic findings and assessing the endoscopic severity of the disease83. 

Capsule endoscopy (CE) is a wireless video-containing capsule which allows 

direct and minimally invasive visualization of the small-bowel mucosa. CE has 

become an important, first-line tool for the study of small-bowel pathologies 

such as CD29,83,86. Some of the contraindications of CE are strictures or 

obstructions. Therefore, some other imaging technique (MRI, Computerized 

tomography enterography (CTE) or barium contract) is needed before CE to 

ensure the patient has no contraindications that would preclude the use of 

CE29. CE is useful in the diagnosis of suspected small-bowel CD when 

radiology and ileoscopy are unsuccessful or have negative results. This process 

has given CE a higher diagnostic yield than other techniques for the small-

bowel87. The European Crohn’s and Colitis Organisation (ECCO) guidelines 

on endoscopy in IBD state that, with patients that are suspected to have CD 

but have negative ilecolonoscopy findings CE should be the first-line 

diagnostic tool if there are no obstructive symptoms88. 

Enteroscopy gives the opportunity to examine the small intestine not 

accessible by routine endoscopy. This technique permits the visualization of 

approximately 430 cm of the small intestine both via oral or rectum approach. 

This technique is useful in patients with abnormalities seen on other, less 

invasive, imaging techniques, since enteroscopy allows the endoscopic and 

histological evaluation as well as therapeutic interventions as hemostasis, 

stricture dilation or foreign body removal. Enteroscopy is accompanied by 

devices which assist on the technique and separate the technique on the basis 
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of which device is being used: single-balloon enteroscopy, double-balloon 

enteroscopy, spiral enteroscopy or intraoperative enteroscopy. Nevertheless, 

these different techniques show similar diagnostic yields. CD can be found 

mostly in the terminal ileum and for a complete evaluation a combination of 

enteroscopy techniques can facilitate an evaluation of about 100 cm of the 

bowel from the start of the terminal ileum, which is normally significant. 

Enteroscopy has a low post-procedure complication rate of about 1%, with 

pancreatitis and abdominal pain being the most common ones. Perforations 

have also been reported as procedure complications.29,83,86,89. 

Tharian et al90 categorized the role of endoscopy in the diagnosis and 

management of IBD into three different stages: 

- Complications that occur as a part of the natural history of IBD, such 

as strictures or neoplasia. 

- Complications related to endoscopy like perforations. 

- Complications related to surgery in patients with IBD: pouch-related 

complications or fistulae among others. 

Endoscopy is used for documentation of the severity of the disease, presence 

of pseudopolyps and presence of fistulae-including perianal lesions. 

Furthermore, IBD-associated benign strictures with obstructive symptoms 

treatable with therapeutic endoscopy can be managed throughout the 

gastrointestinal tract. For the diagnosis of strictures, endoscopy is the principal 

tool used due to the capacity of obtaining a biopsy for histologic assessment 

and therapeutic procedures, as well as avoiding radiation risk of other available 

tools such as computerized tomography90. 

In patients with CD strictures, they are normally found in the terminal ileon 

and colon as well as at the ileocolonic anastomosis in the event of surgery. 

Endoscopy allows the visualization of the stricture, study of its malignancy 

through histology and therapy in certain cases. In patients with UC a stricture 

should always be considered malignant until histological studies prove it 
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otherwise. If the stricture can’t be properly examined and biopsied, surgery 

should be considered51. 

Ferreira et al91 found that the rates of colonoscopy/endoscopy-related 

complications seem to be similar between IBD patients and the general 

population. However, when using a Markov Monte Carlo model to estimate 

the Lifetime Risk of Complications, this seem to be higher in IBD patients, 

meaning a higher risk of developing a postprocedural complication due to the 

increased amount of procedures that IBD patients undergo, compared to the 

general population91.  

Endoscopy has a main role on monitoring the disease activity as a way of 

evaluating the response to treatments. For this, many scoring systems have 

been created that enable physicians to grade the degree of disease through 

endoscopy. One of the most used ones is the Mayo endoscopic subscore 

(Table 4) that looks for erythema, bleeding or ulcerations and at the same time 

is a part of the Mayo score which evaluates other features related to the disease. 

The Ulcerative Colitis Colonoscopic Index of Severity (UCCIS) (Table 5) was 

created from high-definition colonoscopic findings and it correlates with 

clinical indexes of disease activity and laboratory values of inflammation. The 

Crohn’s Disease Endoscopic Index of Severity (CDEIS) (Table 6) is the first 

endoscopic scoring system for the evaluation of CD. 

Table 4: Mayo endoscopic subscore92. 

Subscore Disease activity Endoscopic feature 
0 Normal or inactive ---- 
1 Mild Erythema decreased vascular pattern, mild 

friability 
2 Moderate Marked erythema, absent vascular pattern, 

friability, erosions 
3 Severe Spontaneous bleeding, ulceration 
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Table 5: Ulcerative Colitis Colonoscopic Index of Severity (UCCIS)93. 

Lesion Score Endoscopic feature 
Vascular pattern 0 Normal, clear vascular pattern 

1 Partially visible 
2 Complete loss of vascular pattern 

Granularity 0 Normal, smooth and glistening 
1 Fine 
2 Coarse 

Ulceration 0 Normal, no erosion or ulcer 
1 Erosions or pinpoint ulcers 
2 Numerous shallow ulcers with mucous 
3 Deep, excavated ulcers 
4 Diffusely ulcerated with > 30% involvement 

Bleeding/friability 0 Normal, no bleeding or friability 
1 Friable, bleeding to light touch 
2 Spontaneous bleeding 

Grading of global 
assessment of endoscopic 
severity and segmental 
assessment of endoscopic 
severity 

0 Normal/Quiescent 
1 Mild 
2 Moderate 
3 Severe 

Table 6: Crohn’s Disease Endoscopic Index of Severity (CDEIS) score sheet94. 

Parameter Rectum Sigmoid and 
Left colon 

Transverse 
colon 

Right 
colon Total 

Deep ulceration 
(12 if present, 0 if 
absent) 

    Total 1 

Superficial 
ulceration 12 if 
present, 0 if 
absent) 

    Total 2 

Surface involved 
by disease (in cm)     Total 3 

Ulcerated surface 
(in cm)     Total 4 

Total 1 + 2 + 3 + 4 = Total A. 
Number of segments totally or partially explored (1-5) = n 
Total A/n = Total B 
If ulcerated stenosis is present, Total C = 3. If no ulcerated stenosis is present Total 
C = 0. 
If non-ulcerated stenosis is present, Total D = 3, if no ulcerated stenosis is present 
Total D = 0.  
Total B + Total C + Total D = CDEIS 
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5. Hydrogels 

Hydrogels is a name commonly used to refer to hydrophilic gels, polymer 

networks highly swollen with water. Although an official definition of 

hydrogels doesn’t exist, researchers have been addressing to them as being 

cross-linked polymeric three-dimensional networks which exhibit the ability 

to absorb up to thousands of times their dry weight in water within its 

structure, but will not dissolve in water95–98. 

A way of classifying hydrogels is based on the cross-linking technique chosen: 

physically or chemically cross-linked. 

Physically cross-linked hydrogels are also known as self-assemble or reversible 

hydrogels. These hydrogels are held together by physical interactions between 

the different components of the hydrogel, and do not require the addition of 

a cross-linking agent. Different methods are available for obtaining a physically 

cross-linked hydrogel. Repetitive freeze-thaw cycles will promote the 

formation of microcrystals in the structure and thus, the cross-linking. They 

are connected by hydrogen bonds. 

Stereocomplex formations refers to the dissolution of different substance in 

water which then, when mixed together, will form the cross-linked hydrogel. 

This kind of cross-linking process restricts the range of possible polymer 

compositions. 

Ionic interactions are acquired in hydrogels that have been added di- or tri- 

valent counter ions, and the gelling principle is the capacity of opposite 

charged multivalent ions to gellify a polyelectrolyte solution. Gelation can also 

be acquired by heat induction. 

Chemically cross-linked hydrogels have covalent bonds between the different 

polymer chains which offer them more stability, but at the same time they 

might present a relative long degradation time. Design flexibility is hindered 

by the difficulty to control important aspects such as gelation time, network 



Hydrogels 

60 

pore size or degradation time. This gelation can be achieved by the addition 

of cross-linkers such as glutaraldehyde, by the polymerization of monomers 

on a polymer backbone, by the addition of a radical initiator like ammonium 

persulfate or by enzymatic reactions. 

The first time the term “Hydrogel” was cited in the literature was in 1894 to 

refer to a colloidal gel of inorganic salts99, but it is not until 1960’s that 

Wichterle and Lim100 talk about hydrogels as we know them nowadays, in their 

paper about poly (2-hydroxumethyl methacrylate) (pHEMA) hydrogels as soft 

contact lenses. This gave rise to the first generation of hydrogels, which were 

relatively simple, chemically cross-linked networks of synthetic polymers. 

They were prepared by either polymerization of water-soluble monomers or 

by cross-linking of hydrophilic polymers96. 

Research in the field started evolving and hydrogels started to be able to 

respond to changes in environmental conditions like pH, temperature or 

molecules concentration96. Second generation hydrogels then, were able to be 

modulated by the environment they were placed in, and important aspect like 

gelation or drug release were better controlled96. The ones that were most 

studied were the temperature-sensitive hydrogels. Temperature was used to 

modulate the physical interactions in these hydrogels (hydrogen bonds, 

hydrophobic interactions and physical entanglements)96. 

Lately, a third generation of hydrogels has been developed. This kind of 

hydrogels are not held together only by hydrogen bonds or ionic interactions. 

New physical interactions have been put to use to improve the mechanical, 

thermal and degradation properties of hydrogels, and also allowing the in situ 

gelation of hydrogels96. 

5.1. Hydrogels in Biomedicine 

In biomedicine, hydrogels have raised a lot of attention due to their unique 

characteristics. These polymeric networks present soft tissue-like elastic, non-
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toxic and biodegradable properties while being responsive to stimulus. The 

classification for hydrogels in biomedicine is based on their physical state95,98. 

Solid hydrogels are able to mimic properties from biological tissues by 

imitating their complex architecture, thus providing the required cellular 

microenvironment. They are strong network structures held by ionic or 

covalent forces that are solid at room temperature but also able to swell when 

placed in an aqueous environment. 

Semisolid hydrogels show strong adhesive interactions with a soft network, 

characteristics helpful for the controlled release of drugs during time. Besides, 

the adhesive forces allow them to adhere in biological tissues like mucous 

membranes. They are normally made out of two different materials, one of 

them being of biological origin, and have a molecular weight greater than 100, 

improving hydrogel’s adhesion, wetting, absorption and release and flexibility. 

Liquid hydrogels with reverse thermogelation show the ability to remain liquid 

at room temperature whereas, when reaching certain temperature, they acquire 

a soft tissue-like structure. The ease of synthesis of this kind of hydrogels also 

gives researchers the chance to adjust important aspects as network pore size. 

They are most advantageous for the possibility of placing molecules and cells 

within them, and the avoidance of surgery in order to place them inside the 

body, since injection is possible. 

5.1.1. Swelling and water content of hydrogels 

Practical applications of hydrogels can be hindered by the difficulty to predict 

their changes in structure after placing them in an aqueous solution. Three 

stages are normally followed by hydrogels when placed in a water-rich 

environment (Figure 12): first they start to absorb water until they reach an 

equilibrium, while continuing working. Then, degradation of hydrogels starts 

when the forces that held them together start vanishing, thus, hydrogels start 

increasing their volume and the polymer network starts degrading; this is 
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known as degradation-induced swelling. This continuous swelling finally leads 

to a bulk degradation of the hydrogel101. 

 

Figure 12. Temporal changes in the shape of hydrogels after the installation. Extracted 
from Kamata, et al101. 

In hydrogels held by non-degradable unions, water will first bind to the 

hydrophilic groups of the hydrogel, then to the hydrophobic groups. Water 

bound to both types of groups is called total bound water. After, the hydrogel 

will still tend to swell, but this is opposed by the forces that hold the hydrogel 

together and it will reach a swelling equilibrium. The extra water is assumed to 

fill the spaces between the polymer chains and is denominated free or bulk 

water95.  

The content of water in a hydrogel is an important matter due to the effect 

that it will have into the overall permeation of substances and, ultimately, water 

content (or the excess of it) can also affect the structure of the hydrogel. One 

of the main problems derived is the possible loss of mechanical force and the 

possible mobilization of the hydrogel from the implanted site. Further 

problems arise when considering the importance of pores size within the 

internal structure of the hydrogel. Pores are of great importance for release 

and absorption of substances, cell adhesion and nutrient and waste product 

flow, features of great importance for the correct biocompatibility with both 

cells and tissues95,101. 
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5.1.2. Hydrogels as drug delivery systems 

Development of new drugs is a time and money-consuming procedure. 

Instead, adjusting the way a drug is released in the body, the location or the 

rate it reaches the blood stream, can be an effective solution to avoid adverse 

events or incorrect dosing of drugs. Hydrogels represent a promising tool to 

perform this controlled release thanks to the flexibility in their design, water 

absorbance properties and overall biocompatibility they present102.  

The release of a bioactive substance from a hydrogel can be diffusion-

controlled through a membrane or the hydrogels own matrix, degradation-

controlled occurring at the same pace as the hydrogel degradation, or even 

environmentally triggered by changes in pH, ionic strength or other features102. 

Important aspects to take into account about hydrogels when aiming a good 

and controlled drug release are the amount of fluid the hydrogel can take, the 

degree of cross-links between the different compounds of the hydrogel, or the 

pore size of the inner network, meaning the space between polymer chains 

available for diffusion102.  

5.2. Materials used in the development of hydrogels 

Many polymer combinations can be used to fabricate hydrogels. Table 7 

summarizes some of the most widely used combinations reported in literature. 

These compositions can be divided in natural or synthetic polymer hydrogels, 

and the combination of both. 
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Table 7. Hydrophilic polymers used to synthesize hydrogel matrices95. 

Natural polymers and their derivatives (± crosslinkers) 
Anionic polymers HA, alginic acid, pectin, carrageenan, chondroitin sulfate, 

dextran sulfate. 
 

Cationic polymers Chitosan, polylysine. 
Amphipathic polymers Collagen (and gelatin), carboxymethyl chitin, fibrin. 
Neutral polymers Dextran, agarose, pullulan. 
Synthetic polymers (± crosslinkers) 
Polyesters 
 

PEG-PLA-PEG, PEG-PLGA-PEG, PEG-PCL-PEG, 
PLA-PEG-PLA, PHB, P(PF-co-EG) ± acrylate end 
groups, P(PEG/PBO terephthalate). 

Other polymers PEG-bis-(PLA-acrylate), PEG ± CDs, PEG-g-P(AAm-
co-Vamine), PAAm, P(NIIPAAm-co-AAc), 
P(NIIPAAM-co-EMA), PVAc/PVA, PNVP, P(MMA-
co-HEMA), P(AN-co-allyl sulfonate), P(biscarboxy-
phenoxy-phosphazene), P(GEMA-sulfate) 

Combinations of natural and synthetic polymers 
 P(PEG-co-peptides), alginate-g-(PEO-PPO-PEO), 

P(PLGA-co-serine), collagen-acrylate, alginate-acrylate, 
P(HPMA-g-peptide), P(HEMA/Matrigel®), HA-g-
NIIPAAm. 

Abbreviations: CD, cyclodextrin; EG, ethylene glycol; HA, Hyaluronic acid; HEMA, 
hydroxymethyl methacrylate; P(…), poly(…); PAAc, poly(acrylic acid); PAAm, 
polyacrylamide; PAN, polyacrylonitrile; PBO, poly(butylene oxide); PCL, 
polycaprolactone; PEG, poly(ethylene glycol); PEO, poly (ethylene oxide); PEMA, 
poly(ethyl methacrylate); PF, propylene fumarate; PGEMA, poly(glucosylethyl 
methacrylate); PHB, poly(hydroxyl butyrate); PHPMA, poly(hydroxypropyl 
methacrylamide); PLA, poly(lactic acid); PLGA, poly(lactic-co-glycolic acid);  
PNIPAAm, poly(N-isopropyl acrylamide); PNVP, poly(N-vinyl pyrrolidone); PPO, 
poly(propylene oxide); PVA, poly(vinyl alcohol); PVAc, poly(vinyl acetate). 

Hyaluronic acid (HA) is a glycosaminoglycan type polysaccharide consisting 

of a basic unit of two sugars, glucuronic acid and N-acetyl-glucosamine with 

variable molecular weights. It is distributed along connective, epithelial and 

neuronal tissue and is an important part of extracellular matrix offering it an 

intrinsic biocompatibility103. HA has an important role in tissue repair due to 

its immunomodulatory and inductor of proliferation effects, promoting 

reepithelization instead of scaring. It shows high biocompatibility, this is why 

is has been used in some types of surgery as a main component of a hydrogel 

to deliver therapeutics. Different studies have focused on HA as a component 
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of scaffolds for wound healing. These scaffolds were able to increase dermis 

regeneration and wound healing104. HA has been widely used as a hydrogel 

base, and very recent reports show its benefits in different fields. Jooybar et 

al105 have used a HA-tyramine hydrogel loaded with platelet lysate to enrich 

human mesenchymal stem cells for cartilage regeneration, and Garcia et al106 

have recently created a HA based scaffold with the ability to facilitate 

myogenic precursor cells for the treatment of volumetric muscle loss.  

Methylcellulose (MC), a hydrophilic chemical compound derived from 

cellulose, is normally used as a thickener and is a non-digestible, nontoxic and 

non-allergenic agent. Cellulose derivatives are also used to control viscosity of 

solutions, improve their flow and incr/ease their UV stability107. 

First reports of HA-MC hydrogels were provided by Gupta et al108 as vehicles 

to locally deliver therapeutic agents to the spinal cord. MC in a water solution 

shows inverse thermal gelling properties, so as the temperature increases, 

hydrogen bonds within the polymer break and hydrophobic junctions form to 

produce a gel. This process is helped by salts. The more amount of salt, the 

faster the gelation will be, since salts draw water molecules away from the 

polymer chains. HA is commercialized as a sodium salt, and thus aids in the 

gel formation by lowering the gelation temperature and by promoting a higher 

number of molecular entanglements109. 

Poloxamers are polyoxyethylene (PEO) – polyoxypropylene (PPO) – 

polyoxyethylene tri- block copolymers. Within poloxamers, Pluronic F127 (P-

F127) has a molecular weight of 12.500 and a PEO / PPO ratio of 2:1 by 

weight. Solutions of P-F127 are used for their pharmaceutical advantages, 

specially solutions with 20% or higher, which show thermoreversible gelation 

properties. This thermoreversible characteristic has raised a lot of interest and 

different studies have clarified that when the temperature of a P-F127 solution 

increases the molecules that form P-F127 aggregate into micelles. It is 

generally accepted that micellization is due to the dehydration of the 
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hydrophobic PPO block with temperature; the temperature at which micelles 

are formed is called the critical micelle temperature (cmt). The cmt can be 

modified with F127 concentration; as the concentration increases, the cmt 

decreases110.  

Release kinetics of different drugs from P-F127 gels have also been studied 

and showed that diffusion coefficients of drugs in the gel decrease with higher 

P-F127 content, which is consequent with the increased viscosity and gel 

rigidity. Interestingly, although bulk viscosity of the gels has also been shown 

to increase with temperature, release rates actually increase with 

temperature110. 
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Endoscopy is no longer understood as a mere diagnostic tool but also as a 

therapeutic one. Although chiefly safe, some adverse events exist which need 

to be addressed in order to improve and make of therapeutic endoscopy the 

chosen first line treatment in those pathologies which it can be helpful. 

Current methods to deal with eschars after endoscopic resection techniques 

are done do not fulfill present needs, and thus, indirect costs due to adverse 

event in endoscopy are higher than they should.  

Hydrogels have been on the talk for being good candidate to manage eschars 

and tissue after endoscopic resection, decreasing the risk of adverse event.  

Moreover, these hydrogels could enable endoscopy to administer bioactive 

treatments directly onto mucosal lesions of the gastrointestinal tract, opening 

new possibilities for therapeutic endoscopy, being able to locally administer 

personalized treatments. 

Our hypothesis is that a hydrogel could solve some of the unmet needs of 

therapeutic endoscopy as well as to equip it with new skills when it comes to 

treating gastrointestinal disorders. 

Thus, we aim to: 

1. Develop and characterize a new hydrogel. 

2. Implement the hydrogel in therapeutic endoscopy resection 

techniques to cover its unmet needs. 

3. Study the efficacy of the hydrogel to act as a drug-delivery platform 

in two animal models: CRC and experimental colitis. 
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1. Development and characterization of the new 
hydrogel 

For the first part of these project we aimed to characterize and better 

understand the properties of this newly developed hydrogel. The tests carried 

out during this part were related to the future uses we wanted to give the 

hydrogel. 

1.1. Composition of the new hydrogel 

4 different combinations of materials were tested as a possible new hydrogel 

based on literature found on the characteristics of each material. The initial 

base of this hydrogel was designed to be only HA+MC, and additional 

modifications were done to test four prototypes. Combinations are shown in 

Table 8. 

Table 8. Four initial hydrogel combinations tested. 

Sample HA MC SA-CaCl2* P-F127 Medium 
CD1 0.3g 0.6g - - 30mL H2O 
CD2 (Covergel) 0.3g 0.6g - 6g 30mL H2O 
CD3 0.3g 0.6g - - 30mL PBS 
CD4 0.3g - 0.24g–0.06g - 30mL H2O 

* Sodium alginate and sodium chloride 

1.2. Rheological test 

Viscosity was evaluated in a rheometer Haake RheoStress (Thermo Fisher 

Scientific, Waltham, MA USA) with a C60/1°Ti probe and a gap set of 0.053 

mm. Rotation ramp went from 0–300 s–1 in 30 seconds. For each study, 

Viscosity (h) was measured as a function of shear rate (g) at 22°C and 37°C.  

Adhesion was measured with a Texture Analyzer TA.XT Plus (Stable Micro 

Systems, Surrey, UK). A 40-mm (diameter) disk was compressed into the gel 

and redrawn. Velocity of the insertion assay was 1mm/s and withdrawn 

distance was 9mm. Adhesion was determined at 20°C and 37°C. 
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After rheological tests, the best combination was chosen to continue with the 

characterization study, and the hydrogel will be referred to Covergel from now 

on. 

1.3. Preparation of the thermally-reversible hydrogel 

The base of Covergel is distilled water with 20% of the thermosensible 

tensioactive Pluronic F127 (Sigma-Aldrich), 2% of Methylcellulose (Sigma-

Aldrich) and 1% of Hyaluronic acid (TCI Europe) (Figure 13). 

 

Figure 13. Materials used to develop our hydrogel 

First, the desired quantity of Pluronic F127 was placed on a clean vial and the 

needed volume of distilled water was added; the vial was set to agitation at 

500rpm until the solution was completely homogeneous. Then, 

Methylcellulose was added to the vial and it was put back in agitation at 

500rpm until complete dissolution. Finally, Hyaluronic Acid was added 
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following the same agitation conditions.  

This preparation was carried out at 4°C to avoid the effect of temperature 

which would slow the process. 

We saw the need to improve the stability in aqueous medium of the Covergel, 

this is why it was proposed to prepare a hydrogel irreversible to gelation. For 

this, Dr. Mary Cano at the Catalan Institute of Nanoscience and 

Nanotechnology (ICN2) performed the chemical modifications necessary on 

the thermosensible tensioactive Pluronic F127(P-F127) to add acrylate groups 

(Di-Acrylate Pluronic F-127, DAP-F127) (Figure 14) and allow for the 

irreversible gelation when Covergel was exposed to UV light. 

 

Figure 14. Di-acrylate Pluronic-F127. 

1.4. Preparation of DAP-F127  

In a 250 mL Florence flask 25 g of P-F127 were added to 80mL of Toluene 

at room temperature and under a nitrogen atmosphere. Next the mixture is 

cooled in an ice bath at 0°C and 1.2 mL of thiethilamine, 20 mL of 

dichloromethane and 0.5 mL of Acryloyl chloride previously dissolved in 20 

mL of dichloromethane were added. The sample is allowed to stir for 12 hours. 

The mixture is then vacuum filtered to remove the subgroup of 

triethylammonium chloride generated during the reaction. The collected 

supernatant is rotavaporated under vacuum for 5 hours until a viscous oil is 

obtained. Subsequently, said oil is dissolved in dichloromethane and washed 

with deionized water and dried with sodium sulphate. This process is repeated 

3 times. Finally, the DAP-F127 is precipitated with and excess of diethylether 

at low temperature. The obtained precipitate is allowed to dry under vacuum 

for a day. 
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1.5. Preparation of the irreversible gelation hydrogel 

The base of this irreversible gelation Covergel is distilled water with a 20% of 

the thermosensible tensioactive Pluronic F127 modified with the addition of 

acrylate groups (Sigma-Aldrich, ICN2), a 2% of Methylcellulose (Sigma-

Aldrich) and a 1% of Hyaluronic acid (TCI Europe). 

First, the desired quantity of Di-acrylate Pluronic-F127 was placed on a clean 

vial and the needed volume of distilled water was added; the vial was set to 

agitation at 500 rpm until complete dissolution. Then, Methylcellulose was 

added to the vial and it was put back in agitation at 500rpm until complete 

dissolution. Finally, Hyaluronic Acid was added following the same agitation 

conditions. This preparation was carried out at 4°C to avoid the effect of 

temperature which would slower the process. 

1.6. Preparation of the photo-initiator 

In a 5 mL vial, 154 mg of the photo-initiator Irgacure 2959 (Sigma-Aldrich) 

are added on 700 µL of ethanol and 300 µL of deionized water. This mixture 

is left stirring at 500 rpm for 10 minutes. The photo-initiator concentration is 

1.15% compared to the amount of DAP-F127 in the hydrogel. The photo-

initiator dissolution must be protected from light with aluminum foil. 

1.7. Gelation assay 

This assay was carried out to determine the behavior of Covergel with 

ultraviolet light and with different temperatures. The following scenarios were 

tested: 

- 1mL of Covergel and 15 µL of photo-initiator solution were mixed 

and placed on a petri dish. Covergel was heated at 37°C for 30 min 

and gelation was tested. Next, Covergel was cooled. 

- 1 mL of Covergel and 15 µL of photo-initiator solution were mixed 

and placed on a petri dish.  The dish was placed under ultraviolet light 
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2000 mV/cm2 for 3 minutes (AnalytikJeta UVP Crosslinker) keeping 

the temperature below 20°C. Covergel was heated at 37°C for 30 min 

and gelation was tested. Next, Covergel was cooled. 

- 1mL of Covergel was placed on a petri dish. Covergel was heated at 

37°C for 30 min and gelation was tested. Next, Covergel was cooled. 

- 1 mL of Covergel was placed on a petri dish.  The dish was placed 

under ultraviolet light 2000 mV/cm2 for 3 minutes (AnalytikJeta UVP 

Crosslinker) keeping the temperature below 20°C. Covergel was 

heated at 37°C for 30 min and gelation was tested. Next, Covergel 

was cooled. 

1.8. Degradation assay 

We aimed to know the degradation rate of Covergel under different conditions 

that would try to mimic the different conditions found in the gastrointestinal 

tract. 

For this, 1 mL of Covergel was irreversibly gelified and then, submerge in 10 

mL of one of the following solutions: 

- PBS pH=7 

- PBS pH=3 

- PBS pH=9 

- PBS pH=11 

- Rat feces bacteria culture on Luria-Bertani (LB) Broth at a starting 

range of 105 CFU/mL*. 

The piece of Covergel was weighed before the submersion (Wo) and then on 

set date points until complete dissolution of the hydrogel or until one month 

under the conditions was reached. Each time point the medium was also 

changed when the weighting took place. 
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*On a previous experiment, a calibration curve for the Optical 

Density/Colony Formation Units (CFU) was performed by reconstituting 1g 

of rat feces on 10 mL of LB and then performing a series of dilutions from      

-1 to -11. These dilutions were both, cultured on LB Agar petri dishes to 

account the number of CFUs and measured with a spectrophotometer at 

600nm for the Optical Density evaluation. Later, the curve equation was 

obtained: y=7.452×10-7x-0.002385. R2=0.9988. Data not shown. 

1.9. Drug release/absorbance study 

We were interested in studying the capacity of Covergel to both release and 

absorb molecules of different molecular weight, in order to further study the 

capability of Covergel to act as a drug-delivery platform. 

For these experiments, we worked with two molecules: 

- Trypan blue, which is a dye used in Biology as a vital stain to 

selectively color dead tissues or cells blue. Its chemical formula is 

C34H24N6Na4O14S4 and has a molar mass of approximately 960 

Daltons 

- Bovine serum albumin (BSA) which has a molecular weight of 66.5 

kDa. 

For the trypan blue experiments, first, a calibration curve was prepared by 

measuring the absorbance of different concentrations of trypan blue diluted 

in water with a spectrophotometer (Varioskan Flash, Thermo) with the 

excitation wave measuring 450nm. SkanIt Software 2.4.1 was used to analyze 

results. Then, the curve equation was obtained: y=6234.9x+0.1008. R² = 

0.99349. Data not shown. 

Absorbance and release of BSA was evaluated with the Bicinchoninic acid 

(BCA) Protein Assay Kit (PierceTM, Thermo Scientific). 

The BCA Protein Assay Kit is a colorimetric detection and quantification 
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method of total protein. It is based on the reduction of Cu+2 to Cu+1 by 

proteins in an alkaline medium (Biuret reaction) with the detection of cuprous 

cation (Cu+1) using BCA. The purple-colored reaction product of this assay is 

formed by the chelation of two molecules of BCA with one cuprous ion. Plates 

are then read at 562nm using a spectrophotometer (Varioskan Flash, Thermo). 

SkanIt Software 2.4.1 was used to analyze results. 

To incorporate substances inside Covergel, 0.25 mL of gelated Covergel were 

submerged in 5 mL of 0.0005 mg/mL trypan blue or 2 mg/mL BSA. Covergel 

incorporated the solution at room temperature for 48 hours. To calculate the 

amount of substance incorporated into the matrix of Covergel, the following 

equation was used: 

Incorporating efficiency	(%)=
(V1C1-V2C2)

V1C1
 X 100 

Where: 

- V1: original volume of substance solution (mL). 

- V2: remaining volume of substance solution after 48h (mL). 

- C1: initial concentration of substance (µg/mL). 

- C2: remaining concentration of substance (µg/mL). 

Covergel was withdrawn from the solution and placed in release medium 

(PBS). At specific time points, amount of substance released into the medium 

was evaluated as mentioned before. 

The kinetics of drug release from Covergel was studied using several 

mathematical models which describe the kinetic behavior of drug release in 

diffusion system without a membrane111. 

Three different models were analyzed, to asses which one fitted best with the 

release data from our experiments. The three different models were:  

Higuchi release model:	Mt= Kht1/2 
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Zero-order release model:	Mt=	K0t 

First-order release model:	Mt=1-e-K1t 

Where Mt is the fraction of drug released at each time point (t) and Kh, K0 and 

K1 are the Higuchi release kinetic constant, the zero-order release kinetic 

constant and the first-order release kinetic constant respectively. 

Lastly, the drug release mechanism was analyzed using the Korsmeyer-Peppas 

model. This is a semi-empirical model used when the exact mechanism is not 

known or in the case that more than one mechanism is involved in the drug 

release111.  

Korsmeyer-Peppas model:	F=(Mt/M)=Kmtn 

Where F is the fraction of drug released at time (t), Mt is the amount of drug 

released at time (t), M is the total amount of drug in the hydrogel, Km is a 

kinetic constant and n is the release exponent, indicative of the drug release 

mechanism. n is estimated from linear regression of log (Mt/M) versus log t; 

when determining the n exponent, only portions of the release curve ≤ 60% 

should be used. 

1.10. Biocompatibility 

1.10.1. Co-culture with cells. Cell Viability 

To study the possible cytotoxicity induced by Covergel we carried out a co-

culture of a cell line with different conditions involving Covergel. The cell line 

chosen for these experiments was Caco-2 (ATCC® HTB-37TM) a human 

colorectal adenocarcinoma cell line. 

For cell viability evaluation, 3x104 cells/cm2 cells were cultured in 24-well cell 

plates under the following conditions: 

- Normal culture medium (DMEM medium supplemented with 10% 

Fetal Bovine serum, 1% L-Glutamine and 1% 
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Penicilyn/Streptomicyn) as a positive control. 

- Normal culture medium supplemented with 10% Dimethyl sulfoxide 

(DMSO) as a negative control 

- Normal culture medium supplemented with 1%-2%-5%-10%-15% of 

Covergel v/v. 

Cells were cultured at 37ºC and 5% CO2 for 24, 48, 72 and 96 hours. At 

specific time points cell viability was evaluated using Resazurin Sodium Salt 

(Sigma-Aldrich). 

Briefly, Resazurin sodium salt (7-Hydroxy-3H-phenoxazin-3-one-10-oxide 

sodium salt) is a blue dye weakly fluorescent until it is irreversibly reduced by 

living organism (bacteria, fungi, mammalian cells…) to Resofurin, a highly red 

fluorescent. The reduction of Resazurin Sodium Salt correlates with the 

number of living cells. Samples are exposed to Resazurin Sodium Salts for 4 

hours and then absorbance at 570 nm is analyzed using a spectrophotometer 

(Varioskan Flash, Thermo). 

1.10.2. Hemolysis test 

Two mL of gelified Covergel were placed in 20 mL of sterile saline and 

incubated for 72 h at 37ºC. After, the solution was collected and filtered with 

a 0.22 µm membrane. Two mL blood samples were freshly collected from six 

male Sprague Dawley rats into an anticoagulant tube and gently mixed, blood 

was then diluted with 2.5 mL of saline. 

For the hemolysis test 10 mL of the Covergel extraction, distilled water, and 

saline were poured in 50 mL test tubes and placed at 37ºC for 30 min. After 

that, 0.2 mL of diluted blood were added to each test tube with gently shaking 

and the solution was placed at 37ºC for 1 hour (Figure 15). The absorbance of 

the samples after 1 hour was evaluated with a spectrophotometer (Varioskan 

Flash, Thermo) at 545 nm. SkanIt Software 2.4.1 was used to analyze results. 

This protocol was adapted from Li et al 112. 
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Hemolisys ratio was calculated with the following formula: 

Hemolysis ratio	(%)=	
A hydrogel extraction-A saline solution

A distilled water-A saline solution
 x 100 

 

Figure 15. Hemolysis test, at beginning (top) and after one hour (bottom). Positive 
control (saline) is on the left, negative control (distilled water) on the middle, and 
sample testes on the right. 

1.10.3. Acute toxicity test. Histopathological study 

Nine male Sprague Dawley rats, 7 months of age (400-550 g) were used to 

evaluate acute toxicity induced by Covergel. All experiments were approved 

by the ethics committee of the animal facility of Germans Trias I Pujol 

Research Institute. Animals were divided in three groups: two subjects and a 

control group. Rats from the subject groups were injected with 10 mL/kg of 

Covergel into the abdominal cavity and rats from the control group were 

injected with 10 mL/kg saline into the abdominal cavity. Animals were 

observed daily after administration, evaluation of general conditions (activity, 

hair, feces, behavior and other clinical signs), body weight and mortality were 

done. Animals were euthanized at 3, and 7 days with anesthetic overdose and 

major organs (heart, liver, spleen, lung and kidney) were extracted, evaluated, 

and fixed in 10% formaldehyde solution. Organs were then stained with 

hematoxylin-eosin (H/E) for histopathological evaluation. Blood was also 
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extracted, and hematological and biochemistry analysis were performed. This 

protocol was adapted from Li et al 112.  

1.10.4. Subcutaneous placement of hydrogel in rats. 

Histopathological study 

Six male Sprague Dawley rats, 7 months of age (420-500 g) were used to 

evaluate the effect of subcutaneous implantation of Covergel. Rats maintained 

the subcutaneous implantation for 10 days. Under anesthesia, a 2 cm incision 

was done on the dorsal back of the rat and 0.5 g of gelified Covergel were 

introduced subcutaneously. The incision was then sutured and rats were 

allowed to recover with food and water ad libitum.  

After 10 days, rats were euthanized and Covergel was extracted and cut in two. 

One piece was placed in Carnoy solution (60% ethanol, 30% chloroform and 

10% glacial acetic acid) for histological evaluation and the other piece was 

lyophilized (Christ Loc-1m, B.Braun) and evaluated using Scanning Electron 

Microscopy (SEM). 

1.10.5. Adherence to mucosa 

Two mL of Covergel with sodium barium (Barilux, Iberoinvesa pharma) was 

endoscopically administered in rats to study the time of adherence of Covergel 

to the mucosa. Rats underwent X Ray scan at 3 different time points, before 

application, after application and 36 h after application.   

1.11. Statistical analysis 

All values are expressed in median ± range unless otherwise stated. 

Comparison of groups was done using 2 way ANOVA and Tuckey’s multiple 

comparison test as a posthoc. Release kinetics was studied using mean values 

of 6 different experiments and a nonlinear regression fit to each different 

model equation. Graphpad Prism 6.0 software was used to perform analysis. 
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2. Implementation of our hydrogel on the endoscopic 
technique 

This study was aimed to analyze the capacity of our hydrogel to be 

implemented in normal endoscopic techniques such as EMR or ESD.  We 

wanted to evaluate its capacity to act as a submucosal injection solution and 

the possible benefit on mucosal healing after endoscopic resection techniques, 

in order to avoid possible adverse events. For this part of the study, we decided 

to supplement Covergel with Rifaximin, an antibiotic which presents really low 

absorption when taken orally and rather shows a local effect in the GI tract. 

Covergel with rifaximin will be referred to as Covergel-Bibio from now on. 

2.1. Submucosal Injection Solution 

2.1.1. Ex vivo model of porcine stomach 

Fresh porcine stomachs were used to analyze properties of different 

submucosal injection solutions. Measurements were performed in fundus in 

all cases. Two mL of each solution were injected using a 22G needle. For the 

measurement of cushion decrease and trans-epithelial resistance stomach 

portions of 8x5 cm were used. Stomach pieces were maintained at 37ºC during 

tests. EMR resection was performed after prior submucosal injection with a 

standard polypectomy snare (Olympus Medical System, Tokyo, Japan) with 

blended current on full stomachs for the measurement of EMR time and 

Muscular Tª. To standardize the force applied in all procedures to the 

polypectomy snare, the snare was placed in Laboratory Syringe Pump 

(Advance Infusion Pump Series 1200, Parkland Scientific, USA) with a linear 

force of 22 lbs.  

2.1.2. Solutions 

The following solutions were tested: 0.9% Saline (S), Platelet-rich plasma 

(PRP), Glyceol®, (GC), Hyaluronic acid 2% (HA), Pluronic-F127 20% (PL), 

Glucosated serum 10% (GS), Gelaspan (GP), Covergel-Bibio (BB) and PRP 
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with BB (PRP+BB). 

S, GS and GP were acquired from the hospital pharmacy service. GC was 

manufactured in our laboratory (10% glycerol, 5% fructose, 0.9% sodium 

chloride). PRP was obtained by extraction of blood with a syringe containing 

1/10 total blood volume of 10% sodium citrate. Then, blood was centrifuged 

at 160 G for 10 minutes at room temperature; this resulted in a 2 phases tube, 

the top one containing plasma. Plasma was recollected and transferred to a 

new centrifuge tube, and further centrifuged at 400 G for 15 minutes. The 

result of this was platelet-poor plasma (2/3 of total volume) and PRP (the 

bottom 1/3 of the total volume). PRP was activated by addition of 0,05 

mL/mL PRP of 10% calcium chloride. BB (Covergel-Bibio) was prepared as 

before mentioned for Covergel alone, plus the addition of 1% w/v Rifaximin. 

2.1.3. Resistivity, EMR time, Temperature and Cushion decrease 

measurements 

Resistivity (R) was evaluated using a multimeter SK-7707 with conventional 

electrodes; one electrode was positioned at the apical surface of the cushion 

(gastric mucosa) and the other one on the basal surface of the cushion (serosa 

layer), to evaluate the trans-epithelial resistivity that the stomach wall had with 

the submucosal solution injected. Measurements were done at 0, 15, 30, 45 

and 60 minutes after submucosal injection (Figure 16). Electrodes were also 

placed in each substance alone, once cm in distance, to evaluate resistivity of 

substances.  

Temperature (Tª) analysis was carried out using a Thermometer K/J type 

thermocouple with the sensor located at muscular layer to check the risk of 

deep thermal injury (Figure 17). Measurement started after submucosal 

injection and finished after EMR was completed. Moreover, time needed to 

perform EMR was registered with each solution. 
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Figure 16. Evaluations on stomach samples. Stomach pieces of 8x5cm were used to 
evaluate cushion decrease and trans-epithelial resistivity of substances. A; Stomach 
piece. B; stomach piece after submucosal injection. C; stomach piece cut to visualize 
submucosal cushion. D; evaluation of transepithelial resistivity with a multimeter. 

 
Figure 17. Evaluations on full stomachs. Full stomachs were used to evaluate muscular 
Ta after EMR and time to perform EMR. A; submucosal injection on fundus region 
of porcine stomach. B; standardized mucosal elevation to perform EMR. C; evaluation 
of Ta with one thermometer on the apical face of the stomach and the other (black 
arrow) on the serosa layer. 

Submucosal cushion height was studied considering three different aspects: 1) 

differences of height at time 0 after injection, 2) differences of height at time 

60 after injection and 3) the percentage of decrease for each substance. We 

evaluated this by taking standardized pictures at time: 0, 15, 30, 45 and 60 

minutes. Images were evaluated using ImageJ software. Decrease of the 

cushion is shown as % of the original height of each solution. All these 

determinations were performed by triplicate for statistical evaluation. 

Osmolarity and viscosity of each solution were obtained from each 

manufacturer. 

2.1.4. Statistical analysis 

A descriptive analysis was carried out for each experiment. ANOVA tests were 

performed to compare groups. Tuckey tests were done as post-hoc analysis. 

SPSS software, 15.0 version was used. A nonparametric Spearman correlation 
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study was carried out between all the characteristics evaluated using SPSS 

software, 15.0 version software. 

2.2. Endoscopic Shielding Technique  

Twenty-four male Sprague Daley rats and eight female pigs (Specipig, 

Barcelona, Spain) were used in this study. Colonoscopies were carried out with 

the same endoscope: Olympus FQ260Z (Olympus, Tokyo, Japan), with an 

outer diameter of 9.5 mm, working channel diameter of 2.8 mm. Room air 

was used for insufflation during the endoscopy. To carry out endoscopic 

shielding technique, agents were applied over mucosal lesions as a coverage 

shield, with a catheter through the endoscope channel, positioning the tip of 

the catheter over the ulcer. An amount of 1 mL in rats and 5 mL in pigs was 

applied in each animal (Figure 18), approximately 0.5–2 mL per cm2 of 

mucosal lesion.  

 

Figure 18. Experimental layout for the Endoscopic Shielding Technique study. 

2.2.1. Covergel-Bibio resistance to bacterial degradation 

To test the ability of Covergel-Bibio to resist bacterial degradation three 

conditions were tested. In Columbia agar + 5% sheep blood, 100 µL of a 106 
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CFU/mL feces culture were seeded. Then 1 mL of Covergel or Covergel-

Bibio was poured on the plate and placed at 37°C to allow Covergel to gelify. 

Pictures were taken at 0, 24 and 72 h in order to check bacterial growth. 

Covergel-Bibio was also poured in a plate without feces culture as a control. 

2.2.2. Induction of lesions in rats 

Rats were anesthetized by isoflurane inhalation and placed in a supine position. 

Remaining feces were flushed away by injecting water enema. A drop of 

lubricating jelly (Aquagel; Ecolab, Leeds, UK) was applied on the anal 

sphincter to facilitate insertion of the endoscope. The endoscope was then 

gently passed through the anus and further introduced under endoscopic 

vision. Water was injected through the endoscope’s working channel to 

visualize the lumen of the colon. Occasionally, the colon was inflated with air 

for better visualization of the lumen. Conventional EMR technique with prior 

submucosal injection was not able to be done as a result of wall thickness. 

Lesions were created in the left colon, 6 cm to the anal margin, by Coagrasper 

Hemostatic Forceps (Olympus), with a power setting of forced coagulation 40 

W during 4 s 113. This technique induces deep thermal damage in the acute 

phase (48 h), with development of CS and large mucosal defects in the late 

phase, 1 week after the injury. Animals were randomly divided into three 

groups (n = 8) for endoscopic shielding technique with saline (control, Group 

A), hyaluronic acid sodium salt 1% w/v (comparative example, Group B) and 

Covergel-Bibio (Group C) (Figure 19). Rats underwent endoscopic follow up 

at 48 h and 7 days and were euthanatized by anesthetic overdose. After death, 

the colon was retrieved and opened longitudinally to examine colonic mucosa. 

Full-thickness samples of approximately 4 cm were taken from the proximal 

left colon surrounding endoscopic lesions (Figure 18).  
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Figure 19. Endoscopic shielding technique with the hydrogel applied on colonic 
induced lesions in the rat model. (a) Endoscopic view with high-resolution white-light 
imaging and (b) the corresponding narrow-band image. (c) Hydrogel was applied onto 
the lesion.  

2.2.3. Induction of lesions in pigs 

In the porcine model, food was retrieved 12 h prior to the procedure. 

Preparation for colonoscopy was done with saline irrigation. Colonoscopy was 

carried out under sedation with propofol. Three ulcer sites were prepared in 

each pig: Mucosal elevation by submucosal injection of saline was created at 

15 cm to the anal margin, then EMR with snare polypectomy and forced 

coagulation was carried out (Group D; EMR-saline; Figure 20), EMR-saline 

plus endoscopic shielding technique with Covergel-Bibio at 30 cm to anus 

(Group E; EMR-saline-P; Figure 21), and EMR with prior injection of 

Covergel-Bibio plus endoscopic shielding technique with Covergel-Bibio at 40 

cm to anal verge (Group F; EMR-P-P; Figure 22). At the end of the 14-day 

study, new lesions (EMR-saline; EMR-saline-P and EMR-P-P) were created in 

healthy colonic mucosa to assess the basal injury of the different approaches, 

at 5, 10 and 20 cm to anal margin; respectively. These new lesions were not 

used to assess mucosal healing. Animals underwent endoscopic follow up at 7 

and 14 days after EMR. After this time, pigs were euthanatized and necropsied 

to obtain colonic samples as described above (Figure 18).  
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Figure 20. Mucosal elevation by submucosal injection of saline was created at 15 cm 
to the anal margin in the porcine model. Endoscopic mucosal resection was carried 
out with snare polypectomy with blended current.  

 

Figure 21. Endoscopic mucosal resection-induced lesion in the porcine model with 
prior saline injection was created at 30 cm to the anus. Endoscopic shielding technique 
with hydrogel was applied onto the lesion.  
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Figure 22. Endoscopic mucosal resection-induced lesion with prior hydrogel 
submucosal injection was performed at 40 cm to the anus. Endoscopic shielding 
technique with hydrogel was applied onto the lesion.  

2.2.4. Assessments  

Mucosal healing was evaluated as mean ulcerated area after 48 h and 7 days in 

rats, and after 7 and 14 days in pigs. Mucosal healing rate was defined as 

percentage of mucosal restoration. Measurement of mucosal lesion was carried 

out as comparison with opened forceps (5 mm) or by direct measurement with 

the specimen. We calculated the mean ulcerated and mucosal healing rate by 

the use of ImageJ public software. Physiological or fibrotic healing, as absence 

or presence of fibrosis, was evaluated with histological study of the specimen. 

Thermal injury was evaluated with a 1–4 scale: (1) mucosal necrosis; (2) 

submucosal necrosis; (3) transmural necrosis; and (4) peritonitis and/or 

microperforation, in H/E histological sections. 

2.2.5. Statistical study 

Statistical analysis results are expressed as mean ± SEM or proportions as 

required. Comparison of means among groups was done using the one-way 

ANOVA or its corresponding non-parametric (Kruskal-Wallis) test. Post-hoc 
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comparisons, to identify pairs of groups significantly different at the 0.05 level, 

were made with the Duncan test or the Mann–Whitney U-test. Comparisons 

of proportions among groups were made with the v2 -test. Statistical analyses 

were carried out with SPSS for Windows version 14.0 (SPSS Inc., Chicago, IL, 

USA). 

3. Hydrogel as a drug-delivery platform for intestinal 
diseases. CRC and experimental colitis animal 
models 

The third study was focused on the ability of our hydrogel to act as a drug 

eluting platform for the endoscopic treatment of different mucosal lesions 

associated to typical colorectal pathologies. For this, we worked with three 

different animal models: acute experimental colitis (EC), chronic experimental 

colitis and colorectal cancer. In this study, Covergel was loaded with mAb’s to 

act as a drug-delivery platform, thus, we will refer to it as Covergel-Tribio. 

3.1. CRC animal study  

3.1.1. Layout 

Twenty male Sprague Dawley rats (Harlan Laboratories Models SL, Barcelona, 

Spain) weighting 100-125 g were included in this study. The experimental CRC 

animal model was performed by the subcutaneous administration, once a week 

for two weeks, of 15 mg/kg of Azoxymethane (AOM); induction phase. 

After this, animals were kept in the animal facility during the progression 

phase. From weeks 30 to 35 of the progression phase, endoscopic follow up 

was done to check for the development of tumors. When CRC presence was 

confirmed, animals were randomized into one of the 5 treatment groups 

(Figure 23): 

- Covergel-Tribio with Irinotecan (I) (3.5 mg/mL) and Aflibercept (A) 

(2 mg/mL) (Chemotherapy + mab anti Vascular endothelial growth 

factor receptor (VEGFR)). 
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- Covergel-Tribio with Irinotecan (3.5 mg/mL) and Bevacizumab (B) 

(5 mg/mL) (Chemotherapy + mab anti Vascular endothelial growth 

factor receptor). 

- Covergel-Tribio with Irinotecan (3.5 mg/mL) and Panitumumab (P) 

(6 mg/mL) (Chemotherapy + mab anti epithelial growth factor 

receptor) 

- Covergel-Tribio with Irinotecan (3.5 mg/mL) and Cetuximab (C) (16 

mg/mL) (Chemotherapy + mab anti epithelial growth factor 

receptor) 

- Covergel-Tribio with Irinotecan (3.5 mg/mL). 

Figure 23. Experimental layout of the CRC animal study. 

3.1.2. Assessments 

10 days after treatment application, animals were euthanized, colon was 

extracted, and tumors were evaluated macroscopically, fixed in 10% 

formaldehyde and stained in H/E for histopathological evaluation. A blinded-

histopathological evaluation was done by a pathologist from the Germans 

Trias i Pujol Hospital. 

Tumor size was evaluated with endoscopic pictures taken at the day of 

treatment and the day of euthanasia, analyzed with ImageJ software. 
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3.1.3. Statistical analysis 

Values are expressed as median ± range. Comparison of means among groups 

was done using the two-way ANOVA or its corresponding non-parametric 

(Kruskal-Wallis) test. Post-hoc comparisons, to identify pairs of groups 

significantly different at the 0.05 level, were made with the Tuckey’s multiple 

comparison test or the Mann–Whitney U-test. 

3.2. Acute EC animal study 

3.2.1. Layout 

Forty male Sprague Dawley rats (Harlan Laboratories Models SL, Barcelona, 

Spain) weighting 250-300 g were included in this study. The experimental 

colitis animal model was performed by the rectal administration of 0.6 mL of 

a 3.5% TNBS solution in 50% ethanol (Day 0). The peak of colitis was 

stablished 3 days post administration (Day 3) and animals were examined to 

evaluate the affection and apply treatments. Finally, four days after treatment 

(Day 7) animal were euthanatized and evaluations were done (Figure 24). 

Animals were randomized in 5 groups: 

- Sham group: Healthy animals with no administration of TNBS. 

Instead, animals were administered a 0.6 mL saline solution on day 0. 

Animals went through all the same tests as the other groups. 

- Control Group: Animals with experimental colitis which, on day 3, 

did not receive any treatment. Instead, 1 mL of saline was applied 

through the endoscope on the day of treatment. 

- Platform group: Animals with experimental colitis and treated on day 

3 with Covergel-TriBio with no active substance. 

- Platform + IFX group: Animals with experimental colitis and treated 

on day 3 with Covergel-TriBio with Infliximab (1 mg/mL). 
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- Platform + VDZ group: Animals with experimental colitis and treated 

on day 3 with Covergel-TriBio with Vedolizumab (1 mg/mL). 

 

Figure 24. Experimental layout of the acute EC animal study 

Exclusion criteria were fixed at day 3. Animals had had to lose at least 8% of 

the original weight (Day 0) and endoscopy at day 3 had to show, at least in 

some part of the colon, a circumferentially affected area. 

3.2.2. Assessments 

Animals were weighted on days 0, 3 and 7. Endoscopic procedures were 

carried out on the same days and images of the colonic mucosa were taken. 

Blood was extracted on the same days by a small cut on the tail, and serum 

from the three time points was kept frozen for future evaluations. 

On day 7, animals were euthanized by an anesthetic overdose. First, a piece of 

liver was retrieved under sterile conditions and placed in saline until further 

analysis. Then, the colon was extracted, cleaned, measured and weighted. 

Pictures were taken, and then, the ulcer site was cut and placed in 10% 

formaldehyde for H/E staining and histopathological evaluation. 

A blinded-histopathological evaluation was done by a pathologist from the 

Germans Trias i Pujol Hospital. The scoring system (Table 9) followed was 

extracted from Erben et al114. 
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Table 9. Scoring scheme for chemically-induced colonic inflammation  

Inflammatory cell infiltrate: Intestinal architecture: 
Severity Extent Score 1 Epithelial 

changes 
Mucosal 
architecture 

Score 2 

Mild Mucosa 1 Focal erosions  1 
Moderate Mucosa 

and 
submucosa 

2 Erosion ± Focal 
ulcerations 

2 

Marked Transmural 3  Extended 
ulcerations ± 
granulation 
tissue ± 
pseudopolyps 

3 

Sum of scores 1 and 2: 0-6 

Liver was retrieved, and 0.5 g were placed in 1mL of saline and homogenized. 

Then, 0.1 mL of the homogenate were cultured on a LB Agar petri dish at 

37ºC for 24 hours. The appearance of CFU was evaluated as a way to stablish 

bacterial translocation to the liver, a marker of a weak intestinal wall due to 

inflammation. 

3.3. Chronic EC animal study 

3.3.1. Layout 

Twelve male Sprague Dawley rats (Harlan Laboratories Models SL, Barcelona, 

Spain) weighting 250-300 g were included in this study. The experimental 

colitis animal model was performed by the rectal administration of 0.6 mL of 

a 3.5% TNBS solution in 50% ethanol. In order to reproduce a chronic EC, 4 

rounds of TNBS were applied following the same time line as for acute EC 

(Colitis induction – Treatment application – Evaluation of treatment and 2nd 

round of colitis induction). Four days after the fourth treatment application, 

animals were euthanized, and evaluations were done (Figure 25). 
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Animals were randomized in two groups: 

- Infliximab s.c. group: Animals with EC treated with 5 mg/kg of IFX 

subcutaneously on days 3, 10, 17 and 24. 

- Platform + Infliximab group: Animals with EC and treated on days 

3, 10, 17 and 24 with Covergel-TriBio with IFX (1 mg/mL). 

 

Figure 25. Experimental layout of the chronic EC animal study. 

All assessments were carried out the same way as in the acute EC study. 

3.3.2. Immunodetection of antibodies to Infliximab. 

Serum samples from all the treatment days (3, 10, 17, 24) and the day of 

euthanasia (day 28) were tested for ATIs. 

Briefly, to separate ATIs from IFX as the might be found on blood, a protein 

G column and acidic buffer treatment were used. 600 µL of a 1:10 dilution of 

serum was applied onto the protein G column (Ab Spin trap; GE Healthcare) 

and washed. Trapped ATIs were eluted with 400 µL of elution buffer (0.1 M 

Glycine-HCl pH 2.7) which releases proteins trapped in the protein G column 

and at the same time, dissociates ATI’s-IFX complexes. Samples were eluted 

into neutralizing buffer (1 M Tris-HCl pH 9) containing an IgG concentration 

of 20 µg/mL to prevent the re-formation of immune complexes.  
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Then, with the samples obtained from the protein G column, a 96-well plate 

was coated with 200 µL/well O/N at 4ºC or for 1 hour at 37 ºC. Plates were 

washed with washing buffer (PBS 0.1% Triton) and 200 µL/well Horseradish 

peroxidase conjugated-Infliximab (HRP conjugation Kit, abcam) (0.2 µg/mL 

IFX-HRP) were added for 30 minutes at room temperature, protecting the 

plate from direct light. The plate was further washed and finally, a substrate 

solution (3,3’,5,5’-Tetramethylbenzidine/H2O2 50% vol/vol) was added to the 

microplate. The enzyme reaction yields a blue product that turns yellow when 

stop solution (2 M sulfuric acid) is added. The intensity of the color measured 

is in proportion of the quantity of ATIs bound in the initial step; this intensity 

is measured by determining the optical density of each well using a microplate 

reader at 450 nm with a wavelength correction set to 540 nm using a 

spectophotometer (Varioskan Flash, Thermo). SkanIt Software 2.4.1 was used 

to analyze results. This protocol was extracted from Imaeda et al115. 
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1. Development and characterization of the new 
hydrogel 

1.1. Rheological and structural study 

Rheological tests were carried out on the first four combinations of hydrogels, 

and thus, adhesion and viscosity properties were evaluated. Both 

characteristics were influenced by temperature.  

Adhesion was measured in mN/s, the lower the value the higher the adhesion 

of the gel to the surface. All hydrogels showed a similar adhesion force at 22ºC, 

but when temperature was raised, adhesion force of only CD2 was highly 

increased, from -25 to -3993 mN/s (Table 10). 

Table 10. Adhesion force test. 

Sample Adhesion 
(mN/s) 22ºC 

SD Adhesion (mN/s) 
37ºC 

SD 

CD1 -21.68 4.24 -41.25 5.47 
CD2 (Covergel) -24.48 5.34 -3992.93 536.21 
CD3 -21.12 6.22 -11.75 6.48 
CD4 -30.98 7.27 -15.17 13.48 

Viscosity (h) of all samples was similar at 22°C, but as in adhesion test, when 

temperature was increased to 37°C, viscosity of Covergel was increased 

from<1 Pa×s at 22 ºC to 1500 Pa×s at 37 ºC.  Figure 26 shows the evolution of 

viscosity of the hydrogels depending on the shear rate at two different 

temperatures.  

Based on adhesion and viscosity properties, we chose Covergel (CD2) due to 

its capacity to increase these two major properties when body temperature was 

reached (Figure 27). The final composition of Covergel was 20% pluronic F-

127, 2% methylcellulose and 1% hyaluronic acid in distilled water. 
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Figure 26. Viscosity test. 

 

Figure 27. Original Covergel structure. 
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Covergel was able to gellify with an increase in temperature, but since only 

physical interactions held Covergel together, when submerge in medium it 

would dissolve, making it impossible to continue with the characterization 

experiments we wanted to carry out. This is why, a modification on one of the 

original components of Covergel was proposed in order to achieve an 

irreversible gelation if desired (Figure 28). For this, acrylate groups were added 

to Pluronic-F127. This allowed the chemical crosslinking of Covergel using a 

photoinitiator and UV light exposure (Figure 29), as well as the temperature 

induced physical crosslinking of the original Covergel. 

 

 

Figure 28. Modified Covergel without exposure to UV light. 
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Figure 29. Photopolymerization of Covergel. 
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Once Covergel is exposed to UV light and temperature reaches an adequate 

value, an irreversible gelation is induced, characterized by a network formed 

between the DAP-F127 micelles that will not dissolve when temperature 

decreases, thus maintaining the gelation state (Figure 30). 

 

Figure 30. Modified Covergel with exposure to UV light. 

Table 11 shows the different conditions tested to ensure the correct gelation 

of Covergel. Irreversible gelation was only achieved when photoinitiator was 

added to the hydrogel in a 1.15% with respect of the total amount of DAP-

F127, Covergel was placed under UV light and 37ºC were reached. 

Table 11. Gelation study. 

Test Vol. 
Gel 

Photoinitiator UV 
radiation 

37 ºC 22 ºC Irreversible 
Gelation 

1 1 mL Yes, 15 µL No Gel Liquid No 
2 1 mL Yes, 15 µL Yes Gel Gel Yes 
3 1 mL No No Gel Liquid No 
4 1 mL No Yes Gel Liquid No 

The capability of administering Covergel though the endoscope was also 
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checked, and we stablished that this composition can be given smoothly 

through a catheter (diameter 2.0–2.2 mm) by applying a force of 370 mmHg 

(0.48 atmospheres) (data not shown). 

One mL of Covergel, and different compositions of similar hydrogels were 

gelified and lyophilized in order to obtain SEM images to evaluate the 

structure and porosity of the inner network. Figure 31 shows three different 

combinations of materials (PA: Di-acrylate Pluronic-F127, HA: Hyaluronic 

acid, ALG: Alginate, MC: Methylcellulose). SEM images show that these 

combinations do not present a structured network and pores are not well 

defined.  

 

Figure 31. SEM images of hydrogels with variations on the composition from our 
hydrogel. 

On the contrary, Figure 32 shows three SEM pictures of Covergel. A well-

defined network can be observed, pores present a variety of sizes ranging from 

50-300 µm diameter. 

Swelling and degradation rates were studied in different conditions for one 

month. pH=7 as a physiological medium, pH=3 imitating the acidity found in 

the stomach, pH=9 and bacterial culture as a medium similar to the colon 

environment, and pH=11 as an extreme situation. Results are shown in Figure 

33. 
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Figure 32. SEM images of Covergel. 

 

Figure 33. Degradation of the Covergel in different situations. 

At an extreme condition such as a highly basic medium (pH 11) Covergel 

quickly disintegrates. Interestingly, at high acidic conditions like the ones 

found in the stomach, Covergel was able to last for 30 days although the 

structure was not as well maintained. Water intake was higher than in other 

conditions, but weight was lower, indicating that the majority of the weight is 

from water inside Covergel, but the overall structure is starting to dismiss. 

Degradation in other situations (pH 7, 9 and bacterial culture) showed a similar 

fashion, being able to last for at least 30 days under these conditions. 
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1.2. Drug Release Study 

First, we analyzed the incorporating efficacy of drug inside Covergel. For 

Trypan Blue, the incorporating efficacy was 58.96 ± 2.8% and for BSA 24.09 ± 

4.34% (mean ± SD). Then, experimental data was used to study the release 

kinetics model that better fitted out results, as well as the release mechanism 

that better explained the release kinetics from Covergel. Figure 34 shows the 

representative curve of the different kinetic models and the Korsmeyer-

Peppas mechanism model. Correlation coefficient of the different equations 

are shown in Table 12. 

 

Figure 34. Release profiles of different drugs from Covergel and several kinetic 
models.  

Table 12. Correlation coefficient (R2) between release profiles and several kinetic 
models and Korsmeyer-Peppas model. 

 
Sample 0-order R2 1st-order R2 Higuchi R2 Korsmeyer-Peppas 

Tryp. B 0.2022 0.3361 0.8986 0.9169 
BSA 0.5393 0.8324 0.9167 0.9171 
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The release kinetics model that best fits our results is the Higuchi release 

model, being the final equation obtained for our results: 

For Trypan Blue  Mt=0.05760t1/2   R2=0.8986 

For BSA   Mt=0.1369t1/2   R2=0.9167 

Korsmeyer-Peppas model equation for our release profiles were: 

For Trypan Blue Mt=0.06803t0.4338 R2=0.9169 

For BSA  Mt=0.1329t0.5116  R2=0.9171 

The release exponents (n) were 0.4338 for Trypan Blue and 0.5116 for BSA. 

The release exponent (n) gives us information about the diffusion mechanism 

by which drugs diffuses from dosage form. When n is less than 0.45 it follows 

a quasi fickian diffusion, n=0.45 fickian diffusion, 0.45<n<0.89 anomalous 

diffusion or nonfickian diffusion. 0.89<n<1 Zero order, case-2 relaxation or 

non fickian case 2, >1 Non fickian super case 2. 

1.3. Biocompatibility Study 

In order to characterize the biocompatibility of Covergel, we first evaluated its 

effect on cell viability in vitro by culturing Caco-2 cells in conditioned medium 

with 1%, 2%, 5% 10% and 15% of Covergel v/v. 

Figure 35 shows the results after 96 hours of culture. Values are expressed in 

Relative Fluorescence Units (RFU). Cell viability was not compromised by any 

of the percentages of Covergel in culture medium. On the contrary, all 

percentages of Covergel diluted in culture mediumd improved cell viability 

compared to positive control, reaching a top at 10%. This results were 

expected as for the trophic effect of HA on cells. 
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Figure 35. Cell viability of Caco-2 cells in medium with our hydrogels. 

We also analyzed the biocompatibility of Covergel in vivo. To do so, blood 

from rats that underwent the intraperitoneal injection of Covergel was 

analyzed for traces of toxicity. Results are shown in Table 13. 

Table 13. Blood tests results. 

 Reference 
values 

Control  3 days post 
injection 

7 days post 
injection 

Hemoglobin 
(g/100mL) 

14-20 14.46 ± 0.32 13.69 ± 1.77 14.27 ± 1.41 

Hematocrit (vol.%) 36-48 43.75 ± 1.56 40.83 ± 6.65 42.85 ± 2.83 
RBC (x1012/L) 5.4-8.5 8.43 ± 0.29 7.65 ± 0.85 8.32 ± 0.85 
Leucocytes 
(x109/L) 

6-17 6.29 ± 1.27 2.14 ± 0.35 1.99 ± 1.49 

Platelets (x109/L) 450-885 806.89 ± 
52.09 

640.14 ± 
30.41 

692.15 ± 
231.49 

Neutrophils (%) 18-36 15.61 ± 7.6 20.87 ± 1.70 24.92 ± 
12.18 

Eosinophils (%) 1-4 2.53 ± 0.55 2.12 ± 0.5 2.16 ± 2.52 
Lymphocytes (%) 62-75 80.27 ± 7.28 72.39 ± 4.31 67.87 ± 

20.86 
Monocytes (%) 1-6 0.25 ± 0.2 0.25 ± 0.3 0.12 ± 0.09 
Basophils (%) 0-0.3 0 0 0 
AST (U/L) 39-92 81.91 ± 19.63 70.75 ± 8.49 78.46 ± 3.54 
ALT (U/L) 17-50 44.84 ± 5.93 38.02 ± 5.23 38.68 ± 

13.58 
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Results show normal values for blood evaluations except a slight leucopenia. 

Liver parameters are also normal meaning no hepatic toxicity. Hemolysis rate 

caused by Covergel on blood from three different rats was 2.829 ± 1.135%. 

No mortality was observed during this study; rats showed normal levels of 

energy, behavior, movement and kept a shining hair. There were no signs of 

inflammation on skin, no salivation or vomit and no mouth, nose nor eye 

secretion. Body weights were normal and increased in a similar fashion as rats 

fed ad libitum do. 

Macroscopic evaluation of major organs didn’t show any signs of 

abnormalities, and organs weight with respect of total body mass did not 

present any significant differences. Results are shown in Figure 36. 

 
Figure 36. Organ’s weight. 

After macroscopic evaluation, organs were fixed in 10% formaldehyde and 

stained with H/E for histological evaluation. Figure 37 shows representative 

pictures of 5 major organs: Heart, Lungs, Liver, Kidney and Spleen from 

control rats and from 3 and 7 days post intraperitoneal injection of 10 mg/kg 

of Covergel.  

The heart tissue didn’t show signs of toxicity, cardiac myocytes maintain a 

good arrangement, and no hemorrhage, inflammation nor necrosis is 

observed. In the liver, no hepatocellular degeneration occurs, and there isn’t 
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an abnormal neutrophil, lymphocyte or macrophage infiltrate in the tissue. 

Tissue structure from spleen, kidneys and lungs is maintained as well. These 

results confirm that Covergel was non-toxic in major organs after 7 days post 

intraperitoneal injection. 

 

Figure 37. Organ’s histology. 

To evaluate the effect of gelified Covergel inside the body, we performed a 

subcutaneous (s.c). placement of 0.5g of Covergel.  

The tissue surrounding Covergel at the time of euthanasia was fixed, stained 

in H/E and evaluated by a pathologist. Figure 38 shows a synovial metaplasia, 
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a capsular surface covered by fibrohistiocytic cells that are grouped forming 

pseudovilli. No toxicity or inflammation was seen in the surrounding tissue, 

meaning that the body responded by encapsulating the hydrogel as it would 

do with a foreign body, but no rejection response was triggered. 

At the time of placement, Covergel samples weighted 0.5 g; when extracted, 

the weight was 0.95 ± 0.06 g. 

 

Figure 38. Histological findings on the surrounding tissue of the implanted hydrogels 
on rats. 

Covergel samples were also evaluated with Scanning Electron Microscopy to 

study the maintenance of the inner network when it was placed inside the 

body.  

Figure 39 shows SEM images of Covergel 10 days after placement; porosity 

and inner network are maintained, and no major variabilities are observed. No 

cell invasion was detected in Covergel 10 days after s.c. placement. 

Finally, time of adhesion of Covergel to the mucosae was studied. Figure 40 

shows X ray images of the same rat before Covergel application (A) after 

Covergel application (B) and 36 hours after Covergel application (C). Results 

indicate that Covergel is able to stay adhered to the mucosae for at least 36 

hours in vivo.  
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Figure 39. SEM images of the implanted Covergel in rats. 

 
Figure 40. X ray images of the same rat at (A) before Covergel application, (B) at the 

time of application and (C) 36 h after application. 
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2. Implementation of our hydrogel on the endoscopic 
technique 

2.1. Submucosal Injection Solution 

Trans-epithelial R was measured at times 0, 15, 30, 45 and 60 min after 

substance injection on the submucosal layer. Electrical resistivity of porcine 

stomach without submucosal injection was 5x104 Ω. Solutions showed a wide 

variability of trans-epithelial R after submucosal injection (Time 0: GP 20x104 

Ω, BB 20x104 Ω, GC 16x104 Ω, GS 13x104 Ω, HA 9x104 Ω, PL 8x104 Ω, PRP 

6x104 Ω, S 6x104 Ω, and PRP+BB 6x104 Ω) (Table 14). Next measurements 

at 15, 30 and 45 minutes showed a trend to decrease R in all solutions except 

HA, PL, PRP and PRP+BB that maintained stable values.  

Table 14: Electrical and rheological properties of different solutions to perform 
submucosal injection. Values represent the mean of three separate experiments for 
each substance 
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Saline 6 198.4 1.68 1.22 27.46% 33.4 286 0.0043 

PRP 6.5 110.4 2.14 1.67 22.12% 20.3 278 0.01 
Gliceol® 16 82.4 2.12 1.53 28.74% 17.6 288 0.009 

HA 9 56.6 2.41 1.76 27.06% 28 282 0.04 

PL 8 47.6 2.37 1.93 18.63% 34.6 300 0.9 

GS 10% 13 82.9 2.33 1.15 50.84% 23.5 556 0.008 

Gelaspan 20 133.6 2.45 1.73 30.51% 30.7 284 0.009 

BB 20 55 2.63 2.32 11.74% 51.7 300 0.9 

PRP+BB 6 80.1 2.60 1.65 36.55% 33 280 0.045 
 

The substances that were able to maintain a higher R after 60min post-

injection were BB (7x104 Ω), HA (7x104 Ω) and PL (7x104 Ω) (Figure 41). 
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Figure 41. Trans-epithelial R of different solutions in fresh porcine stomach at 
baseline, 15, 30, 45 and 60 minutes after submucosal injection. 

EMR without any substance used to create a cushion resulted in muscular layer 

Tª of 79.48ºC and a total time for resection of 31 seconds (basal 

determinations). Solutions showed very different patterns in Tª increase during 

EMR at muscular layer (Figure 42). High risk of deep thermal injury (Tª higher 

than 60ºC) was observed with S (198.4ºC), GP (133.55ºC), PRP (110.4ºC), GS 

(82.85ºC), GC (82.4ºC) and PRP+BB (80.1ºC). By contrast, protective 

solutions were PL (47.6ºC), BB (55ºC) and HA (56.63ºC). 

 
Figure 42. Temperature after EMR reached at muscular layer. 

Time to perform EMR was comparable or higher than basal with HA (28”), 
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GP (30.73’’), PRP+BB (33’’), S (33.41’’), PL (34.64’’) and BB (51.67’’). 

Solutions able to shorten this time were GC (17.66’’), PRP (20.3’’) and GS 

(23.45’’) (Figure 43). 

 
Figure 43. Time to perform EMR with different substances using a standard 
polypectomy snare. 

Submucosal cushion height with the different solutions at time 0 and 60 

minutes after injection is shown in Table 14. The substances capable of 

maintaining at least a 75% of the original height after one hour were (cushion 

decrease <25%): BB (11.74%), PL (18.63%) and PRP (22.12%) (Figure 44). 

A nonparametric Spearman correlation study was done for all the 

characteristics evaluated and results are shown in Table 15. Correlation 

quantifies the degree to which two variables are related. Correlation tests 

compute a correlation coefficient (r) that indicates how much one variable 

tends to change when the other one does. When r is 0.0, there is no 

relationship. When r is positive, there is a trend that one variable goes up as 

the other one goes up. When r is negative, there is a trend that one variable 

goes up as the other one goes down. 

The only significant correlations were: muscular T vs resistivity (-0.7851) 

muscular T vs osmolarity (-0.8740) and EMR time vs resistivity (0.6938). 

These results indicate that as resistivity and viscosity of a substance increase, 
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the muscular temperature reached decreases, so solutions with higher 

resistivity and viscosity will be more efficient for thermal protection. Also, 

time to perform EMR is increased when resistivity of a solution is increased, 

as we have seen in our results. 

 
Figure 44. Percentage of submucosal cushion decrease of the height acquired by each 

substance at time 0. 

Table 15. Nonparametric Spearman correlation for all characteristics evaluated. 
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Resistivity --- 0.635 0.357 -0.785 ** 0.693* -0.529 
Viscosity 0.635 --- -0.337 -0.874** 0.495 -0.605 
Osmolarity 0.357 -0.337 --- 0.025 0.390 0.075 
Muscular Tª -0.785 ** -0.874** 0.025 --- -0.383 0.483 

EMR time 0.693* 0.495 0.390 -0.383 --- -0.450 
Cushion 
decrease -0.529 -0.605 0.075 0.483 -0.450 --- 

* p-value <0.05. ** p-value <0.01. 
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The rest of correlations studied, although not statistically significant, show a clear 

trend towards interesting results. For example, as viscosity of a solution is higher, 

cushion decrease is lower, meaning that more viscous solutions will last longer on the 

submucosal layer. Higher viscosity of a solution also means higher resistivity, lower 

osmolarity, and longer time to perform EMR. 

2.2. Endoscopic Shielding Technique 

As seen in Figure 45, Covergel-Bibio was capable of maintaining an inhibition zone 

on the petri dish 72 h after seeding. On the contrary, Covergel did not inhibit bacterial 

growth, but the state of Covergel itself was not checked as we had previously seen that 

it was resistant to bacteria for at least 30 days. Control test shows dehydrated Covergel-

Bibio. 

 

Figure 45. Covergel-Bibio test of bacterial inhibition. 
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2.2.1. Thermal injury 

Endoscopic Shielding Technique with Covergel-Bibio induced a marked trend 

towards a less deep thermal injury on the pathological specimen in both animal 

models (Figure 46). In rats, treatment with Covergel-Bibio showed the best 

results in comparison with control and comparative groups, avoiding mortality 

(0% vs 50% and 25%; P = 0.038), and avoiding the risk of perforation at 7 

days (0% vs 100% and 33.3%; P = 0.02) (Table 16). Mortality in rats happened 

during the first 48 h after the procedure. Perforation in dead rats was detected 

during necropsy. In those rats, only macroscopic assessments were done. In 

the surviving animals, delayed perforation was evaluated in histological studies. 

Although we didn’t observe statistical significance between groups, because of 

the number of animals, non-treated animals showed higher deep thermal 

injury (1.45 ± 0.88 vs 2.25 ± 1.38 and 1.50 ± 1.19).  

 

Figure 46. Histological evaluation of rat model (a-d) and porcine model (e-g).  

Figure 46 shows relevant histopathological findings on both animal models. 

Picture a shows an open perforation on rat’s colon found when necropsy was 

done. Picture b shows transmural necrosis on an animal from group A, and 

pictures c and d show the absence of deep thermal injury in rats from groups 

B and C. Pictures e-g show necrosis, or absence of it, of the muscularis propria 
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in porcine model that underwent EMR from groups D (picture e) E (picture 

f) and F (picture g). 

In the porcine model, no mortality was observed. Submucosal injection of 

Covergel-Bibio induced a marked trend towards a less deep thermal injury in 

acute lesions induced at the end of the 14-day study (Group F = 2.25 ± 0.46 

vs D and E= 2.75 ± 0.46; P = 0.127) (Table 17). 

2.2.2. Mucosal healing 

In rats (Table 16), ulcers at 48 h were similar in all treatment groups (Group 

A: 0.56 ± 0.10 cm2; Group B:0.55 ± 0.01 cm2; Group C:0.57 ± 0.34 cm2; P 

value n.s.). Mean ulcerated area after 7 days was significantly smaller with 

Covergel-Bibio than with saline and comparative (Group C: 0.17 ± 0.07 cm2; 

Group A: 0.39 ± 0.04 cm2; Group B: 0.29 ± 0.01 cm2; P value < 0.01). Mucosal 

healing rate (percentage of mucosal restoration) at 7 days was significantly 

higher with Covergel-Bibio (Group C: 70.3%; Group A: 47.2%; Group B: 

30.3%; P value = 0.003). Physiological healing (absence of submucosal 

fibrosis) was significantly higher with Covergel-Bibio (6 of 8 animals, 75%) 

than in saline (0 of 4 animals, 0%) and comparative example (4 of 6 animals, 

66.6%) (P value = 0.02). 

Table 16. Thermal injury and mucosal healing in rat model. 

 Group A Group B Group C 
Mortality n (%) 4/8 (50) 2/8 (25) 0/8 (0) 
Delayed perforation n (%) 4/4 (100) 2/6 (33.3) 0/8 (0) 
Mean ulcerated area at 48 h (cm2) 0.56 ± 0.10 0.55 ± 0.01 0.57 ± 0.34 
Mean ulcerated area at 1 week (cm2) 0.39 ± 0.04 0.29 ± 0.01 0.17 ± 0.07 
Mucosal healing rate (%) 30.3 47.2 70.3 
Physiological healing n (%) 0/4 (0) 4/6 (66.6) 6/8 (75) 
Fibrotic healing n (%) 4/4 (100) 2/6 (33.3) 2/8 (25) 
Thermal injury 2.25 ± 1.38 1.50 ± 1.19 1.45 ± 0.88 

In the porcine model (Table 17), basal mean ulcerated area induced by EMR 

was comparable in the three groups (Group D: 2.12 ± 1.45 cm2, Group E: 2.57 
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± 1.53 cm2, Group F: 2.66 ± 1.64 cm2; P value n.s.). Mucosal healing rate at 

week 2 (percentage of mucosal restoration) was significantly higher in animals 

treated with Covergel-Bibio (Group E: 90.2 ± 3.9%, Group F: 91.3 ± 5.5%; 

Group D: 73.1 ± 12.6%; P = 0.002), as can be observed during endoscopic 

follow up (Figure 47). 

Table 17. Mucosal healing and thermal injury in porcine model. 

 Group D (n=8) Group E (n=8) Group F (n=8) 
Basal ulcer (cm2) 2.12 ± 1.45 2.57 ± 1.53 2.66 ± 1.64 
Mucosal healing rate (%) 73.1 ± 12.6  90.2 ± 3.9 91.3 ± 5.5 
Thermal injury 2.75 ± 0.46 2.75 ± 0.46 2.25 ± 0.46 

 

 

Figure 47. Endoscopic follow-up in porcine model. 

3. Hydrogel as a drug-delivery platform for intestinal 
diseases. CRC and experimental colitis animal 
models 

3.1. CRC animal model 

Animals underwent endoscopic follow-up from week 30 after AOM 

application to week 35, which is the estimated time for tumors to appear. Once 

a tumor was seen, intratumoral application with selected treatment was done 
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and 10 days after animals were euthanized. Features of obtained tumors in this 

animal study are reviewed in Table 18. Figure 48 shows representative pictures 

of each group. Endoscopic pictures from treatment application day and 

macroscopic, and histological pictures after euthanasia are shown. 

Table 18. Feature results of the animal model. 

Features 
Tumor incidence 100% of animals 
Tumor multiplicity 1.25 (15 rats 1 tumor, 5 rats 2 tumors) 
Tumor location 20 tumors distal, 5 tumors proximal 
Tumor size average (mm) 7.2 mm 
Tumor histology 100% adenocarcinomas 

The only case where intratumoral injection seemed to have a clear necrotizing 

effect was in rats treated with Aflibercept + Irinotecan, where a clear necrosis 

can be seen both macroscopically and histologically. 

These results are in line with results from the histopathological study where, 

the only treatment that produced a significant tumor size reduction and tumor 

necrosis was Aflibercept + Irinotecan. Results are shown in Figure 49. 

3.1. Acute experimental colitis model 

All animals included in this protocol underwent an endoscopic follow-up at 

day of induction (day 0), day of treatment (day 3) and day of euthanasia (day 

7). Furthermore, when animals were euthanized, colon was extracted and 

evaluated macroscopically, pictures were taken. 

At day 0 no differences were seen on the aspect of the colonic wall, with 

absence of any ulcers or inflammation and normal vascular pattern throughout 

the colon (data not shown). At day 3, all animals presented, at least in some 

part, an entire circumferential affectation of the wall, moreover, a minimum 

of 8% of weight loss was require for animals to be included in the study. Figure 

50 shows endoscopic and macroscopic images of representative animals from 

each group. 
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Figure 48. Endoscopic, macroscopic and histological pictures of CRC animal model. 
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Figure 49. Tumor size reduction and histological score for necrosis after treatment. 

Mucosal restoration on treated groups was easily seen both by endoscopy and 

during necropsy. Vascular pattern was recovered, and signs of ulceration or 

friability were diminished. Samples were later analyzed histologically. 

Ponderal evolution was studied as variation (D) of original weight at day 0 for 

each rat. At day 3, variations of original weights expressed in median (range) 

were: Sham +11 (4) g, Control -49 (34) g, Platform -40 (23) g, Platform + IFX 

-39 (26) g and Platform + VDZ -35 (31) g. All groups that underwent colitis 

induction had lost >8% of original weight. At day 7, variations of original 

weights expressed in median (range) were: Sham 23 (14) g, Control -55 (33) g, 

Platform -36 (51) g, Platform + IFX -17 (56) g and Platform + VDZ -20 (34) 

g (Figure 51). 
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Figure 50. Endoscopic and macroscopic images of colitis induction and resolution 4 
days after. 

 

Figure 51. Ponderal evolution. 
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The ratio between colon’s length and weight is a simple indicator of edema 

and inflammation in the tissue. Colon weight/length ratio for animals at day 7 

expressed in Median (Range) was: Sham 0.09758 (0.0407) g/cm, Control 

0.3157 (0.244) g/cm, Platform 0.2063 (0.1012) g/cm, Platform + IFX 0.1854 

(0.1527) g/cm and Platform + VDZ 0.1914 (0.0545) g/cm (Figure 52). 

Another sign of a weak intestinal barrier is bacterial translocation to liver, 

which happens when the permeability of the barrier is hindered due to 

inflammation or edema. Cases and percentages of bacterial translocation to 

liver at day 7 were: Sham (0/6; 0%) Control (8/8; 100%) Platform (5/8; 

62.5%) Platform + IFX (1/7; 14.3%) and Platform + VDZ (1/6, 16.6%). 

 

Figure 52. Colon weight/length ratio 

Histological study evaluated the maintenance of the intestinal architecture and 

the inflammatory cell infiltrate in a 0-3 scale for both characteristics and a final 

0-6 scale. Histological score for groups as mean ± SD is: Sham 1 ± 0, Control 

5.87 ± 0.35, Platform 5.24 ± 0.76, Platform + IFX 5.34 ± 0.98 and Platform 

+ VDZ 5.28 ± 0.82. Representative images of each group are shown in Figure 

53. 
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Figure 53. Histological images of the Acute experimental colitis study. 
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3.2. Chronic experimental colitis model 

All animals included in this protocol underwent 4 rounds of TNBS colitis 

induction in the same fashion as the acute model, thus, induction was done on 

days 0, 7, 14 and 21, treatments were given on days 3, 10, 17 and 24 and 

euthanasia was performed on day 28. Animals underwent endoscopic follow-

up at days of induction, days of treatment and day of euthanasia. Furthermore, 

when animals were euthanized, colon was extracted and evaluated 

macroscopically, pictures were taken. 

At Day 0 no differences were seen on the aspect of the colonic wall, with 

absence of any ulcers or inflammation and normal vascular pattern throughout 

the colon (data not shown). All animals decreased at least an 8% of weight on 

the first colitis induction at day 3, nevertheless, no exclusion criteria were set 

on this study as the main aim was to evaluate the final concentration of ATIs 

after 4 rounds of treatment application. There was variation in both groups in 

the degree of colitis induction throughout the 4 TNBS applications. Figure 54 

shows representative images of both groups at day 3 (first treatment 

application), day 7 (second TNBS induction), day 21(fourth TNBS induction), 

day 24 (fourth treatment application) and day 28 (euthanasia). 

Ponderal evolution was studied as percentage (%) of original weight at day 0 

for each group (Figure 55), values are expressed in median (range). No 

statistically significant differences were observed at any day of the study. 

Bacterial translocation to liver in both groups had the same values, two animals 

out of six (33.3%). 

Colon weight/length ratio for animals at day 28 expressed in median (range) 

are shown in Figure 56. This ratio was significantly lower in the IFX 

subcutaneous treated group compared to the group treated with our platform 

and IFX (0.213 (0.124) vs 0.3497 (0.129), p value 0.0087). 
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Figure 54. Endoscopic and macroscopic images of chronic experimental colitis model. 

Figure 55. Ponderal evolution 
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Figure 56. Colon weight/length ratio 

Histological study evaluated the maintenance of the intestinal architecture and 

the inflammatory cell infiltrate in a 0-3 scale for both characteristics and a final 

0-6 scale. Histological score for groups as mean ± SD is: Platform + IFX 5.48 

± 0.55 and IFX s.c. 4.96 ± 0.71. Representative images of each group are 

shown in Figure 57.  

Finally, concentration of ATIs after four treatment applications was evaluated. 

The evolution of levels of ATIs for each group is shown in Figure 58, values 

are represented in mean (± SEM) of µg/mL-calibrated (µg/mL-c) where 

values have been compared to a polyclonal rabbit a-IgG standard. At day of 

euthanasia, levels of ATIs were significantly lower in rats treated with our 

platform + IFX compared to rats treated with IFX subcutaneously (0.90 ± 

0.06 µg/mL-c vs 1.97 ± 0.66 µg/mL-c, p value 0.0025). 
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Figure 57. Histological images of the Chronic experimental colitis study 

Figure 58. ATIs evolution. 
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Endoscopy has become a day-to-day basis medical procedure not only for its 

importance as a diagnostic tool in gastrointestinal pathologies or as a 

surveillance tool for colorectal cancer. It also offers many benefits as a 

therapeutic tool, permitting a less invasive way to solve mucosal and 

mechanical problems of the gastrointestinal tract. Nevertheless, as all medical 

interventions, adverse events are present and hinder the use of endoscopy in 

some scenarios, making the patient go through a much more invasive 

procedure such as surgery. In this work we have tried to give a solution to 

some of the unmet needs of endoscopy, as well as to provide new therapeutic 

tools for endoscopy. 

We have developed a new hydrogel, which we named Covergel, based on 

Poloxamer Pluronic-F127, Hyaluronic acid and Methylcellulose which 

presents biocompatible, bioadhesive and bioactive properties. Alone, these 

three components of which our hydrogel is composed have proven their 

biocompatibility among other beneficial characteristics108,109,116–118.  

Rheological studies on Covergel showed a reverse thermosensible capacity of 

gelation, characteristic given by P-F127. Gelation was accompanied by a 

greater adhesion of Covergel. Adhesion force greatly increased when 

temperature increased from 22 to 37°C in vitro. This characteristic is especially 

interesting for mucoadhesion of Covergel. When Covergel contacts the 

mucosal layer at a physiological temperature, is gellifies permitting the 

adhesion to the mucosae119. We have proven that Covergel is able to stay 

adhered to the mucosae for at least 36 hours. Irreversible gelation was 

accomplished by the addition of acrylate groups to P-F127 and the exposure 

of Covergel with a photoinitiator to UV light. Since temperature increase is 

still necessary for Covergel to gelate with modified P-F217, rheological 

properties of both the initial and final mixture of Covergel are maintained, but 

this chemical gelation gives Covergelmuch more resistance in aqueous 

mediums. Modified P-F127 thus, results in a higher union force of the 
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hydrogel matrix, making it less vulnerable to matrix transformations due to 

osmotic pressure or tissue extrusion, which is an advantage for a controlled 

drug release of Covergel120. Rheological studies in Covergel confirmed that it 

is a non-Newtonian fluid, meaning that its viscosity varies with temperature. 

This kind of fluids don’t have a constant and well-defined value of viscosity. 

Morphologically, Covergel presents a large microporosity with an 

interconnected network that can be the matrix for cell ingrowth as well as 

nutrients and waste flow, essential characteristics for cell survival within the 

hydrogel. Ganji et al121 classified hydrogels according to the extent of porosity 

and the type of porous structure. According to this description, Covergel 

would fall in the super-porous type. This type presents a “High porosity with 

interconnected open-cell structure” and is particularly interesting for “Drug 

delivery systems, especially in the gastrointestinal tract, and for tissue 

engineering”121. Furthermore, this microporous structure could provide a 

pathway to nutrients and oxygen flow to encapsulated cells, support cell 

proliferation and differentiation and offer a way of waste product retrieval122. 

Molecules were incorporated in Covergel by the swelling method. It was 

expected that the incorporating efficacy will be limited to the swelling capacity 

of Covergel. We also found that the size of the molecule might have a say on 

this efficacy. Incorporating efficacy for Trypan Blue was more than twice 

higher than for BSA. Another explanation for this different efficacy could be 

the concentration of each substances in the liquid that Covergel was 

submerged in. BSA concentration was 4000 times higher than Trypan Blue 

(2mg/mL vs 0.0005 mg/mL). This means that incorporating efficacy for 

trypan blue could have been hindered by swelling capacity, but it was sufficient 

water absorption to reach an osmotic pressure equilibrium inside and outside 

the hydrogel. Whereas for BSA, the swelling capacity of the hydrogel was not 

enough to reach this osmotic pressure equilibrium, due to the high original 

concentration.  
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Different kinetic models were studied with the results obtained from the drug 

release experiments. The kinetic model that best fitted our results was the 

Higuchi release model. This model is explained by Fick´s law, in which 

diffusion of a molecule is related to its concentration. The diffusion flux goes 

from a higher concentrated area to a lesser concentrated one. The magnitude 

of the diffusion flux will be proportional to the concentration gradient. These 

results and kinetic model were confirmed when mechanistic of drug release 

from Covergel were studied by the Korsmeyer-Peppas model. In this model, 

the value of the release coefficient (n) gives information about the mechanism 

of drug release. When we fitted the Korsmeyer-Peppas model to our data, the 

release coefficient obtained was 0.43. If the value of n is <0.45 means that the 

diffusion coefficient follows a Fickian diffusion, thus, following Fick´s laws. 

Hydrogel degradation is a process that transforms the microstructure of the 

hydrogel matrix, thus having an impact on other important aspects such as 

drug release120. As stated before, hydrogel degradation is a three stage process: 

swelling, swelling-induced degradation and bulk degradation95. Previous 

reports on P-F127 hydrogels showed that this kind of hydrogels swelled 

rapidly on the first hours in aqueous medium, accelerating bulk degradation 

process that was reached in approximately 1 week118. Temperature also 

affected P-F127 hydrogels swelling due to its thermo-sensitive properties, 

decreasing the swelling ratio when temperature was increased118. As seen in 

our results, Covergel reached a swelling equilibrium within the first 24 hours, 

as previously reported for other P-F127 based hydrogels118. Nevertheless, bulk 

degradation was not reached 30 days after Covergel submersion in normal 

conditions. Degradation-induced swelling was the main process occurring as 

Covergel continuously lost weight, but overall shape was maintained, and 

Covergel did not shred to pieces in this time. Only in extreme conditions 

(pH=11 and pH=3) degradation was accelerated and bulk degradation 

occurred. A possible explanation for this prolonged resistance in aqueous 

medium is the modifications Covergel presents. Modifications such as acetyl 
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groups have been proposed to increase hydrophobicity of the hydrogel 

affecting water penetrability inside108. The mixture of P-F127 with additives 

such as polymers, or modifications like UV curing have also been proven to 

increase the mechanical force of hydrogels, making them more suitable for 

clinical applications like sustained drug release123–125. Although a fast 

degradation profile is beneficious for a fast delivery of cells or drugs, it is 

inconvenient for other tissue engineering applications where a longer-lasting 

and with higher mechanical strength material is needed118. 

Cellular viability of cells co-cultured with Covergel at different percentages 

was evaluated. Covergel showed the capacity to improve cellular viability in a 

dose-dependent manner at least until a 10%. The highest percentage tested 

was 15%, in which case cell viability decreased but still was maintained the 

same as the positive control of the experiment. We believe that this increase 

in cell viability is due to the trophic action of HA. The ability of HA to 

promote cell growth is understood to be via both the CD44 receptor and the 

IL6 pathway, and it has also been seen in tumor cells126–128. Despite this, HA 

hydrogels loaded with antitumoral drugs have been very useful in inducing 

cancer cell death129. Covergel can support cell proliferation in vitro, 

demonstrating a good potential to become a cell carrier. 

Hemolysis test represent and easy and accurate method to evaluate blood 

compatibility to material in vitro. This test is recommended by the FDA for 

many substances applied intravenously such as drug excipients130. Materials 

can be classified depending on the hemolysis they cause as: hemolytic for 

materials causing >5% hemolysis, slightly hemolytic for materials causing 

between 5-2% hemolysis and non-hemolytic for materials causing >2% 

hemolysis131. According to this, Covergel should be placed in the low rank of 

slightly hemolytic materials since our hemolysis rate was 2.83%.  

Intraperitoneal injection of Covergel was performed to evaluate possible acute 

toxicity produced. Rats were monitored throughout the whole experiment and 



DISCUSSION 

139 

no affectation to their overall health state was seen. They presented normal 

behavior, well taken-care of hair, mobility and no nose or eye secretion. 

Furthermore, when organs were extracted and evaluated they didn’t present 

any major abnormalities not macroscopically neither histologically. These 

results allow us to state that Covergel did not cause an acute toxicity reaction 

on animals three or seven days post intraperitoneal injection. 

Subcutaneous placement of 0.5 g of Covergel in rats was done to evaluate in 

vivo behavior and biodegradability of our hydrogel. Original weight of Covergel 

implants was 0.5g and when extracted, weight was 0.95 ± 0.06g. This result 

means that Covergel, as it did in vitro, underwent a swelling process once placed 

in an aqueous medium like the body. Since only one time point, 10 days, was 

checked, we cannot state whether it was in a swelling-induced degradation 

state yet or not. Upon extraction, they Covergel piece had a yellowish color 

and was intact in one piece. Covergel had been encapsulated by fibrohistiocytic 

cells grouped forming pseudovilli, but no inflammation or adverse reaction 

was seen. Covergel samples were evaluated by SEM and we confirmed that 

the inner structure was maintained 10 days after s.c. placement. Nevertheless, 

no cell invasion was observed inside Covergel. We believe that this might be 

due to the way the Covergel implant was placed inside the body. Subcutaneous 

placement was carried out by performing an incision and the suturing it, 

however well done the procedure it is still a highly invasive procedure, that 

probably led to the encapsulation of the foreign body. Possibly a subcutaneous 

injection of Covergel will improve its ability to accept different cell types and 

study their behavior inside and with the hydrogel. 

We can safely say that we have developed a new hydrogel based on pluronic-

F127, methylcellulose and hyaluronic acid. Covergel present thermosensitive 

characteristics, has a well define microporous structure and we have the 

possibility to either reversibly or irreversibly gelate it as more convenient. Drug 

release studies have proven that Covergel is able to diffuse substances for a 



 

 140 

prolonged period of time. The durability of Covergel has been proved in vitro 

in physiologically-like situations for at least 30 days. No cell damage or toxicity 

has been observed in the biocompatibility studies performed with Covergel. 

All of these results help us conclude that Covergel is a good candidate to be 

used in the digestive system and implement it in endoscopic techniques in 

order to cover some unmet needs of the field. Although in vitro and in vivo 

results are really promising, further experiments on in vivo drug release kinetics 

and degradation need to be performed, as these characteristics have previously 

been reported to vary from in vitro analysis to in vivo, due to inflammatory cell 

response122,132,133.  

EMR and ESD have been stablished as safe and feasible techniques for the 

removal of large lesions throughout the gastrointestinal tract. Avoiding the 

main complications associated, bleeding and perforation, is of interest to the 

endoscopy field and for this, many improvements in the ressection techniques 

have been developed. Submucosal injection, as the introduction of a substance 

in the submucosal layer of the gastrointestinal wall to elevate the mucosal layer 

thus protecting the muscular layer, has been proved effective to prevent this 

complications and to improve the clinical outcome of the procedure. 

The search for the most appropiate solution to perfom this submucosal 

injection is still a matter of debate, studies have been more focused on the 

capacity of the solution to elevate the mucosa and to maintain this elevation, 

ignoring some other important aspects of this solutions that may have and 

important role on the outcome of the procedure. Endoscopic resections  are 

carried out using a ESU which applies an electrical current to perform the 

coagulation or cutting desired on the procedure; thus, studying the electrical 

related properties of the solutions is of great interest, and essential to prevent 

not only perforation but also the cautery effect on the intestinal wall, as 

electrical conductivity may vary according to the type of solution 

injected59,62,64,67. 
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We have tested both comercial and non-comercial solutions to performe 

submucosal injection and we have tried to relate the electrical resistivity, 

viscosity and osmolarity of the solutions with clinical aspects that will have a 

impact of the clinical outcome, such as height and lasting of the elevation, time 

to perform EMR or temperature reached after EMR. 

Resistivity is a property of a material that quatifies the opposition of said 

material to the flow of an electric current. Osmolarity is a value indicative of 

the osmotic pressure of a solution, with will determine how this solution will 

diffuse across a sempipermeable membrane (osmosis). Viscosity is often 

referred to as the thickness of a fluid, at a molecular level is a result of the 

interactionn betweenn the different molecules in a fluid and it will determine 

the energy needed to make a fluid flow. Previous studies related the electrical 

resistivity of blood to its viscosity, affected by the quantitiy of fibrinogen60,61. 

Our results showed a wide variability of trans-epithelial R after submucosal 

injection. Substances with high viscosity were associated with higher and 

maintained stable values of  R (BB, PL and HA). These solutions have also 

higher protective effect against deep thermal injury and less cushion decrease. 

By contrast, solutions able to perform EMR at shorter time were GC, PRP 

and GS.   

Statistical correlation study only showed a significant correlation between: 

resistivity of the solutions and the muscular temperature reached after EMR 

(-0.7851 p value 0.002, negative correlation, the higher the resistivity, the lower 

the temperature reached), resistivity of the solutions and the time to perform 

EMR (0.6938 p-value 0.042, positive correlation, the higher the resistivity, the 

longer to perfomr EMR) and between viscosity and the muscular temperature 

reached after EMR (-0.8740 p-value 0.003, negative correlation, the higher the 

viscosity the lower the temperature reached). The rest of correlations, altough 

not statistically significative, show a clear trend. For example, the risk of 
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thermal injury seems to be higher with higher osmolarity, and EMR time is 

higher with higher resistivity, viscosity annd osmolarity of the substance.  

Our study was an attemp to explore electrical and rheological properties of 

different solutions used in EMR. An ex vivo model to study any organ 

phisiology has some drawbacks such as absence of perfusion and active 

absorption that in this case can mean a longer time for the submucosal fluid 

to resolve; anyway we tried to minimize this problem by using porcine 

stomachs within the first hour from the animal’s death, which avoids significan 

tissue changes134.  

For this study we have tried to standarized all procedures as much as possible 

by using the same part of the stomach for each substance, creating a 2 mL 

submucosal cushion, appliying the same force at the polypectomy snare by 

using an automatic injector set and cutting the same ammount of stomach 

mucosal layer. These small-sized mucosal resections we performed do not 

usually require a submucosal injection clinically as lessions smaller than 2cm 

do not require submucosal injection for the EMR or if it is done, the solution 

used doesn’t have much impact on the final outcome67. Anyway we prioritize 

the standarization of the lessions and the EMR technique for the better 

comparision of the results. 

We also assume our small size sample and the lack of  in vivo data as this is only 

a proof of concept research work in which we wanted to see a possible 

correlation or trend between the characteristics studied and thus, open the 

door for a future study more clinically representative. 

Taking together all results comparing different submucosal injection solutions 

tested, we can say that HA, PL and BB were the best solutions with long-term 

protective effects (trans-epithelial R, lower thermal injury and less cushion 

descrease). Solutions with quicker resection time were GC, PRP and GS. 
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We have also shown that the use of endoscopic shielding technique with 

Covergel-Bibio, applied directly onto endoscopic induced mucosal lesions in 

the colon, is able to reduce the depth of thermal injury in two experimental 

models. In addition, endoscopic shielding technique with Covergel-Bibio has 

a protective effect for the appearance of delayed perforation and CS in rats. 

Previous reports in clinical practice have demonstrated that clipping closure135 

or sealing bowel defects with tissue adhesives77 have achieved promising 

results in the prevention of delayed perforation by maintaining high 

mechanical strength; despite this, the use of clips sometimes is complex or is 

limited to lesions smaller than 40 mm2 135. Tissue shielding method also has 

the disadvantage of being time consuming76,77. In this sense, sealing mucosal 

lesions with endoscopic applied chitosan hydrogel containing epidermal 

growth factor induced both, a significant reduction in mucosal resection-

induced gastric ulcers in rabbits and pigs, and the appearance of deep scar 

formation and fibrotic submucosa in untreated lesions136. More recently, our 

group has assessed the utility of platelet-rich plasma applied onto colonic-

induced lesions, showing strong healing properties in preclinical studies137. 

Our study suggests that carrying out endoscopic shielding technique with 

Covergel-Bibio, which is able to gellify over induced lesions after therapeutic 

endoscopy, is a quick (<5 min) and safe method to prevent complications 

secondary to deep thermal injuries. Covergel-Bibio has also proven effective 

in facilitating physiological healing of the wound. This characteristic is most 

likely given by two of the components, MC and HA. Both substances have 

antioxidant properties138 and HA has a well-known antioxidant benefit that 

has been proven both in vitro and in vivo139–142. Besides this antioxidant 

properties, low-weight HA has also been linked to angiogenesis143, increasing 

its wound healing properties. The duration of the adhesion to the affected area 

has not been calculated in this study, but it has proven to be sufficient to 

improve mucosal healing, promoting physiological tissue repair, and avoid 

perforation. The addition of a bioadhesive substance such as methylcellulose 
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has demonstrated its trophic and protective effect toward the mucosal layer of 

the intestine, preventing bacterial translocation in different experimental 

models, as we have demonstrated in previous work144. Finally, rifaximin is a 

low-absorbance, wide-spectrum antibiotic that has been used in several 

pathologies to clean the intestine. Giving rifaximin would ensure a lower rate 

of infection of the wounded area, reducing local inflammation and bacterial 

translocation, thereby facilitating the healing process in a faster way.  

CS is a condition characterized by the development of fever, abnormal levels 

of inflammatory markers, and abdominal pain, with or without symptoms of 

peritoneal irritation, as has been described with the use of hot forceps biopsy 

in the right colon145,146. The incidence of CS ranges from 0.07% to 1.0% in 

patients submitted for polypectomy, being higher in ESD, where more 

frequent and repetitive electrocoagulation is needed, reaching an incidence of 

7.1% in gastric lesions146.  

In our study, the application of Covergel-Bibio had a positive influence by 

reducing the depth of the thermal injury and preventing mortality and 

peritonitis. As a consequence of its biological and adhesion properties, it also 

improves mucosal restoration and the physiological healing process, avoiding 

mechanical damage and providing a safe and wet environment surrounding 

the affected area. Delayed perforation was observed in non-treated rats. 

Delayed bleeding was not observed in any case, and thus was not reported in 

the present study. 

In the prevention of CS it is important to avoid high thermal load of the 

intestinal wall, optimizing the impedances of the tissue. In this sense, clinically 

injected solutions have high significant differences of specific impedances59. 

Furthermore, submucosal injection of Covergel-Bibio reduced thermal 

damage in the porcine model by maintaining a good elevation of the area to 

be resect.  
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Although endoscopic resection techniques are still improving, they are 

established techniques that have given endoscopy a therapeutic role. 

Nevertheless, endoscopy is still evolving, and new therapeutic tools need to 

be pursued. 

Drug delivery directly to the colon is an option thanks to oral dosage 

formulations that are designed to achieve a controlled drug release. However, 

this controlled release has mainly been achieved with small molecules but not 

for macromolecules, such as mAb’s147. Direct release in the colon is beneficial 

to prevent early absorption of the drug, thus increasing the quantity of drug 

reaching the target tissue and at the same time decreasing systemic exposure 

and associated side-effect148. A specific form of control drug release is 

polymer-based drug delivery. Polymers offer a wide range of possibilities 

useful for colonic delivery. This polymers can be triggered to start releasing 

drug by physiological characteristics of the healthy colon, as well as in different 

disease situations147. Hydrogels for drug delivery have also been studied for 

their capacity of mucoadhesion and controlled delivery. 

In therapeutic endoscopy, first reports of hydrogels being used were focused 

on the treatment of ulcers after endoscopic resection. The most common 

options to treat ulcers and prevent bleeding are epinephrine injection, thermal 

coagulation, argon plasma coagulation or mechanical induction of coagulation 

using clips149. Later on, Maeng et al136 reported a EGF-coating chitosan 

hydrogel capable of mucoadhesion that had a therapeutic efficacy for the 

treatment of GI ulcers. This hydrogel could be applied endoscopically and 

hemostatically treat ulcers, accelerating healing rate and preventing rebleeding. 

This hydrogel went on to become EGF-endospray, a highly absorptive 

polysaccharide that can be applied to GI bleeding foci via an endoscope. When 

in contact with blood/gastric fluids, the EGF-endospray absorbs moisture and 

forms a bioadhesive hydrogel which acts as a mechanical barrier and 
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precipitates ulcer-healing. This was specially though to be used in ulcers on 

the upper GI due to their difficulty to be treated150. 

In this work, we have used Covergel to act as a drug delivery platform loaded 

with monoclonal antibodies, Covergel-Tribio, to treat two main colonic 

affectations, IBD and CRC. 

Covergel-Tribio with IFX and VDZ were studied using an acute EC animal 

model. TNBS induces colitis has been proven as a valid method to elucidate 

different mechanisms underlying the mechanism of the disease151. 

Furthermore, and besides its limitations mimicking all different aspects of this 

complex disease, which are still unknown, this model is a great tool to study 

the immunopathogenesis of the disease and the potential benefit of different 

therapies151. 

Our results show that the simple application of Covergel-Tribio as a dressing 

on the inflamed tissue by means of endoscopic shielding technique improves 

the overall outcome and restoration of the mucosal layer. But when Covergel-

Tribio is loaded with drugs that have proven efficacy treating this disease, the 

effect is even more pronounced. Endoscopically, mucosal improvement was 

obvious 4 days after treatment in all treatment groups. This was accompanied 

by different clinical aspects such as body weight loss, colon weight/length 

ratio or bacterial translocation to the liver, all features improved in the groups 

treated with Covergel alone or Covergel-Tribio, in combination with drugs. 

Histologically, no differences were seen between treated groups and control 

group. This might be due to the scoring system which might not be the most 

appropriate one to use in this model, and because 4 days after treatment, 

improvements might be clear endoscopically but now at a histological level. 

Zhang et al152 reported a similar approach to treat IBD. They described an 

inflammation-targeting hydrogel based on ascorbyl palmitate loaded with 

Dexamethasone, which was applied as an enema and had the ability to adhere 



DISCUSSION 

147 

to mucosa, specially inflamed mucosa. Their results were promising as 

histological score of overall mean colitis score, and other aspects such as colon 

weight or TNFa levels also improved in animals treated with the hydrogel 

loaded with dexamethasone152. Nevertheless, significant differences arise 

between his work and the work we present here. First of all, Covergel-Tribio 

was thought to be applied though endoscopy, in order to leverage the 

endoscopic procedures which IBD patients already have to undergo, instead 

of applying it as an enema with the associated welfare affectation. 

Furthermore, we believe that an endoscopic administration can be even more 

localized, focusing extensively on the inflamed mucosal sites, instead of 

affecting all colonic tissue. Zhang et al152 study plan was as well slightly 

different as they used two different animal models (DSS and a genetically 

engineered model) none of them our animal model, they administered 2 

rounds of treatment on days 1 and 3 and euthanasia was performed at day 5 

after first treatment application. However, this study showed promising 

results, and they looked into important aspects such as mucosal adherence 

time, in vivo drug release and overall systemic drug affectation. These important 

features when studying a hydrogel were not all the way evaluated on our 

project, and further experiments need to be performed. 

Moreover, another goal of our project was to improve one of the main 

problems associated with mAb’s, which is the patient developing resistance to 

this kind of treatment. This resistance is caused by the formation of ADA’s, 

as a response of the body to these exogenous complex proteins. The kind of 

mAb’s most used in IBD, no matter their nature, cause to a greater or lesser 

degree ADA’s formation42. Since new drug development is a complex and 

long-lasting effort, new therapeutic approaches are needed to reduce this risk, 

and allow patients to continue on a successful therapy longer. 

The direct drug administration with Covergel-Tribio was able to significantly 

improve the disease outcome in an animal model using a much lower dose 
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than the intravenously applied dose. Because of this, we wanted to evaluate if 

the formation of ADA’s specific to IFX was also reduced, compared with the 

traditional way of treatment application. In this case, we evaluated the 

formation of ATI’s from a subcutaneous injection of 5mg/kg IFX vs 

Covergel-Tribio loaded with IFX 1mg/mL in an experimental model of 

chronic EC. We decided to use this model in order to mimic for a longer 

period of time the disease state, and thus be able to apply therapy four times 

instead of one. Our results showed that there were no significant differences 

on the outcome of the diseases between both ways of treatment application, 

except on colon weight/length ratio which was smaller on the s.c. treatment 

group. Apart from this, meaning that a lower dose is as effective when applied 

locally as the higher is in a systemic way in resolving the disease, the levels of 

ATI’s were also evaluated. Here we did see a significant difference, being these 

levels lower on the group treated with Covergel-Tribio. These results 

confirmed our theory that a locally applied therapy at a lower dose is able to 

obtain a good clinical result and at the same time reduce adverse events and 

complications associated with the systemic application of a drug. 

The formation of ADA’s is a serious clinical event that leads to a loss of 

response in patients. This loss of response is thought to be by one of two 

mechanisms: increased clearance of mAb’s or direct neutralization42. Different 

approaches have already been studied to reduce the levels of ADA’s. Shormon 

et al153 accompanied IFX therapy with a immunomodulator and found that 

patients with loss of response to IFX due to the creation of ATI’s recovered 

effective drug levels because of the elimination of ATI’s.  This approach is an 

interesting result, but it means that patients must be treated with more drugs, 

increasing the risk of different adverse events and with a modulation of the 

immune system, with the risk associated to it. 

Our approach, although preliminary and preclinical, could mean an 

improvement on the quality of life of patients. Taking advantage of the 

endoscopic procedures these patients undergo routinely to apply therapy at a 
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lower dose would shorten the time patients spend at the hospital and decrease 

the risk of toxicity and adverse event of drugs. Nevertheless, this is a very 

preclinical study, and further research needs to be pursued, both preclinical 

and of course, clinical, in order to safely evaluate and introduce this technique 

as a standard treatment and increase the pool of therapeutic interventions to 

treat IBD patients.  

Following the same purpose of administering local therapy and reducing 

adverse events of systemic drug exposure, we addressed another typical 

disease already treated with endoscopy, colorectal cancer. We evaluated the 

feasibility of intratumoral injection of Covergel-Tribio loaded with different 

drugs as a technique to administer drugs. 

For this we used the AOM animal model of CRC. We tested intratumoral 

injection of Covergel-Tribio with five different drug combinations. Two anti-

VEGFR (Aflibercept and Bevacizumab), two anti-EGFR (Panitumumab and 

Cetuximab) all in combination with a chemotherapeutic agent, Irinotecan, and 

also the latter alone. Out of these five combinations, only one clearly acquired 

tumor size reduction and necrosis, the combination of Aflibercept with 

Irinotecan. This finds an explanation if we look into the study design. Since 

we were testing just a new way to apply therapy, we decided to try therapies 

that had proven successful treating CRC, and we choose these combinations 

with the help of an oncologist. Irinotecan is a topoisomerase I inhibitor which 

normally is administered intravenously, where it reaches the blood and arrives 

to the liver, place where it is metabolized into its active form, SN-38. We can 

guess then, that local administration of Irinotecan with our hydrogel, alone or 

in combination of other anticancer drugs like mAb’s, is not effective since the 

amount of irinotecan that will arrive to the liver to be metabolized seems really 

low, and not enough for it to affect the tumor. 

Anti-EGFR treatments have proven effective when administered alone or in 

combination with chemotherapy in treating advance CRC. However, only 
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about 10% of patients seems to respond to this kind of therapy. This is 

explained because mutations in the KRAS gene are associated with resistance 

to anti-EGFR drugs154. Interestingly, one of the most common characteristics 

in the AOM induced CRC animal model are mutations in the KRAS gene, 

which evolve into aberrant crypt foci and later on, adenocarcinoma155. This is 

a simple explanation of the failure of these two treatments on our study. 

Anti-VEGFR treatments tested produced both necrosis and tumor size 

reduction, although aflibercept was clearly more efficient than bevacizumab. 

Aflibercept binds to different molecules activating VEGFR (VEGF-A, -B and 

placental growth factor) whereas bevacizumab only binds to VEGF-A. 

Aflibercept has proven more efficient than bevacizumab before, in patient 

derived xenograft models of CRC156.  

We have confirmed the feasibility of intratumoral injection of Covergel-Tribio 

loaded with antitumoral drugs as an efficient way to produce tumor size 

reduction and necrosis. This opens the possibility to administer drugs during 

endoscopic procedures, reduce the systemic exposure to these harmful drugs 

and improve patient’s quality of life. Nevertheless, this technique needs to be 

further studied and improved before being able to be done in humans. This 

study as a proof of concept has proven successful but clear limitations such as 

animal model, drugs used, and low number of animals are present and need to 

be addressed. 
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1. Covergel is a novel biocompatible and bioadhesive hydrogel capable of 

being administered endoscopically throughout the digestive system, that 

presents the following properties: 

- A well-defined microstructure of a super-porous type hydrogel, 

showing the ability to absorb and liberate molecules. 

- Suitable viscosity and thermoreversible properties permitting 

mucoadhesion when in contact with tissue.  

- Irreversible gelation can be acquired with the addition of a 

photoinitiator and the exposure to UV light. 

- Resistance to colonic bacterial degradation and broad pH values. 

 

2. Covergel-Bibio is able to prevent deep thermal injury when resection 

techniques are performed. 

- Endoscopic shielding technique with Covergel-Bibio is effective 

promoting physiological wound healing of eschars after 

endoscopic resection techniques and prevent adverse events 

(perforation and bleeding).  

- Covergel-Bibio when used as a submucosal injection solution 

shows long-term protective effects such as high trans-epithelial 

resistivity, high thermal protection and low cushion decrease. 

 

3. Covergel-Tribio as a drug-delivery platform shows clinical efficacy in CRC 

and EC animal models. 

- Intratumoral injection of Covergel-Tribio with Aflibercept is a 

feasible technique to treat colorectal cancer lesions in a preclinical 

model of Azoxymethane induced colorectal cancer.  

- Endoscopic shielding technique using Covergel-Tribio with 

Infliximab or Vedolizumab is able to improve the outcome of 

colonic inflammation in an animal model of experimental colitis.  
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- The lower dose of drugs used in Covergel-Tribio is useful in 

reducing the formation of anti-drug antibodies while resolving 

the disease in a similar fashion as the standard way of treatment. 

 

4. Covergel, with all its possible modifications, has proven effective in 

solving some of the unmet needs of endoscopy, while also providing some 

new therapeutic tools such as direct drug administration. 
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Our results have open and stablished a new research strategy within the 

endoscopy unit in the Health Research Institute Germans Trias i Pujol. 

Having obtained promising results in the improvement of resection 

techniques when using Covergel-Bibio, we aim to start clinical studies with 

Covergel-Bibio as a submucosal injection solution and as a coverage agent in 

endoscopic shielding technique after routine EMR. Two patents have been 

developed out of this project: PCT/EP2016/053928 (Covergel-Bibio) which 

has entered national phases in 08/2017 and PCT/EP2017/068876 

(Covergerl-Tribio) which has entered national phases in 01/2019. 

There are still some complications endoscopy fails to address, such as 

strictures. This is why we also aim to apply for another Spanish government 

project to continue with this research strategy, prototyping stents produced 

with our hydrogel by irreversible gelation, or recovered on it, in order to treat 

malignant stenosis produced in the colon. The introduction of living cells 

inside our hydrogel is also another goal for us to increase mucosal healing in 

large mucosal defects. Being able to apply cell therapy though endoscopy and 

better address mucosal defects could increase the limited size lesion 

manageable nowadays. 

This project also offers us great opportunities in collaboration with other 

research facilities. Covergel project was awarded with the 1st prize in the 

FIPSE-MIT Innovation Program 2018 and CaixaImpulse 2018. This great 

recognition will give us the access to work with international groups leading 

the field of medical devices and hydrogels. 
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