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Abstract 

Management of inflammatory bowel disease, including Crohn' s disease, remains 

unsatisfkctory despite currently available immunomodulatory and anti-Mammatory 

therapies. Regulation of the epithelial barrier of the gastroint&al tract may provide a 

direct route for therapeutic intervention either preventing or ameliorating i n f l d o n .  

The single cell thick epithelium lining the gastrointestinal tract provides a barrier to the 

entrance of non-desirable luminal contents such as bacteria, while dowing for the 

absorption of nutrients, ions and fluids. Disruption of this epithelial barrier occurs in 

inflammato~ conditions such as parasitic or bacterial infections and in chronic 

idammatory boweI disease. 

The gastrointestinal epithelium is maintained through the actions of numerous 

, mitogenic and cytokine peptides. Alterations in the mitotic index or in the rate of 

migration of cells dong the crypt-villus axis may result fiom changes in the interstitial 

endocrine or cytokine milleu due to M i D o n  or infIamrnation. GIucagon-like peptide 2 

(GLP-2) has been shown to be a significant and specific mitogen for the epithefia ofthe 

gastrointestinal tract. Recent development of a non-degradeabIe d o g  of GLP-2* ALX- 

0600 has precipitated imrestigati'on into the benefits ofAIX-0600 therapy in models of 
, -I___ . -- * - --.. - - - ,----. 

gastroihT&ai inflammation in~1~di. i .g radiation, chemotherapy and dactran mbte 

induced enteritisS This thesis reports on the eff'ects of ALX-0600 pretreatment on an 
- - 

acute mode1 ofiIeitis in the guinea pig, and on experiments aimed at developing a 

r -8 model ofileitis. Further to these imrdgatiom, we report a seasoxiidiatiation 
- 

in the dwelbpment of TNBS iIeitis. AWC-0600 pretreatment and therapy was rlso tested 

in an alternative model ofinaammatory bowel diseas~ i n d o m ~ i n d u c e d  enteritis-- 



An acute ileitis was deveIoped following the intraIu& injection of TNBS in 

ethanol; increased small intestinal penneabiity and severe macroscopic damage 

characterized d i i e -  AfX-0600 pretreatment had no effect upon the development or 

progress ofTNBS induced ileitis in the guinea pig, and did not appear to demonstrate its 

nonnd mitogentic e E i  upon the epithelium, ALX-0600 therapy in this model of ileitis - - 

does not suggest a use in the treatment or prevention ofcrohn's disease. Reactivation of 

ileitis was not reproducible despite extensive investigation and therefore testing of the 

effects of AWC-0600 on reactivating ileitis was not carried out. Seasonal variations in the 

development of TNBS ileitis have not previously been reported Our investigations 

indicate a distinct circannual rhythm whereby ileitis was not produced during the summer 

months but was clearly observable during other seasons. This distinct seasonal variation, 

in combination with the prolonged time course of each experiment may be cause for 

caution in employing this model in subseqyent investigations. 

Indomethacin-induced enteritis in the rat is another common model of Crohn's 

disease, which was employed in investigation ofALX-0600 as a treatment for 

innammatory boweI disease. Pretreatment of rati with ALX-0600 for one week was 

protective against the damage induced through two daily injections of indomethacin, wide 
* 

administration - A - -.. of=-0600 beginning concurrently with - .- the indometbin - .  was able to 
-.. - - - --C---.-. 

accelerate the heaIing ofthe enteritis. The overall increase in s d  intestid permeability, 

a marker of damage, seen in the indomethacin controls, was not present in either treatment 

group. Grdocyte i&hation was reduced in the pretreated animals seven days 

fo~owi~g indometha& ~ourt&n days foUowing induction of-s therewas 

sigdicantiy less graau10cyte iditdon in both the pretreatment and concurrent treatment 



groups. Macroscopic damage was sign8candy reduced compared with the indomethacin 

euntrols in the pretreatment but not the concurrent treatment group; however, fourteen 

days following the induction of enteritis both the groups receiving m0600 had 

significantly less macroscopic damage than did the indomethacin control gmup. Animals 

receiving only ALX-0600 and indomethacin vehicle demonstrated the previously 

documented effects ofax-0600 including increased villus length. They also 

demonstrated a signiticant, and previousIy undocumented in vivo decrease in permeability 

compared with controls. AWC-0600 is an effective treatment in this model of 

inflammato& bowel disease and the decrease in permeability in the control group may 

indicate a method of preventing the development of IBD or relapse in patients with 

remissive IBD where increased permeability is supposed to be a predisposing factor. 

The difference bemeen these two models lies in both the system and the type of 

disease initiated. TNBS ileitis in the guinea pig is initiated through an immune reaction to 

a non-sew epitope created when TNBS absorbs to lysine residues on the surfhce of 

interstitial cells. Indomethadn enteriti*~ results Eom a direct cytotoxic effect upon the 

epithelia1 cells, particularly in the crypt. initiates an inflammatory reaction due to 
* 

tissue necrosis and the atration of IuminaI contents to the interstitial space. The inability 
. --- - - *  .- - .- -. . - - -----.- 

ofALX-0600 to affect the course or development of TNBS iIeiiis may be due to the 

inability ofthe hormone andog to a&ct the anaphylaxis that hitktes the disease. TNBS 

ileitis is a Merit disease therefore increasing the healing rate ofthe epithelia by 

increasing & mitotic-index not have detectabIe effects- Indomethach induced 

e n t d  is the d t  ofcytotorbrity a d  the iabriition of other mitogens such as P a  and 

epidermal growth &or 0: The effects of AlX4l600 may have been the result of - 



replacing PG& and epidermal growth factor and thereby increasing the healing rate ofthe 

enteritis. Treatment of human Mammatory bowel disease with ALX-0600 may be 

marghaNy beneficial as some ofthe damage is thought to r d t  &om disregtdation of the 

gastrointestinal epithelia Investigation ofthe effects of ALX-0600 on other models of 

inflammatory bowel disease and clarification of the underlying-=use ofIBD will aid in the 

development ofthis or other therapies. 
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Crohn's disease was descriied as early as 1612 by Hildenus and often described as 

an 'untreatable abdominal turnof. Reports continue to descnie details of pathological and 

histoIogid fatures during the next 300 years although an i n a d  number of cases were 

documented in the 1900s. It was one of the many conditions induded in the general 

diagnosis ofc%loody fl& and was characterized by diarrhea, fever and weight loss. 

Pathological involvement of the ileum or ileal-cecal valve was common (1). It was 

identified through the publication of a widely read article in the Joumaf ofthe American 

Medical Association in 1932 by Crohn, Ginzburg and Oppenheimer (2). Crohn's disease 

is one of two recognized members of the idammatory bowel diseases, the other being 

ulcerative colitis. While Crohn's disease can affect any portion ofthe gastrointestixd tract 

from the mouth through to the anus, ulcerative colitis affects ody the colon and rectum. 

The innammation seen in Crohn's disease is transmural and patchy in appearance while 

ulcemtivk co~it is affects the epithelial layer ofthe colonic rnucosa in a continuos manner. 

(1) Today numerous factors are considered to contribute to the etioIogy of idammatory 

boweI disease. Infectious agents, especidy members of the Mycokc?erim m y ,  have 

been proposed to be the causative agent in Crohn' s disease; however, no bacterium has 

ever been com*stendy cultured fiom the IuminaI aspirates ofpatients with active disease. 

(3,4) W e  the case ofH.pylon' cautions invest&ators against quick judgement in this 

matter, other fsaon present a more Iikeiy scenario (5). Genetic predisposition, in either 

an immunoIogical or epithelial regulation factor, is strongly suggested to be a major 



component in the development ofthe disease. Environmental fhctors such as dietary 

components, chemical contaminants, psychoIogical stress and even hygiene have also been 

implicated in disease etiology (6'). The lumiaal environment is a crucial component in 

disease as patients who undergo diverting ileostomy experience remission of the disease 

present distd to the diversion, but recurrence soon after the fecal stream is restored (7). 

Furthermore, animals such as the interleukin-10 knock-out mice that develop spontaneous 

colitis do not develop disease when raised in a germ-free environment (8). The most 

commonly held hypothesis remains that disease results fiom an abnormal immunological 

reaction to a normally present luminal antigen. (6) The mechanism of this reaction 

remains a source of controversy. 

Crohn's disease is thought to be an abnormal immune response to a nonnally 

present IuminaI component that upon presentation to the mucosal immune system initiates 

an inaammation which becomes chronic due to disregulation ofthe immune response. 

Presentation ofthe Iuminal component, be it bacterial or virus derived or dietary, involves 

presentation of the antigen to the immune celIs in the lamina propria Normdy, Iuminal 

antigens are taken up through the M cells in the Peyer's patches and presented to T cells 

in a manner shnilar to what is &en in the thymus during development, such that tolerance 

is initiated to the antigen, similar to the recognition of selfversus non-self There is also 

some evidence that Iuminal antigen may be taken up by epithelial c d s  and presented to 

CD8+ TceIls (suppressor T cells) or in the absence ofco-stirnulatory moIecuIes to CD4t 

Tcells, resulting in an anergic response, ie toIerance (9). In active Mammatory bowe1 

disease, tolerance is abrogated to normally present I t m i d  contents (lo). This implies 

that antigen is being absorbed into the lamina propria through the pamcelIdar space 



between cells. This theory is supported by the study by Yacyshyn and Meddings who 

demonstrated, in unaffected relatives of Ccohn's patients, that increased intestinal 

permeability is associated with increased levels of CD45.0, a marker of antigenic 

stimulation on B cells. (1 I) Parace1luIa.r permeability is a hnction of the tight junction, 

which &sts between the epithelial cells, and is regdated by the actin-myosin ring that 

exists below the microvilli on the apical surfact ofthe cells (12). Tight junctional 

morphology has been shown to be abnormal in non-innamed areas ofthe gastrointestinal 

tract in patients with Crohn's where the tight junctional strands appeared fkagmented and 

irreguIarly clistributed (13, 14). The passage of rnoIecules through the parace11dIar space 

is referred to as permeability (15). In vfvo permeability may be assessed using non- 

metabolized sugars such as mannitoI, lactulose and s u d o s e  (16) or molecules such as 

PEG 400 (17) or &I-EDTA (18). Markers are excreted in the urine over periods of six 

to twenty-four hours and quantified to assess intestinal permeability (19). Patients with 

inflammatory baweI disease demonstrate increased permeability to most markers during 

active disease. Active inflammation can exacerbate permeability defects as the infiitration 

of granufoctyes destroys tight junctions (20) and the expression of tumor necrosis factor 
8 

alpha mu) and interferon gamma decrease the viability of colonic epitheiiai ceUs (21). 

Patients also demonstrate increasing permeability prior to relapse (22), and to proteins in 

non-inflammed areas ofthe ileum (23). A subset ofpatient family members, 

approximately lo%, demonstrate increased permeability in the absence ofclinical disease, 

the same proportion as would be expected to develop the disease (24,25). Use ofnon- 

steroidaI anti-idammatory drugs (NSAIDS)  is known to cause an increase in intestid 

permeability and patients with inflammatory bowel disease respond poody to NSAIDS, 



often experiencing relapse after use. Normal M y  members have been shown to respond 

with abnormal increases in permeability in response to NSAIDs. (2427) A b n o d  

permeability is considered by most experts to be one of the key fadors in both the 

development and progress ofcrohn's disease. There an no current methods ofmodaying 

permeability in vivo, therefore, avoidance of substances and circumstances known to 

exacerbate permeability is the current therapeutic advice to patients. (28) 

Disease management currently consists of anti-inflammatory and anti-microbial 

therapies, which may induce remission for a period of time. Relapse is common and 

provides a wntinuous challenge to both patients and the medical care community. Factors 

which may precipitate relapse include psychological stress (29), use of non-steroidal anti- 

inflammatory drugs or i n f i o n  in another region of the body, typically respiratory 

infecfi*ons. A common therapeutic drug misoprostoI, attenuates an increase in permeability 

in an experimental model (30). Wbile current therapies have focused upon relief of the 

patient's symptoms, and removal of the affected portions ofthe gut in extreme 

cases, new immunomodulatory therapies are attempting to alter the course of the disease 

by treating one of the presumed undertying causes ofthe disease, immune deregulation In 

this new treatment protocol &-tumor necrosis factor or is ('I3E-a) used to control 

inflammation by interrupting the recruitment of neutrophils and activation of inflammatory 

mediators, thereby lessening the immune reaction and down-regdating the intlammation 

(3 1). The deveIopment and testing oftherapies for i d l ~ o r y  bowel disease and 

imrestigation of the underiying def- in the development and p r o m  of IBD has led to 

the development ofmany models of-tory bowd disease based upon 

immunolopical or cytotoxic mechm*sms. 



1.2 Models of Inflammaton Bowel Disusq - 

Models of inflammatory bowel disease mimic human disease in that they develop 

inflammation in portions ofthe gastrointestinal tract in response to either diredy toxic 

compounds or immune challenge or disregulation Mice given dextran-suIfate ordy 

develop a m s e  colitis which resemble idammatory bowel disease (32). Administration 

ofindometdacin results in severe small intestinal injury in rats through direct cytotoxic 

destruction of the crypt cells (33). Both result in erosion and ulceration and demonstrate 

increased intestinal permeability. Immune challenge through direct injection of bacterial 

derivatives peptidoglycan-polysaccharide to the lamina propria results in an inflammatory 

response which resembIes Crohn's disease (34). Disruption of the barrier using a 

compound such as ethano1 allows interstitid labeling of cell sudiaces with haptens such as 

trinitrobenzene sulfonic acid which results in an immune response which also resembIes 

infIamrnatory bowel disease, demonstrating increased permeability, afterations in mucosd 

morphology, uIceration and in&natory celI idux (35). Moleafar biology has allowed 

the development of models of inflammatory bowel disease, which r d t  spontaneously 

from disregdation ofthe immune system. IL-10 knock-out mice develop a severe dEtse 

coMs within I0 weeks of birth- (8) There is only one spontaneous model ofinflammatory 

bowei disease that does not require moIecuIar alterationsOS Cotton-top tarnah kept m 

captivity develop a spontaneous form of intestid enteritis (36). None ofthe modeIs 

completely mimic human disease and afI have the disadvantage of being primariIy acute 



models, which do not undergo spontaneous relapse. However, &they do allow the 

investigation of either the underlying causes of inflammatory bowel disease, or preliminary 

assessment of therapeutic options. 



CbrDtuf 

Regulation otlatestinal Epithdiil Cdl Prolifitntion and Integrity 

The intestinal epithelid barrier is mahtahed through the actions of numerous 

growth factors including gastrin, growth hormone, and members of the epidermal growth 

f a o r  superfiunily. Because the development of Crohn's disease is proposed to include a 

disruption of the epithelial barrier, research into epitheiial regulation in the small intestine 

has been intensifying in recent years. Also, the use ofexogenous growth facton to 

attenuate the damage during active disease may provide a therapeutic intervention for 

patients who relapse. The life cycle of intestinal epithelial cells is brief Cells are 

produced @om progenitor ceUs in the crypt. They differentiate as they migrate along the 

crypt-vilIus axis, becoming specialized cells for the absorption of nutrients and are shed 

following apoptosis at the villus tip. Th*s process, in humans, takes three days. While the 

production and migration of cells dong the crypt-villus axis has been observed many times 

through BrDU Iabeling, the factors which *nfluence the mitotic index for crypt progenitor 

cells is less well understood. 

Members of the epidermal growth factor superfjlmily are important in the 

regulation ofthe gastrointestha mucosa Epidermal growth factor is secreted fiom many 

sources in the gastrointestinal tract including salivary and Brunneis glands. It acts 

through a g protein receptor to activate protein kinase C and elicits cellular responses, 

including proWeratioa Admhktmtion of recombinant human EGF to rats for four weeks 

induces a marked increase in muwsal mass in the s m d  intestine (37) and dong with TGF- 

a, which acts through the EGF receptor (EGFR) stimulates crypt cell proliferation (38). 

Disruption of the EGFR disrupts the morphoIogy ofthe d intestine as the enterocyte 



proliferative rate decreases resulting in fewer and shorter villi (39). Epidermal growth 

factor protects the gastric mucosa from damage due to numerous injurious substances (40, 

41) and is integraI to the maintenance of s m d  intesthal mucosal integrity (42). 

SiaIoadenectomy dmeases lurninal EGF and is associated with increased levels of 

intestinal permeability to Cr "- EDTq an e f f i  that wss reversiile by EGF 

supplementation. Lower levels of EGF in seliv~ry secretions have been found in patients 

with Crohn'sdisease (43) suggesting a defect in either the regulation of mucosd integrity 

or a defect in mucosal repair. Treatment of intestinal inflammation with EGF has not been 

extensively*investrFgated at this time, although there are some reports of therapy with EGF 

in children with necrotising enteritis (44) and congenital rnicrovillus atrophy (45,46). 

Procaccino did not find that EGF was usefi1 in the therapy of colitis in rats, however, it 

has been shown to be trophic for parented nutrient induced atrophy when administered in 

combination with protease inluiitors (47). During wound healing and re-epithelization, 

the uptake ofEGF is increased and is associated with increased proliferative rates in the 

associated tissues (48) and is elevated in the tissues surrounding healing gastric ulcers 

(40). There is some suggestion that EGF does not act alone in increasing the proliferative 

rate o f  enterocytes. ~uncan et 'al demonstrated that EGF acts as a competence fBctor for 

insulin-like growth fkctor I (a member ofthe EGF superfamiy) by promoting the 

transition from Go to GL. The two growth fkctors acted synergystically to promote 

proWeration (49). 

Indin-like growth factor I QGF-I) also mediates the effects ofgrowth hormone 

on the gut (50,SI). Growth hormone StimuIates growth o f d  sofk organs and over- 

expression is chically associated with acromegaly, however, in experimentaI situations 



where growth hormone was associated with increased mucosal mass, or healing of 

enteritis, increases in IGF-I were demonstrated (52,53). 1-1 transgene expression in 

mice increased both small bowel weights due to increased mucod d c e  area and s d  

bowel length (54); a similar effect was demonstrated through exogenous administration of 

IGF-I (55). Evaluation ofIGF-I m mucosal injury has been limited, however, it has been 

suggested that it improves healing ofthe intestinal mucosa &om radiation induced damage 

in rats (56). Members of the epidermal growth factor superfdy are clearly important in 

the of the intestinal bm*er, being protective against the damaging e f f i  of 

cytotoxic agents and augmenting the healing of wounds. Therapeutic use of these growth 

factors, EGF, TGF-a, or IGF-I, requires specificity for the crypt progenitor cells of the 

gastrointestinal tract. EGF and TGFa and IGF- I are pluripotent mitogens, which limit 

their therapeutic potential in Crohn's disease. 

Gastrin is a well-recognized hormone in the gastrointestinal tract. It acts primarily 

as a stimulant o gastric acid secretion but also functions as a mitogen for the oxyntic 

mucosa ofthe stomach (57) which is produced in response to feeding- It has also been 

shown to be trophic for the colon (58,59) and the esophagus (60). There are no reports 

oftrophic effects for gastrin in the smd& intestine however, the effects ofgastrin may be 

mediated through a member ofthe epithelia( growth factor superEiunily member, heparin 

binding epidermal growth factor-like growth hctor @B-EGF), the expression ofwhich is 

induced by gastrin. (61) The proIiferative effects of gastrin on the stomach 

e n t e r o c h r o ~  cells can be completely bIocked by blocking the e p i d e d  growth &or 

receptor @a). This suggests that gastrin is causing proIiferation of d s  indlrectIy 

through interaction with members of the e p i d d  growth &or supafamiy- Therapeutic 



use of gastrin for the treatment of IBD is not realistic given that it causes the secretion of 

gastric acid, however, interaction between the sigaaliag mechanisms for other mitogens 

and the stimuli for gastrin make it a audd component in monitoring the effects of 

growth hormone therapy in the gastrointestinal tract. 

Keratinocyte growth fkctor is an epidermal growth &or expressed by 

mesenchymal cells, which plays a significant role in re-epithelization in the dermis. It is 

highSy over-expressed in idammatory bowel disease, particularly ulcerative colitis end 

around the base of mucosaI crypts in Crohn's ileitis (62,63). KGF is distributed similarly 

to the T lyr;phocytes in the tissue and the receptor is localized to the crypt epithelial cells 

(64). Both its distniution and overexpression during active Mammatory bowel disease 

implicate it in the regulation of the intestinal epithelial response to inflammation and 

therefore, it has been a subject of investigation for therapy in IBD. It is protective 

against both chemotherapy and radiation induced enteritis in mice (65) and TNBS induced 

colitis in rats (66) and dextran d a t e  sodium induced colitis in mice (67.68). However, it 

is not protective against indomethacin induced enteritis in rats (69). There is some 

preliminary evidence that KG' upregulates the expression ofTGFa during immune 
1 

mediated cell proliferation (70) which may suggest interaction of KGF with members of 

the epithelia1 growth kctor superfidyY 

Mammation in the gut is closely associated with proIiferation ofthe aypt 

progenitor ells and is mediated through the mechanisms described above. Cytokines 

r e I d  during the idammatory process are also Huential in the regulation ofthe 

epithelial barrier. For exampIe, TGF-p is &Mory to the prolifdon ofenterocytes and 

is upregulated during infIammatior1, InterIedch 11 and 3 stimulate crypt cell production 



rate and IL-1 L inhiiits apoptosis in villus tip ceUs. (71f8). InterIeukh 15 has also been 

shown to stimulate i n t d  epithelial cells in culture (38). C l d y  the normal regulation 

ofthe epithelia barrier is affected by the presence ofwounds or inflammation and m y  be 

altered through endocrine, immune-mediated or neuroendocrine pathways. The specificity 

of the pathways remains the most significant problem in the thapeutic use of growth 

actors or cytokines in the management ofinnammaoty bowel disease. With the possible 

exception of IGF-I, dl the Won described above are pluripotent and systemic 

administration will have significant side effects. 



Chanter 3 

Glucagon-liLe Peptide 2 

Enteroglucagon was identified in 196L when antisera against pancreatic glucagon 

were shown to react against intestinal endocrine cells (72). Ova time it was determined 

that although this peptide was chemically distinct from that produced in the pancreas, it 

resulted fiorn the same gene through a process of differential processing (73). In the 

pancreatic A cell, glucagon is the major product after processing by PC2 whereas in the 

s m d  intesthe, giicentin, oxyntomodulin, glucagon-like peptide 1 (GLP-1) and glucagon- 

Wce peptide 2 (GLP-2) are produced in the L cell (74,75,76). GLP-1 was quickly 

determined to be glucoregufatory and to have a role in the ileal brake mechanism (77). A 

role for GLP-2 was not elucidated until I996 when it was observed that nude mice with 

GLP-2 producing tumors demonstrated crypt cell proliferation resuiting in d u s  growth 

and increased bowel weight (78). 

GLP-2 was shown to increase villus height through stimulation of crypt progenitor 

cell proKeration and of apoptosis in the villus tip ceUs (79). Both newtensin 

and GRP stimdate the release df proglucagon derived peptides, inciuding GLP-2 and the 

bendcial effects of exogenous neurotensin for short boweI rats are iikely mediated by 

GLP-2 (80,8 1). GLP-2's effects are detectabIe within four days and are continue for the 

duration of GLP-2 admhistratioq however, after discontinuation the villus morphoIogy 

returns to no& (82). The srnalI intestine functions nonnalty folowing stimulation by 

GLP-2 however GLP-2 can upregulate both the expression of sodium dependent gIuwse 

transporter I (SGLT-I) (83) and basolateraI glucose transporter 2 (CiLXITZ) d v i i y  (84). 



JJ KoIst's group elucidated a &her rote for GLP-2 in the ileal brake mecha~u*am when 

they demonstrated that GLP-2 inhriits antraI motility (85). ClearIy GLP-2 was an 

important hormone in gastrointestinal physiology, both in tenas of epithelial regulation but 

also for the normal regulation of nutrient absorption. Investigations ofthe use of GLP-2 

in therapy for intestinal disorders began in 1997 when C k c e  et a2 (86) showed that GLP- 

2 was protective against parented nutrition-induced gut hypoplasia Measurement of the 

circadating levels ofGLP-2 led to the discovery that GLP-2 is rapidly broken down in the 

rat and human by the e v e  dipeptidyl peptidase N (87). Development by Allelbc 

Biopharmaceutical Inc., of Mississauga, of a non-degradable fimctional analog of GLP-2, 

ALX-0600, aided in the investigation of its function and possible uses in the treatment of 

intestinal disorders. 

In 1999 Drucker's lab continued to demonstrate the u s a e s s  ofGLP-2 using the 

ALX.-0600 analog to reduce the damage caused by dmtraa sulfate in the colon of the rat 

(88). Further investigation into the mechanisms of GLP-2 knction and possible therapies 

demanded the identification of the GLP-2 receptor. AUeIix Biopharmaceutids Inc 

accomplished this in 1999 when they demonstrated that GLP-2 receptors are present in 

decreasing concentrations fiom h e  jejunum through colon and not in other tissues. They 

aIso demonstrate that the GLP-2 receptor (GLP-2R) is a member of the g protein 

superfamily that transduces the signal through adenylyl cycydase thereby increasing the 

intraceIIutar CAMP IeveIs (89). As previously mentioned, PGDP (proglucagon derived 

peptides) Ievds are increased by the hormones GRP and neurotensia GLP-2 levels are 

also mediated through the ingestion of n&ents in hum- approprintely for t&eir rol= in 

regulation of absorption Consumption of carbohydrates and fkt but not protein induced 



an increase in circulating N-terminal i m m u n o ~ e  GLF-2 in n o d  Wed humans (90). 

Identification ofthe cell types which have GLP-2 receptors will aid in elucidating the 

mechanisms of GZIP-2 action upon the intestine, but identification ofthe receptor within 

the small intestine implies possible therapeutic use for i d m t i o n ,  Crohn's 

disease, which primarily affects the ileum, may be a good candidate for GtP-2 therapy. 



Chanter Four 

Methods 

Animd Mode4 

Mde aartley guinea pigs were obtained fiom Charies River Laboratories and group 

housed ( 3 4  per bin) and allowed a minimum oftwo weeks to acclimatize. They were fed 

standard rabbiit chow, supplemented daily with Eesh m o t s  and lettuce. They had fke 

access to water which was supplemented daily with vitamin C. The guinea pigs were 

housed under standard 12-hour lighting intervals. During f d g  they remained in their 

regular cagks; however, for urine collection they were individually housed in metabolic 

caging where they had fiee access to water (with vitamin C supplements) but no access to 

food. 

Male Wistar rats were obtained fiom Charles River Laboratories and individually 

housed in metabolic caging. They were dowed a minimum oftwo weeks to acclimatize. 

Rats had fiee access to standard rodent chow and water and were housed under 12-how 

lighting intervals. During periods of fasting and urine wiledon they had free access to 

water. Prior to urine collection, the hoppers were changed to prevent any contambation 

with food particIes. 

All practices fonowed Canadian guidelines and were approved by the local animal 

care committee. 

AnimaI Model: llTYBS 

Mde M e y  guinea pigs, 250-3OOg wera anaesthebd wit6 halohe at 3.5 parts per 

Iitre, oxygen at I Umin The animals were placed upon a heatmg pad set on Iow beneath 



an absorbent bench pad to maintain body temperature- The abdomen was shaved, cleaned 

with isopropanol and swabbed with betadine- A midline incision was made using a 

number 10 &pel blade and the i l e a l a d  junction located and extemelized. Ileum was 

exterdized to a minimum of 15 cm proximal to the junction and 0.5 ml of TNBS in 

ethanoI was injected with a tuberdin syringe (27 gauge nede) into the lumen. TNBS 

was administered in a dose of 20 mg per animal or at a dose of 60 mglkg. Ethanol 

concentration was 15% in the initial experiment aod was reduced to 10% for all 

subsequent experiments. AN concentrations are indicated in each result. The intestine was 

returned to ihe perotineal cavity and moistened with an intraperoheal infUsion of stede 

saline (0.9 %). Garamycin (0. I mI of a 1% solution) was administered intraperotineally. 

The muscle layer was closed with number 3 vicryl. The skin was closed with a number 3 

silk. The abdomen was swabbed with soapy water and the guinea pig placed upon a 

heating pad set at low for recovery. Animals were returned to normal housing within four 

hours of surgery, during which time they were observed and had free access to water. The 

following day, the guinea pigs were checked for hemi-ation or other surgery related 

problems, and correcthe measures taken when necessary. 

Animal Model: Indomtthacin 

Male Wistar rats* 200-225s were given 7.5 mg/kg indomethacin in 5% sodium 

bicarbonate. This was administered by subcutaneous mjection with a tuberculin syringe 

and was done twice at a twenty-our hour i n t d  



GLP-2 Administration 

GLP-2 was administered in the form of the active, non-degradable analog (GLWGLP-2 

othemise and hereafter known as ALX-0600. A dose ofO.1pgkg in a 50 pg/d PBS 

solution was administered twice a day through subcutaneous injection with a tuberculin 

syringe with a 27 gauge needle. This dose was shown to be the most effective. (Melix 

Biop harrnaceuticals, unpub tished data, 82) 

Permeability Probe 

Guinea pigs'were administered 1000 mg sucrose, 120mg Iactulose, 80mg mannitot and 60 

mg sucralose dissolved in ddH20. The solution was administered odIy through an 18 

gauge, three inch ball nosed needle on a 3 cc syringe. Rats were administered 500 mg 

sucrose, 120 mg Iactulose, 80 mg mannitol, 60 mg sucralose and 50 mg D-xylose 

dissolved in d-. Solution was administered by intragastric gavage using a 18 gauge, 

three inch ball nosed neede on a 3cc syringe. 

PermeabiliQ 

Permeability was assessed twi~e'~rior to the induction of innammation (days -6 and -3), 

and every three days thereafter for fourteen days. Anirnads were Wed for four hours 

prior to the administration of the probe. Urine was collected for a period of 18 to 20 

hours during which time the anidanimals were Med but had fiee access to water- Urine 

samples were fiozen (-20 OC) mtiI processing for XPLC. Samples for the quantilication 

of sucrose, Iadose  and marmito1 were mixed with deionizing resin (1.5 of 400 : 1 of I20 

Amberbe) and spun at 11,000 rmp for I0 minutes- Tbree mWkres ofdeionized rrrine 



was the passed through a syringe filter (pon size 45 pm). The urine was diIuted 12 , 

cellubiose added as an internal control and the sample passed over a Dionar MA-ion 

exchange column, eluting with sodium hydroxide at a flow rate of -4 dmin.  Peaks were 

detected using pulsed ampemmetric detection and d y z e d  for peak area. For the 

quantification of sucralose, the urine samples wen filtered, diluted appropriately and 

phenyl-pa-thiogaiactoside added as an internal control Samples were passed over a 

Dionex Inopac NS 1 column, eluting with acetonitde/water at 1 d m i a  with acetonitde 

content increasing fiom 0% to 20% during the mn Peaks were determined and analyzed 

for peak ark (16). D-Mose was quantified in the urine using a standard colowimetric 

assay with analysis by spectrophotometry. Fractional excretions of all sugars are 

catdated and small intestinal permdm assessed as the ratio of laaulose to m d t o l  

exaet ed. 

hlacrosco~ic Assessment of Damage 

Rats and guinea pigs were anaesthetized with halothane (5 parts per litre, 1 Umin oxygen) 

and sacrificed by cervical dislocation. The mall intestine was removed fkom the ligament 

of Trek to the i I e a l d  junction The intestine was measured for Iength teasion, 

opened along the anti-rnesenteric border and washed with icccoId sahe to remove 

Iuminal contents. The width ofthe intestine and pnsence ofuIcers andlor inaammatory 

changes (erosions, obvious edema) were assessed using the scale shown in Table I. 

Planimetry was performed to assess the area of damage using a 1 mm grid- 



Table 1 Macroscopic Damage Score 

Mvelo~eroxidast Assav 

Myeloperoxidase assay was performed using standard techniques on one centimeter of 

proximal jejunum taken from within areas of inflammation but not ulceration when damage 

was apparent or I0 cm distal to the ligament of Treitz when damage was not observed. In 

brief, tissue was removed, weighed, and placed in eppendorftubes on dry ice. Samples 

were stored at -80 O C umiI asky was pe~onned, a period not longer than one week 

Samples were homogenized in 0.5 ml of HTAE3. Protein content was assayed and the 

remaining homogenete diluted to 50 mg protein to 1 ml of HTAB. One mI of solution 

was centrifuged at 100,000 rpm for two minutes at 4 O C. Seven pl of supernatant was 

pipteted into a 96 web microtitre plate. each sample was analyzed 5 theses 200 jd ofo- 

dianisidine solution was added and the opticat d e d y  ofthe solution assessed using a 



plate reader. Optical density was converted to units ofmyeloperoxidase per mg tissue 

(91)- 

Protein Assav 

The intestine was opened along the anti-mesenteric border, and flushed with ice cold 

saline. Glass slides were used to scrape tissue mucosa from 10 ofproximal jejunum, 

weighed and suspended in ice-cold 25 mM EDTA in a ratio of 1 g tissue to 10 ml of 

EDTA. Tissue was homogenized and fiozen at -80°C for a maximum of three months 

prior to assay* Samples were diluted 11100 with 25 mM EDTk and assayed using the 

commercially availabIe BioRad Protein Assay kit. Samples were analyzed for optical 

density at 600 nrn and protein content was determined. 

DNA Assay 

Tissue mucosa was scraped fiom 10 cm of proximd jejunum, weighed and suspended in 

25 mM EDTA in a ratio of 1 g mucosa to 10 mI EDTA Tissue was homogenLed and 30 

pf of homogenate dropped onto the bottom of a I3x 100 glass, siliconized test tube. 

Samples and standards (Imglml calf senun DNA), in duplicate were dried at 60°C 
s 

overnight. DABA was added (0.1m.l) and the tubes incubated at 37OC for 60 minutes, 3 d  

of IN hydrochloric acid was added and the percent fluorescence measured using a 

Sncrase Assat 

Mucosa was scraped fiorn 10 cm of proxiid jejunum and suspended in 25mM ice cold 

EDTA in a ratio of 1 g tissue to 10 d EDTA SampIes were homogenized and stored at - 
80°C for not Ionger than three months. SampIes were deftosted and diluted IIIOO with 



EDTA and 10 pi was placed in quadruplicate on the bottom of 16 x 100 siliconized glass 

test tubes. Blank tubes (duplicates) were placed in boiling water for two minutes. Three 

ml ofa solution of TG0 (-3 ml glucose oxidase, .5 mg peroxidase, -5 ml o-dianisidine, 1 

ml Triton X-100 (10 rnI in 40 d95% ethanol). Tris-HCI b&er (pH 7.0) to 100 ml) 

reagent was then added and the tubes were incubated at 37OC for 30 min. followed 

immediately by two min. in boiling water- Samples were analyzed by spectrophotometq 

at 420nm. The optical density was converted to units of suaase activity per cm oftissue 

(93)- 

Histolonical Examinations 

Tissue samples were taken fiorn proximal jebnum in areas of apparent tissue damage but 

not ulceration, or 12 cm distal to the ligament of Treitz in the rats. In the guinea pigs, 

samples were taken fiorn the distal ileum Samples were fixed in 10% focmalin for at 

least 48 hours, and mounted in paraffin blocks using standard techniques. The samples 

were cut to 7 prn thickness on a microtome, affixed to slides and stained with 

Hemotoxalin and Eosin using an autostainer and standard techniques. The muscle 

thickness, villus length, crypt depth, and villus width were assessed by a blinded technician 

under 40X magnification. 

Mts are presented as means with standard errors- M y s i s  of LacMim awes for the 

assessment of d intestinat permeabiis was done by ANOVA, with comparisons 

within each group to the baseline (days -6 and -3) and post tested with the Tukey test. In 



histological and enzymatic assays, the d t s  were analyzed by t test. Permeability in the 

indomethacin experiment is expressed as the sum of the ana under the curve for each 

experimental group. These were andyzed by ANOVA with Tukey post-testing. 



CIla~tet 5 

Results: TNBSinduced Ileitis 

Emerimtnt 1 : E f f i  of ALX-0600 on Acute Ileitis 

Hmothais: 

Pretreatment with ALX-0600 will prevent or ameliorate ileitis induced with TNBS and 

ethanol in the guinea pig. 

Emeriment 1: Dose Finding Experiments 

Methods: 

Guinea pigs were randomized into weight matched groups of 10 and two baseline 

permeabilities were assessed. Ileitis was induced by intraluminal injection of the 

appropriate TNBS/ethanoI soIution, I5 cm proximal to the iIeal-cecal junction. Group A 

received 20 mg TNBS in 15% ethanol, Group B received 20 mg TNBS in 10% ethanol 

and Group C received 15 mg TNB S in I 0% ethanol. Permeabilities were assessed during 

foUowing fourteen days. Histological and macroscopic examination of tissue from the 

distal ileum was performed to assess the damage induced in each group 

Results - 
+: 

There was significant mortality (80%) four days of administration ofTNBS/ethanoi 

to Group A Sbrty percent of the mortaIity was due to perforation or intestinal obstruction 

r d t i n g  fiom the TNBS-induced damage. The remaining 20% m o w  was the r d t  of 

investigator error during gavage which resulted in esophageal puncture- The surviving 

guinea pigs did not have increased gastric or colonic permeability. There was no change 

m small intestinal permeability (laJman: 0.3 I9 f 0.041; p>0.05) four days fotIowing ileitis 



induction (Fig I) Group C, which received the lowest dose ofhapten W S )  and 

ethanol did not have any mortality. This group also did not demonstrate any increase in 

gastric or colonic permeability as the hctionaI excretions of sucrose and sudose did not 

change. There was no indication of small intestinal disease in this group as the small 

intestid permeability was not increased (rpJmac 0.354 f. 0.053; pW.05). Vig. 2) 

Macroscopic examination of the tissue did not reveal any ulceration or edema, which 

would indicate ileitis. Group B, which received 20 mg ofTNBS in lo?? ethanol had 30% 

mortafity and demonstrated a significant increase in smd intestinal permeability (ladman: 

0.206 * 0.029; p< 0.0002) four days folowing the induction of ileitis. The control group 

for group B, which received ethanol intraluminally, did not have increased permeability 

(ladman: 0.062 f 0.004; p0.05) four days following surgery, nor was there any mortality 

in this group. The ma11 intestinal permeability resolved to baseline within I0 days, 

indicating rapid healing ofthe damage. (Fig. 3) Macroscopic comparison of Group B and 

their controls indicate that TNBS/ethanol caused significantly more damage to the 

terminal ileum (3.67 f 1.33; p< 0.023) than did the ethanol alone (1.0 & 0.58; p> 0.05). 

pig. 4) HistoIogicaIIy, there were significantly more granulocytes in the ilea1 wall of the 

TNsS group (2.5 f 0.28; < 0.02J) than in the ethanol group. (Fig- 5 )  



Small Intestinal Permeability 
20 mg TNBS in 15% Ethanol 

0.1 ! r I I I 1 
-1 0 -5 0 5 10 15 

4 Day 
inIe5tlan 

Fig. 1 Small intestha1 permeability was not 
increased following administration of 
20 mg TNBS in 0.5 ml of 15% ethanol 

Small Intestinal Permeability 
15 mg TNBS in 10% Ethanol 

Fig- 2 Smal irnCnai permeability in fhe guinea 
pig (n = t 0)was not ahred by administtation of 
15 mg TNBS (m) in 0.5 ml of 10 % ethanoL 



Small Intestinal Permeability 
20 mg T NBS in 10% Ethanol 

injection 

Fig. 3 Small intestinal permeability was significantly 
increased (* pc 0.0002) four days following 
induction of ileitis in the guinea pigs receiving 
TNBSfethanot (U; Group B) but not in the ethanol 

controls (+) 

Macroscopic Damage 
Day 4 20 mg T NBS in 10% 

Ethanol 

Fig. 4 Signficantly more damape was observed 
in the terminal ileum o f  guinea pigs receiving 
TNBS ( * p< 0.023; n 2 5) than in those receiving 
only ethanot four days after administratton, 



Villus/ Crypt 

Histology 
20 mg TNBS in 10% Ethanol 

Day 4 

[ZZqrnBS 
Ethanol 

Villus UW Musde Thickness Cellularity 
(w-2) 

Fig. 5 There was significantly more (* p < 0.021) granukcyte 
infibation in the TNBS group than in the Ethanol group. 
No other morphological fmtures were different between 
the two groups. 



Emerimcnt 1.2: Pretreatment of TNBSiIeitis with ALX-U600 

Methods 

Guinea pigs were randomized into three groups, ALX-0600, ALX-0600 + TNBS and 

TNBS. AWI-0600 was administered at a dose of 0.1 pgkg twice a day subcutaneow1y 

for once week prior to induction of ileitis, and for the entire period of the experiment The 

TNBS group received volume w e n t  doses ofPBS (the ALX-0600 vehicle) for the 

entire period ofthe acperiment. TNBS ileitis was induced through the intraluminal 

injection of 20 mg TNBS in 0.5 ml of 10% ethanol, 15 cm proximal to the ileal-cecal 

junction. Permeability was assessed, and five animals were sadiced fkom each group 

four days following surgery for assessment of macroscopic and histologicd damage. 

Results: 

Permeability of the s m d  intestine was significantly increased in the TNBS and ALSO600 

+ TNB S groups four days after induction of ileitis O d m :  0.107 i 0.0 13,O. I I0 0.028; 

p<0.03 16). The AIX-0600 group which received ethanol intraIumidIy did not 

demonstrate altered permeability (ladman 0.0889 f 0.0 13; p>0.5). (J3g. 6) There was no 

difference in the macroscopic damage to the tenninal ileum between the TNBS and the 

ALX-0600 + TNBS group. Both groups had significant ulceration, tissue necrosis and 

edema VilIus morphology was n o d  where there was no dceration in both the TNBS 

and ALX-0600 + TNBS groups. The AWC-0600 group's viUw morphoIogy did not m e r  

from either group receiving TNBS. Cell~Iarity~ assessed in non-uIcerated tissue was the 

same in all three groups. MuscIe was s i p i f i d y  hi* m the TNBS group 

than in the ALX-0600 + TNBS or the ALX4600 group (3.25 25 0.595; pa.0388). 

7) 



Small Intestinal Permeability in 
Guinea Pias Treated with 

ALX-0600 

nnn I "."- 

-;o 4 -i i i r b i i  

AM-0600 
9 

intrrluminal DAY 
injections TNBS 
begun 

Fig.6 AM-0600 pretreatment had no protective 
effect upon TNBS induced ileitis as both the 
TNBS (m; p<Oc0316) and the AM-0600 + TNBS 
group (4 pc0.0192) had significantly increased 
permeability. AM-0600 treatment had no effect 
upon permeability (@ ; p>O.OS), 

Muscle Thickness 
Terminal Ileum 

Fig. 7 AU(4600 was pr-be against the increase in 
msdB ihitkness men in the TEeS group 
(* pc O - m s  N 5). Wither the AM-0800 
north AX4600 + TNBS group 
demomkated an increme in musck thickness- 



Discussion 

Ileitis wm induced by intralumhd injection of20 mg TNBS in LO % ethanol to the 

terminal ileun~ This concentration of TNBS and ofethanol is much lower than that used 

by other investigators, including MilIer (94); however higher doses of TNBS resulted in 

excessive mortality rates. The concentration of TNBS is diicient to alter the ceII-surface 

morphology oflamina propria ceUs through its interaction with the &-amino groups of 

lysine residues, initiating an immune reaction by mrcrophages. Association of TNBS 

altered proteins with MHC molecules on the cell stdace of macrophages and epithelial 

cells results in generation of a hapten specific CTL T cell population (95). These 

cumulative immune responses result in significant inflammation and ulceration detected as 

an increase in intestinal permeabiIity. Generation of chemotactic cytokines by the 

macrophages contributes to the influx of granulocytes seen in the histologid assessments 

of cellularity. The lack of damage observed in the TNBS groups in the histologicd 

assessment ofepithelial morphology is the result of observing non-ulcerated areas. In 

areas of damage, the normal mucod morphology was eradicated, therefore it was 

imposslile to assess villus or aypt lengths. Muscie thickness may be an indicator of 

edema, fibrosis, hypoplasia or contraction- The increased musde thickness observed in 

the TNBS groups is the result ofinfhmatioq however the wet to dry ratios were not 

assessed and therefore edema cannot be determined to be the sole cause. 

Administration ofahaaoI alone has no dect on permeability, indicating no 

si@cant effect of the barrier breaker on intestinal integrity in the absence of an 

immunological stimulant, such as the hapten, TNBS. This is confirmed by the 

obsedons  ofmacroscopic damage and histoIogy. While this result may seem 



contradictory to the hypothesis that r n o d y  present IuminaI antigen causes 

inflammation during times of compromised intestinal integrity, the -ation of 0.5 ml 

of ethanol alters the contents of the intestine by flushing luminal contents into the cecum. 

Ethanol disrupts the actin-myosin iihnents around the tight jimctiom resulting in 

increased permeabiity without cytotoxicity; damage tht is transient, lasting a maximum 

ofthree hours (96). The relativeIy short abrogation ofthe barrier does not allow sufEcient 

antigenic challenge to the muwsal imrnune system to initiate a si@cant inflammatory 

reaction There is stirnutation of histamine release fiom the mast cells; however, this 

apparently does not initiate a significant idlammation of the small intestine (96) 

Normal fhctional excdons ofsudose indicate that the colon is unaffected by 

the idammatory reaction. Sucrose fhctional excretion was not altered during the disease 

process that indicates the integrity of the gastric mucosa was not compromised. This may 

also indicate a lack of physiological stress in the guinea pigs. Stress is associated with the 

development of gastric ulcer (97). Gastric ulceration is preceded by an increase in gastric 

mucod permeability (98); fbrthemore increased gastriDc permegbi can be assessed 

using the sucrose hctional excretion (16). Therefore, the normal sucrose hctionai 

excretion Ievels in the guinea pig may indicate a lack of stress. 

-0600 had no effect upon the induction of TNBS iIeitis in the guinea pig* 

SmalI intestinal permeability was significantly mcreased in both groups receiving TNBS, 

there was no difference between them- This sensitbe marker of small intestinal damage 

suggests that ALX-0600 pretreatment does not alta the immune response the haptea 

This is supported by both the macroscopic damage scores, which were not ditl ' int 

between the groups and the celldarity asses& during microscopic h e  emmimion 



The reduction in muscle thiclmess seen in the group receiving both RJBS and AIX.4600 

may be the redt  ofless fibrosis, or contractio~~, ~~ hru no documented effects 

beyond the epithelip; however it is possible thot administration oftbis growth hormone 

altered the inflammatory response sufficiently to alta the musde thickness. 

The changes in villus-crypt morphology which an cbaractmCstic of ALX-0600 

administration in mice (78) were not obsemd in the group receiving ALX-0600. It is 

possible that these effects were not discemable within twelve days of treatment; however, 

it is effective in both rats (99) and mice within seven days (81). ALX-0600 may not be  

effdve in.promoting growth ofthe small intestine ofthe guinea pig. However, GLP-2 

has been shown to be highly conserved within all higher forms oflife including mammals 

(100). fish (101). birds (101) and reptiles (102). It's structure is also highly conserved 

within m d a a  species (38) therefore it is unlikely that ALX4600 is non-bctionai in 

the guinea pig. The effkcts of ethanol on the ileum are transient and it is uniikely that they 

were sufticient to blunt the normal trophic response of the mucosal epithelium to AWL- 

0600. The lack of effect of ALX-0600 pretreatment upon sensitive markers of 

inflammation implies that this growth hormone is not effective in this model of 

inflammatory bowel disease. 



Emtriment 2: Reactivation of TNBS - hduced IItitis 

Hypothesis: 

TNBS-induced ileitis will be reactivated through systemic but not oral administration of 

the hapten. 

Methods: 

TNsS ileitis was induced in 15 guinea pigs through intraluminnl injection of20 mg TNBS 

in 0.5 ml of 100/o ethanol 15 cm p r o d  to the ileal-cealjimction. Control guinea pigs 

(10) received 0.5 ml of 10% ethanol, 15 cm proximal to the ileal-cecal junction 

Penneabw was assessed by oral administration of the probe, and widysis by HPLC. 

One month following intcalumind administration of TNBS or vehicle, 4.45 mgkg W S  

in PBS was administered subcutaneously twia a day for three days. Permeability was 

assessed on the third day of subcutaneous administration. Following systemic 

administration of the hapten TNBS and the control group were allowed one month to 

recover following reactivation. The guinea pigs were orally administered 4.45 mgkg 

TNBS in the permeability probe twice a day for three days. Permeability was assessed on 

the fourth day after beginning administration of the hapten. 

Results: 

Four days after i n t d u d  administration ofTNBSfethanol there was a slificacant 

increase in small intestinal permeability (ladman: 0.206 f 0.029; p<0.0002) which was not 

observed in the ethanol controls gadman: 0.062 t 0.004;p>0.5). @g 8) Excretion ofthe 

* 
other sugars did not differ fiom basehe. FolIowing subcutaneous -tion of 

TNBS there was a significant increase in pameab%& in the group which had previou~ly 

been hfIamed ( Idman: 0225 * 0.084; pc0.0217) but not in the ethanol coatroI p u p  



(la d m :  0. I0 1 * O.W6;p>o.!5). mere was 8 sub-popuiation of guinea pigs who did not 

demonstrate reactivation (4M). There was no aheration in the other sugars accretion - 
levels. Moaality immediately following surgery was 50 %, in the TNBS group while there 

was no mortality in the control group. There was no mortrlity foUowing systemic 

administration of TNBS. 

Oral administration ofTNBS following hcaliag of the systemically induced 

reactivation did not result in re-inflammation ofthe ileum. Permeability did not change in 

either the sensitized or the control group (la Jman 0.123 f 0.034, 0.079 f 0.0 1 p>O.S). 

Excretion of sucrose and sudose were not dtered fiom baseIine. There was no 

mortality following oral administration of TNBS. 



Smal Intestinal Permeability 
Acute Disease, Oral and Systemic 

Challenge 
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Fig. 8 Acub reaction in guinea pigs receiving TNBWethand 
inlrabmhalk w s  significant (m; * p * 0.a001, n 2 10) 
however, there was no increase in permeabilii following 
either oral ( pa.05) a sys~ic(p>0.(#) chalenge. The 
ethanol control group (+)did not demonstrate increased 
pmneability at any time point 



Discussion= 

Acute inflammation in the group receiving TNBSlahanol was indicated by the increase in 

small intestid permeability, which was not seen during the acute p b e  in the group 

receiving ethanol alone. The TNBS-induced increase in permeability resolved within one 

week There was no indication of invoIvement ofthe colon, as the suaalose fiactond 

excretions did not change. The animals did not experience my si@cant stress or gastric 

involvement that would be indicated by increased sucrose levels, as previously discussed. 

The mortality in the acute phase was limited to the TNBS-receiving group and resulted 

fiom intestinal obstruction that was secondary to inflammation. 

Systemic administration of the hapten is a documented method ofreactivating 

TNBS induced colitis (I03), using a dose 1/15 that which is used during acute induction. 

Subcutaneous administration of 4.45 mgkg TNBS resulted in a significant increase in the 

small intestinal permeability in the group which had recovered fiom ileitis but not in the 

ethanol control group or in a small sub-population of guinea pigs, refemd to in the 

literature as non-reactors. (93) This group either does not becomes sensitized to the 

TNBS or possibly does not retain the srnd amounts of TNBS in the intestinal wd 

foIlowing acute phase innammatioa The initial reaction to TNBS modified cells in the 

intestine is due to the actions of maaophages and to CTL T cells following sendhation 

through the presentation of TNBS modified proteins on MHC cell surface moieties. (95) 

There is also generation ofimmtmogIobuIin G against the TNBS modified epitope (104). 

Systemk reaht ion is most likeIy due to the prolif~tiooa ofthe hapten sp&c 

cytotoxic T cell popdatiors resuIting m a dehyed type hypersemitidy reaction- 

. . 
SystermCc adnnnwtiation ofthe hapten did not alter the incestid integrity when there was 



no prior administration of the hapten to the intestine, If induction ofidammation in the 

intestine by a luminaIIy present molecule reqphs i n d  permcab'i, then oral 

administration ofthe hapten to a sensitized animal with normal intestid pemeabiity 

should not cause reactivation because it would be excluded from the mucosal immune 

system. This has been demonstrated in the rat  Following TNBS-induced colitis 

intraculonic admvwtra 
. . tion of TNBS does not reactivate the colitis (103). There was no 

reactivation ofthe disease in the animals that had been sensitized to RJBS through 

intraluminal administration in the presence of the barrier breaker ethanoI, nor in those who 

were sensitized by systemic administntion of the hapten. It is possible that TNBS is not 

m y  excluded from the lamina propria but that tolerance has been induced. There is 

evidence that high doses of a compound delivered directly to the mucosd immune system 

will result in toIerance whereas low doses sensitize the muwsd T cells (105). Therefore it 

is possible that the combination of systemic and mucosal sensibtion to TNBS has 

resulted in tolerance ofthe immune system to TNBS-labeled ens. Therefore, a 

subsequent experiment is necessary to demonstrate that TNBS is truIy excIuded fkom the 

lamina pmpria and is not merely tolerated by the immune system 

I 



lberiment 2.2: Orrl TNBS will nat reactivate Ileitis 

Hyotbesis: 

Following acute inflammation resulting fkom TNBS, oral administration ofTNBS will not 

r d t  in recurrent inflammation but subsequent systemic administration ofTNBS wiK 

Method: 

Acute idammation was induced in the terminal ileum of the guinea pig through 

iatraltmbd injection ofO.5 d of 40 mglml RJBS in 10?% ethanol. Thne weeks after 

actue phase induction, TNBS was administered o d y  at a dose of 4.45 mg/kg twice a day 

for three days. Four weeks following induction (therefore one week following oral 

administration) TNBS was administered systemically by subcutaneous injection of4.45 

mg/kg TNBS twice a day for three days. Permeab'ity was assessed during the acute 

phase, and on the day following the last administration of TNBS both orally and 

subcutaneously. 

Results: 

Guinea pigs receiving TNBSlethanol experienced an acute phase increase in permeability 

indicating innammation which was significant and maximal at day 7 @adman: 0.254 & 

0.042; p< 0.000 1) following sutgery. The permeab* had returned to baseline and was 

not significantly different fiom ethanol controls fourteen days following induction. 

Neither the sensitized nor the wntroI p u p  demonstrated a significant increase in 

permeability following o d  administration of RJBS (!adman: 0.0.093 f 0.003,0.08 f 

0.007; pX3.5). Systemic administration of TNBS did not r d t  m increased permeability 

in either group (laJm 0.079 f 0.007,0.101 f 0.006; pW.5). (Fig 9) There was no 

change in excretion ofother sugars over the course ofthe experiment Mortalitywas 75% 



during the acute phase in the group receiviag TNBS. There was no mortality in the 

control group during the acute phase or in my group during either reactivation phues. 

Smal Intestinal Permeability 
Acute Disease, Oral and S ysdemic Challenge 
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Fig.9 Small intestinal permeability is significantly increased 
in the grwp receiwng infrafum'nal TNBSIethanol at a 
dose d 60 pgikg (* p4).0001, n r 5). There is no 
increase in permeability foMng oral or systemic 
challenge. The ethanol contol grow demonskated no 
increase in permeabilii at any time point 



Discussion: 

Small intestinaI permeability was significantly increased in the TNBSIethanoI group 

immediately following surgery, and was elevated for a longer duration that is normally 

observed in this model. It resolves to baseIine and is not different fiom the d m 0 1  control 

group within two weeks following the surgery. There is no change in permeability 

following either the oral or the subcutaneous adrmarstra tion of the TNBS. There was no 

alterations in the excretion of sucrose or sudose in either group at any time point in the 

experiment, indicating the animals were not experiencing significant stress or colonic 

inflammation. Them was a significant increase in the mortality rate of the guinea pigs 

during the acute phase ofthe reaction. This was likely a result of a decrease in the starting 

weights of the guinea pigs as the procedures have been progressing more rapidly. A 

retrospective analysis of the body weight per mill@m ofTNBS demonstrates that the 

amount of TNBS has been increasing gradudy as the weights of the guinea pigs had been 

decreasing- The optimal dose appears to be 60 mg/kg; this was subsequently used as a 

standard dose, replacing the 20 mg dose of TNBS. 

The Iack of reaht ion  following systemic administration may be due to either 

toiemce induced by the oral administration ofTNBS prior to systemic challenge or to 

e ~ a t i o n  of the re-advating subpopulation in the sunrivors. In the previous experiment 

* .  
which demonstrated reactivation following systemic adrmaudration of TNBS, we 

demonstrated an approximately 60% reachtion rate, 40% ofthe guinea pigs did not 

r actbate. The hypothesis, which may explain the Iack ofreactbation following systemic 

. . admuustration of TNBS, 4 that a d  adminidon of the TNBS prior to the systemic 

administration may be inducing oraI tolerance- Ifths is the case, smalI amounts of TNBS 



or luminaI proteins labeled with TNBS are being absotbed into the intestine in the absence 

of increased pe~lleabiility and presented through n o d  immune systems to the T d s  

inducing tolerance. RIBS compares with m a d 0 1  in size and thcrcfoft rmy be absorbed 

passively through the pafacellular spaces in a low enough dose to fiil to Miate an immune 

response. However this may be ovacome ifthe amounts of TNBS in the lumen reach a 

critical level and therefore the passive absorption ofTNBS is sufiicient to initiate an 

immune reaction. The folIowing experiments will test these hypothesis. 



Emerimtnt 2.3 : OraI Tolerance 

Hyothesis: 

High doses of TNBS administered o d y  will r d t  in sdiicient passive absorption to 

initiate a reactivation of the TNBS-induced ileitis. 

Methods: 

TNBS-ileitis was induced with 60 m&g TNBS in 0.5 ml of lo?! ethanol injected into the 

lumen 15 cm proximal to the iIeaI-cecal junction. Three weeks following induction, 

guinea pigs-were administered 100 mg/kg, 1000 mg/kg or 2000 mg/kg TNBS over 6 
I 

doses in 3 days. Permeability was assessed during the acute phase and following the oral 

challenge. 

ResuIts: 

There was simcant small intestinal inflammation in the acute phase. There was no 

increase in permeability following oral ctdenge following I00 mg (0.078 f 0.008; 

p>O.OS), 1000 mg (0.149 f 0.067; pW.05) or 2000 mg (0.015 f 0.017; p> 0.05) doses of 

TNBS, (Fig. 11) There was no aIteration in the excretion of other sugars. There was 

normal mortality in the acute ph'ase ( 40%) and one mortality in the 2000 mg/kg group 

during the reachtion phase which was a s c n i  to coIonic cancer (as diagnosed by a 

veterinarian during postmortem examidon). 



Small htiesthal Permeability 
Oral Challenge TNBS Dobe 

Response 

Fig. 10 Small inteslSnal pecmeabilty following 
high dose oral chalenge in previously 
sensitized guinea pigs (n r 4). No 
significant increase in permeability 
was observed 



Discwsion: 

The ileitis was s u d y  induced however, exc1usion ofthe TNBS 60m the i n t e M  

compartment is d c i e n t  to prevent p d v e  absorption of high doses of TNBS fiom the 

lumen to the lamias propria and therefore to prevent induction of the immune response. 

If oral tolerance is induced through high doses of the hapten as has been that suggested 

then the amount of TNBS absorbed might have been sufEcient to cause tolerance rather 

than initiate an immune respoxw- However, Ewe assume that the TNBS is being absorbed 

paraceLIuIadty in a mechani*sm skdar to mannit01 in the un-inflamed gut then there should 

have been some reaction of the macrophages to the presence of dtered sdf cells wen if 

there was no reaction of the cytotoxic T lymphocytes. Therefore, it is likeLy that TNBS 

was excluded fiom the interstitial compartment. To eliminate the possibility that oral 

administration of TNBS to sensitized @ea pigs is interfering with the systemic 

reactivation ofileitis, it is necessary to eliminate the oral administrati011, 



Emerimcnt 2.4 Elimination of  O d  Dosing 

Hpothes~~s: 

Systemic challenge with TNBS to sensitized guinea pigs in the absence ofan oral 

challenge will result in re-activation of ileitis. 

Method: 

IIeitis was induced as previousIy descnied using 60 mg/kg TNBS in I0?4 ethanoI, and 

assessed by permeability. Four weeks following swgay, TNBS was administered at 4 

mglkg subcutaneousEy twice a day for three days and permeability assessed agaia 

ResuIts: - 

There was a significant increase in small intestinal permeability during the acute phase 

reaction (ladman: 0.18 I f 0.028; p<0.00 1) that resolved within three weeks. There was 

no increase in permeability following systemic administration of the hapten (IY0.5). (Fig. 

1 I) There was no alteration in the excretion of either the gastrkdy absorbed sucrose, or 

the colonic sucralose. There was no mortality during any phase ofthe experiment. 
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Fig. I t  There ws a significant increase in small intestinat 
permeability irnmediatety fobwing surgery (0.1 8 1 * 0.028; p< 0.001) vufkh lasted for two weeks 
mere w s  no increase in permeabifity following 
systemic administratin of TNBS. 



Discussion: 

Lack of reactivation foUowing systemic odnnarstn * * tion may be due to elevated l eds  of 

TNBS absorption during the acute p b w  (100). The disease was active for longer periods 

of time t&an usud that may indicate a greater amount of cellular labeling. Intravenous 

administration of TNBS is sufficient to create T and B ceU mediated tolerance to the 

hapten modified epitopes (101,102) therefore it is possibie that sdicient TNBS was 

absorbed into the systemic cirdation during the acute phase that tolerance rather than 

sensitization was the result. 



Exneriment 3: Seasonal Variation in TNBSileitis 

B a c b u n d  

During retrospective analysis ofdata, a pattern ofcircaaral moation in the development 

of TNBS ileitis was suggested. Two studies conducted during the summer months were 

unsuccessll in inducing acute ileitis. This was initially explained to result &om 

degradation ofthe TNBS; however, subsequent experiments proved the TNBS to be 

active. 

Hvnothesis 

Intralumid injection of 60 mgkg TNBS in 10% ahanol, a procedure that induces TNBS 

in winter months, will not induce ileitis during the summer. 

Method 

Two groups of guinea pigs were administered 60 mgfkg TNBS in 0.5 ml of 10% ethanol, 

one group in JuIy and one group in August. Ethanol controls were run as well in August. 

Intestinal permeability was assessed in July. Intestid permeability, myeloperoxidase 

activity in the iIeum, sucrase activity in the ileal mucosa were assessed and histological 

d a t i o n  of the distal ileum was performed four days folIowing induction of ileitis in 

August. 

Ruutts 

There was no acute increase in s m d  intestid permeability (IadmaK 0.102 + 0.014; 

pO.05, n = 20) was seen in Jdy @go 12). Neither the sucrose nor the sucralose 

hc t iod  excretions; changed foIIowing administdon ofTNBS m ethanoL Permeability 

was not dtered in August foIIowing administration ofTNBS in &moL (data not 

presented$ Macroscopic &tion did not meal any s i p  of idammation, such as 



edema or ulceratio~~ Assessment ofthe myeloperoxidase activity in the distal iIeum (Fig 

13) and the sucrsse rctivity in the mucosa ofthe distal ileum @ig. 14) did not indicate any 

infiItration of granulocytes or decrease in digestive enyme activity. F i y ,  histoIogical 

examination of d o n s  from the distal ileum did not wed any changes in crypt/villus 

morphology or muscle thickness. CeIIuIarity assessment confirmed the mydoperoxidase 

assay, as no siificant increase in dulanty was f o d  m the TNBS group. 



Summer Permeability 

Fig. 93 Small intestinal permeability during 
a sunmer math. No effect upon 
permeability was elicilad by 
indraluninal administration of TUBS/ 
ethanol- 

Myelope roxidase Activity 
Day 4; Summer Month 

Fig. 43 webpwo#'dase acfiH'ty in the 
terminel ileum of guhea pigs 
four days ibllaning adninisfration 
o f Q O a T N B s l a h u P l a  
eqrivakntwlmes of ethnd. 
Nb significant diffwences were 
&scmd. 



Sucrase Activity 
Day 4; Summer Month 

Fig. 14 No significant differences in the 
amount d sucrase acti~ty in mucosd 
scrapings of the brminal ileun were 
obsemd following arninistration d 
TNB S/ethand. 

Histology: Summer Month 

Fig 15 No significant cliff8cemes be[ween he conlroI and the 
TESS redpimts w e  found h terms of maphdagy ct 
the gasb'oihtestinaI rmcosa, the fhickmss offhe muscle 
or the reWm infiIbation of granulocytes info the tissue* 



Dbcussion 

There are no reports in the Mecatme to support circannual rhythms in the ddopment  of 

TNBS ileitis. In humans, a retrospective uulyds ofulceration and Mammation in the 

upper gastrointestinal traa found that there is a lower occumnce during the summer 

months (103). There is also some evidence in the literature to indicate the suppression of 

the immune system in response to heat stress (104). These animals were shipped during 

summer months and therefore it is possible that they underwent some heat stress that is 

subsequently suppressing the immune response to TNBS. The guinea pigs were 

acclimatized to the Animal Resource Centre climate for two weeks following shipping. 

The duration of the heat shock response was not reported; however, it is unLikeLy that the 

suppression of the immune response wouId be d c e n t  three weeks afkexwards to prevent 

the TNBS-induced reaction The circannual variation in the development of TNBS ileitis 

suggests caution in interpreting other studies of TNBS ileitis in guinea pigs. Additionally, 

investigation ofthe mechanism for non-reaction may provide insight into the reguIation of 

the mucosd immune system that could provide alternatives in the management of 

innammatory bowel disease. 



Iindometha&induced enteritis in Rats 

Exncriment 4 

Hsathmis: 

ALX-0600 will prevent or ameliorate the effects ofindomethaciu-induced enteritis in rats. 

Methods: 

Rats were divided into five weight matched groups, ControIs, Indometha& Pretreatmenf 

Concurrent-and AWC-0600. Enteritis was induced through two daily subcutaneous 

injections of7.5 mgkg indomethacin in 5% bicarbonate in the hdomethacin, Pretreatment 

and Concurrent treatment groups. The Control and ALX-0600 group received equivalent 

volumes of 5% bicarbonate. ALX-0600 was administered at a dose of 0.1 p e g  in PBS 

twice a day for seven days prior to indomethacin administration in both the ALX-0600 and 

Pretreatment groups; treatment continued for the entire study period. The Concurrent 

group received PBS subcutaneousIy (ALX-0600 vehicle) for the seven days prior to the 

administration ofindomethack They began receiving ALX-0600 on the same day as they 

received the indornethacin, and #WI4600 continued for the duration of 

the study period. The control group and the indomahacin group received equivalent 

voIumes of PBS for the entire study period. @ig. 16) Permeability was assessed using 

the method described in chapter 3. Briefly the rats were fasted for two hours, folowed by 

administration of 500 mg of sucrose, 120 mg Iactulose* 80 mg mannitol, 60 mg sucraiose 

and 50 mg xyIose by gavage. Urine was collected for 18 to 20 horn and excretion ofthe 

s u p  was quantified by HPLC uridysis. Rats were d c e d  seven and fourteen dap 



following indomethacin administration for macroscopic, histoIogid and enyme acivity 

assays. 

~ ~ x - 0 8 0 0  begun indom ethacin for  t issue e x a m  
in ALX10600 and j " d ~ m @ t h a c i n ,  
p r r t re r tm ent: concurrent, 
P B S  in all others 8" Ptetreatm * n t ;  

5 %  bicarb for others; 
ALX-0600  begun in 
concurrent 

t issue  e x a m  

F ig .  16 T i m  e s c h e m  e f o r  g r o u p s  in exper im e n t  4 



M a :  

We assessed gasttointesthd permeability six times ova the twenty-one day study period. 

(Fig 17) Ratios ofthe Iactulose to marmito1 fractional excretion were summed and the 

s d  intesinal permeability kuessed as the area under the cum over the 21 day 

experiment- (Fig 18) S m d  intestinal permeability was increased (1.68 f 0.07 to 2.24 24 -1; 

p < 0.001) in the indomethacin group. Both the pretreatment and (1.89 * 0.06) and 

concurrent (1.99 f 0.09) groups had small intestiaal petmeability similar to the control 

group (1.68 f 0.075) and were also not significantly different from the LUX-0600 group 

(1 -3 8 * 0.09; p>.05). Permeability in the ALX-0600 group was significantly lower than 

the control (pc 0.0 1). Neither gastric permeability, an assessment of psychological stress, 

nor coIonic permeability, an indice of colitis, were altered in any group during the course 

ofthe experiment. Weight gain was depressed in aU the groups receiving indomethacin 

and in the group receiving only AW(-0600. pig 19) 

Visual examination of macroscopic damage in the smell intesthe revealed damage 

primarily in the jejunum, o ~ * o n d I y  extending the entire length of the intestine. pig 20) 

Seven days after indomethacin administration, the macroscopic damage score for the 

indornethacin group (3.9 t 0.3 i ; p < 0.00 1) was sipificantIy higher, as was the 

concurrent group (1.64 * 0.55; p < -01). The pretreatment group was protected from 

macroscopic damage (1.5 k 0.5). Fourteen days foIIowiag indomethacin exposure both 

the indomethacin group (2.2 f 0.47; p < 0.01) and the concurrent group (0.64 f ,054; p < 

-05) had significant macroscopic damage- Total area of damage was assessed by 

planbetry to ascertain the extent ofmucossI imolvement in enterb- @g 21) 

Indometkin groups had significant areas of damage on both days seven and fourteen 



Small Intestinal Permeability 
lndomethacin Chronic Damage 

in Rats 

Fig. if lndomethacin significantly increases smal 
intBSfiBSfinal permeability immediately folkwing 
administration (m; * p < 0.001, n n 20). This 
resohrss to baseline within fourteen days. 
There is no change in permeability folkwing the 
administration of bicarbonate (+ ) . 





Chago in Body Wight 

Control 

Fig. 19 W(-0600 was not pro$ciivo agailan Le wight loss 
associated Mth indometftacieinduced enteritis 
C p 0.001; n r is) in either the pmtreatrnent ( ' pc 
0.001) or concurrent C pO.OO1) gmups. Aw0800 
reduced overal weight gain significantly (# p 0.01; 
n 2 15) compared wiIh confrob. 

Macroscoplc Damage 
lndomethacin Induced Chron k 

Damage with ALX0800 

Indomethacin 
Prefreat 

Concur ren t  
UP-2 Contot 

Day 
Fig. 20 AwOWO is pcotectiw for macroscopic damage 

caused by indomethain wha, @ven as pretreatment 
(' pc 0.001) or concurrent(# p< 0.01) therapy. 
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Figure 21. M-0600 pretreatment signifi- 
(* p < 0.001, n r 10) reducesthe 
macroscopically visible damage to 
the smaIC intestine induced by indome(hacin. 



(5527 % f 0.09,42.82 % f 0.07; p < 0.001) while the conanrent group had significant 

area of  damage only on day seven (40.7 % f 0.12; p < 0.01). The pretreatment goup did 

not exhibit significant area of damage (14-4 % f 0.06; p > 0.05). Macroscopiuly, U- 

0600 pretreatment was highly & d v c  in preventing signXcant small intestinat damage 

due to indomethacin exposure. 

Inflammation is characterized by the Mltration of granulocytes, especially 

neutropbils, into the affected tissue. The extent ofgranulocyte id3tration was estimated 

through the quantification of the myeloperoxidase enzyme in segments ofproximd 

jejunum shoiving non-ulcerative damage. (Fig 22) One unit of myeloperoxidase is taken 

to represent one granulocyte. Significant myeloperoxidase activity was assessed on day 7 

in the indomethacin (0.44 & 0.00 1; p < 0.00 I), pretreatment (0.42 f 0.7; p < .0 1) and 

concurrent (0.65 k 0.08; p < -00 1) groups. ~ ~ a t o r y  cell Wux was reduced to 

normal levels in the pretreatment and concurrent group but remained significantly elevated 

in the indomethacin group (I. I2 f 0.2; p < 0.0 1) fourteen days following indomethacin 

exposure. Inflammation is also characterized by edema, which was assessed histologically 

through the measurement of muscle thkkness. Indomethacin exposure resulted in 

significant edema in aU exposed groups, ALX-0600 did not affkct the extent of edema 

obsemed. (Fig 23) The protective efliects of ACX-0600 demonstrated at the macroscopic 

Iwet wen not rdected at the microscopic Ievel; however, ALXX)600 did 8cceIerate the 

rate of healing in the pretreatment group. 

TO confirm the function ofthe peptide b o n e  d o g  ALX-O60Ot villus and 

nypt morphofogy was assessed in the proximal j* @?ig 24) Wus iength was 

s i @ d y  increased in the ALX-0600 group at both h e  points, resulting in a 
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Figure 22 Myeloperoxidass activity is significantly (* p < 0.001, 
n r 10) increased on day 7 in all groups receiving 
indomethacin; by day ?4 MPO remains elevated 
in the indomethacin control group only. 
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Fig. 23 Muscle thickness was significantly increased in 
the indomethacln. pretreatment and concurrent 
groups (* pc 0.01) at day 7 (n 2 10). At day 
14, (n 2 10) the indomethacin, pretreatment 
and concurrent groups were all signnicantIy 
thicker than controls ( p < 0.01) and the 
bdornelhacin and concurrent groups were 
signifleanlly thicker than the pretreatment 
group (& p.< 0,05), 





significant increase in vinus length to aypt depth ratio (2.58 f 0.0 1; p < 0-00 1). Vius 

length to width ratio increased in the ALX4WO group (4.5 f 0.07; p < -00 1) on day 7, 

but not until day 14 in either the pretreatment (3 -94 f 0.29; p < 0.00 1) or concurrent 

(3 -68 f 0.029; p < 0.0 1). (Fig. 25) The ALX4600 pretreatment group continued to 

demonstrate i n a d  vilIus length to width ratios (3.5 * 035; p< 0.001) while the 

indomethacin (2.75 * 0.26) were not significantly different from controls (2.25 i 0.13) 

The alterations in crypt villus morphology are consistent with previous descriptions of 

ALX-0600 and GLP-2 finaion and indicate a graded response to ALX-0600 dependent 

upon the seyerity ofthe inflammatory reaction to indomethack 
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Fig. 25 Seven days fobwing the onset of enteritis, only the AwOBOO 
confrol group demonsfrated significantly bnger, nan- villi. 
(* p c 0.001, n 2 10)Fourben days fokwing indomethacin the 
pretreatment (& p~ 0.01, n L Q ad concurrent (* pc 0.001. 
n r to) freatmnt groups a b  had increased dlus length to 
width ratios, 



Discussion: 

NSAID enteritis induced either through chronic use in humans or acute doses in animal 

models such as u&ed in this study, result in a characteristic increase in small intestid 

permeability, idammatory cell influx, uIceration and erosions (33). The similarities in 

damage to idammatory bowel disease mode thip a good model ofdisease i n d u d  

through direct cytotoxicity. Therapy of inflammatory bowel disease has fmsed upon 

reliefofinfl8mmatioa and secondary M d o q  however, acceleration ofthe healing 

process has become a subject ofresearch in recent years. Glucagoelike peptide 2 has 

been shown-to be a highly specific and potent mitogenic factor in the small intestine. It 

increases the mitotic index of crypt progenitor cells and decreases the apoptotic rate of 

vilIus tip cells (1 12). 

We have shown that the GLP-2 analog ALX-0600 is effective in preventing 

indomethacin induced chronic enteritis in rats whether given in a pretreatment or 

concurrent treatment regime. GLP-2 significantly reduces the acute increase in small 

intestinal permeability. This correlates with a decrease in macroscopic damage scores, 

myeloperoxidase levels and histoIogica1 changes seen in indomethacin control animals. 

While the concurrent treatment group did not perform as well as the pretreatment group, 

this is likeIy to be due to the different time period during which they received the hormone 

d o g ,  as the &ects of ALX-0600 and GLP-2 have been shown to accumulate over time. 

W e  observed the expected Increase in villus length in the wntroI animals receiving AIX-  

0600, confirmiag results fkom our (99) end other labs (81). 

The first documented morphologicd changes foiIowing indomethadn treatment is 

the loss of crypt d s  (1 D). This loss of crypts may d t  in the increase in pemeability 



and increased translocation oflumind antigen across the mucosal barrier. Treatment with 

AWC-0600 increases villi length but has no effect upon crypt morphology; however; crypt 

cells secrete a variety of compounds, including I& that smns to protect the mucosa from 

luminal antigen (1 14). Antigen is found in a decreasing gradient fiom the vilIus tip to the 

crypt. Therefiore, pretreatment with ALX-0600 may increase the distance which 1.um.M 

antigen must cross to reach the breached barrier, resulting in less inflammation iri the 

pretreated animals. The invasion ofthe mucosa by luminsl contents has been shown to be 

essential to the development ofindomethacin enteritis as gem h e ,  bile-duct ligated or 

fasted rats ate immune to the effects of indomethacin (1 15). Pretreatment with AIX-0600 

allows a greater functional rnucosa at the time of damage, preventing the fimctiond 

malabsorption and diarrhea experienced by the concurrent and indomethacin control 

groups. Indornethacin undergoes enterohepatic circulation, which has been shown to be a 

primary factor in the pathogenesis ofindomethacin-induced enteritis, and causes an 

increase in enteric bacterid numbers. The increased permeability resulting fiom continual 

exposure to a reckdating NSAD such as indomethmin or diclofenac would be the 

equivalent of multiple doses of a non-recirdating drug such as nitrofenac. The resulting 

continual increase in permeability coupled with the increase in bacterid colonization in the 

Iumen, characteristic ofNSAID induced damage, exacerbates the inidaf damage to the 

mucosa (1 16) Indomethacin also catlses an acceIerated turnover of cells in the small 

intestid mucosa (1 I7), the opposite e&ct of KX-0600 therefore the &ectS of 

indomethacin may be blunted in thepretreated animds. Further investtC@ons of I& 

antigen transIocation and nutritionat status ofthese animaIs wodd be n v  to chi@ 



the mechanisms ofthe protectbe actions ofALX-0600 in NSAID induced chronic 

ent erkis. 

ALlG0600 given from the time of indomethack .ids in the healing ofthe direct 

cellular damage. One ofthe mechanisms postdated to mntniute to NSAID enteritis is 

the inhibition of oxidative phosphoryhtion. This leads to a decrease in ATP production 

and calcium cytotoxicity (1 18). ALX-0600 acts through adenyIyI cycIase to increase 

intracellular CAMP levels which may prevent the i n t d  cytotoxic &ects of indometbin 

on mitochondri*a Regulation oftight junctions is ATP depende* therefore the increase in 

permeability associated with indomethacin treatment may be partially associated with lack 

oftight junctional control (1 19). ALX-0600 induced increases in the precursors ofthe 

TCA cycle may help to prevent disruption of n o d  cellular fimctions. hdomethach is 

also a potent ofEGF release (120). Lack ofEGF inhliits the healing of 

intestha1 epithelia however ALX-0600 may substitute for the lack of EGF, StimuIating 

healing through increased mitotic activity in the crypt. Prostaglandin Ez (PG& ) is 

hhiiited through the actions of indomethack on the enzyme qcIooxygenase. P a  

innuences the migration rate and turnover time of epithelial cells (1 17), a hction of 

ALX-0600 as well, therefore ACX-0600 may mnect the deficit of this inflammatory 

mediator by increasing migration and delaying turnover without the other inflammatory 

side effects ofPGE2. 

h summary, we have demonstrated that both pretreatment and concurrent therapy 

with AIcX-0604 an d o g  to GLP-2, are &&e in the treatment OMSAID induced 

chronic enteritis* Pretreatment is more eft- during the lcutc phases ofthe dbse ,  



however, both treatment groups d c m o ~ e d  sifiunt imptovements in a wide variety 

of fundona1 and morphological assessment in comparison to the control group. 



* This thesis documents the characteridon of an acute model ofileitis in the guinea 

pig iaduced by TNBS. TNBS ileitis wru induced through the i n t r a l m  injection of 

TNBS and ethanol initiating an inaammation that lasted for two weeks. Increased 

intestinal permeability, granulocyte Mtration and increased muscle thickness 

charaderted the disease- AWC-0600 was used to test the hypothesis that pretreatment 

with this andog of GLP-2 would prevent or change the course of the disease, however 

there was no effect upon the disease. Attempts to develop a reactivating model of TNBS 

ileitis were not reproducible and therefore testing ALX-0600 on the reactivation phase of 

ileitis was not possible. 

Indomethacin-induced enteritis was the other model of Mammatory bowel disease 

used to test the use of ALX-0600 in the treatment or pmention of IBD. ALX-0600 

pretreatment was protective agaiwt the damage to the small intestine induced by 

indomethacin while conctment therapy increased the rate ofhealing in the rats who 

received indamethacin- ALX-0600 in the absence ofindomethacin induced the expected, 

pr&ousIy documented changes in mucosal morpholo~ and caused a previously 

undocumented decrease in d intestid pemeabiky. AW[-0600 is beneficid in this 

model of inflammatory bowel disease- 

The diffence between these two models lies in both the system and the type of 

disease initiated. TNBS ileitis m the guinea pig is initiated through an immune d o n  to 

a n~~seifepitope created when TNBS absorbs to tysine residues on the surfice of 



intentihl cells. hdomethacin enteritis r d t s  fiom direct cytotoxicity oftoward the 

epithelial cells, partiduly in the crypt. This initiates aa inflammatory reaction due to 

tissue necrosis and the Mltration of1uminaL contents to the intemithl space. The inability 

ofALX4600 to prevent development ofTNBS ileitis may be due to the inability of the 

hormone to afEkct the immunoIogiiul response ofmraophages and cytotoxic T cds to 

the presence of non-seffepitopu. TNBS kitis is a W e n t  disease and inae85ing the 

healing rate ofthe epithelia by increasing the mitotic index may not have detectable & i  

on the course of the disease. Indomethacin induced enteritis is the result of cytotoxicity 

and the inhiition ofmitogens such as PGE2 and epidennal growth fhctor (EGF). The 

effects of ALX-0600 may have been the result of replacing PGE2 and epidermal growth 

factor and thereby increasing the healing rate ofthe enteritis. Treatment of human 

inflammatory bowel disease with ALX-0600 may be marginally beneficial as some ofthe 

damage is thought to result Erom disregdation of the regulatory system of the 

gastrointestinal epithelia Investigation of the effects ofWC-0600 on other models of 

idammatory bowel disease and clarification of the underlying cause of IBD will aid in the 

development of this or other therapies 

1 



Appendix 1 MattriaJs 

Acetonitrile 
Amberlite 120 resin 
AmberIite 400 resin 
AmecicIear 
Autotechnicon 
Betadine 
BioRad Protein Assay Kit 
CelIubiose 
Centrifuge . 
Cover Slips, Glass 24xSO 
D-xylose 
Desk top eppendorf centrifuge 
Di-postassium hydrogen orthophosphate 
DABA 

EDTA 
Entaiin 
Eosin 
Ethanol 
Eppendorftubes 
Formah 10% 
Garamycin 
Glacial acetic acid 
Glucose oxidase 
HPLC - sucrose, IactuIose, rnannitol 
HPLC- sucrdose 
Eldothane 

Hemotoxalin 
arm 
Hisotomatic Slide Stainer 
HydrocbIoric acid 
hdometfiacin 
Ionpee NSI coIumn 
h p r o p d  
Lactidose 
MA-1 ion exchange oolumn 

AlIelix B i o p ~ c a l s  Ltd, 
Mi-g8, ON 

Edmonton, AB 
BDH, Edmonton, AB 
BDH, Edmonton, AB 
BBX~CT, Deerfie14 IL 
Technicon Co., Chauncey, N Y  
Perdue Frederick k,Toronto, ON 
BioRad, Richmond, CA 
Sigma, Oakville, ON 
Damon, IEC Division 
WWR, Edmonton, AB 
BDE& Edmonton, AB 
VWR, Edmonton, AB 
BDY Edmonton, AB 
Kodak, Eastman Fine Chemicals, 
Rochester, NY 
Fisher Scientific 
BDH, Edmonton, AB 
VWR, Edmonton, AB 
Commercial Alcohols Iac., Brampton, ON 
VWR, Edmonton, AB 
VWR, Edomonton, AB 
Schering, Pointe Claire, QC 
BDR Edmonton, AB 
Sigma, O M e ,  ON 
Dionex, O M e ,  ON 
HewIett Packard, O M e ,  ON 
Benson Medical Imhtstries, 
&bm, Ontario 

Edmonton, AB 
Sins, O W e ,  ON 
Fder Scientific, Nepean, ON 
BDH. Edmonton, AB 
Sigma, O w e ,  ON 
Dioueq O M e ,  ON 
BDH, Edmonton, AB 
SO~MY Pbanns k., Scarb~u~gh, ON 
Dionq Oskville, ON 



Item - 
Male RiuUey Guinea Pigs 

Male Wistar Rats 

Mannitol 
Microtome 
Mineral oil 
Mould Release 
0-diansidine 
Oxygen 
P a d i n  
Phenyl-8-d-thiogdactoside 
PhIoro~ucinoI 
Potassium ph-osphate monobasic 
Saline 0.Ph 
ScalpeI blade #I0 
Silk  (3-0) with PS-2 cutting needle 
Slides 
Sodium bicarbonate 
Sodium hydroxide 
Spectrophotometer 
Sudose 
Sucrose 
Syringe 3cc 
Syringe tuberculin 
Syringe filter ( 4 5 ~ )  

Test tubes I3 x I00 glass siIiconized 
Test tubes 16 x 100 glass siiiconkd 
Test tubes I0 x 75 glass sGconke& 
ThymoI 
Trinitrobenzene sulfonic acid (TNBS) 
Triton-Xt 00 
Viayl(3-0) with RB-I tapered needIe 

Charles Riva Labotatories, 
St.&- QC 
Charles Riva Labomoties, 
st. Co-t, QC 
BDB; Edmonton, AB 
Spen- 
BDE Edmonton, AB 
Fisher Scientiiic, Nepean, ON 
Sigma, OaMle, ON 
P- nlmssausa, Ontario 
Baxter, Deafiefd, IL 
Sigma, OakdIe, ON 
Sigma, Oakville, ON 
Fisher Scientific, Nepean, ON 
Baxter, Deerfield, XIL 
Fisher Scientific, Nepean, ON 
Ethicon, Johnson & Johnson, Brarnpton, ON 

Edmonton, AB 
BDA, Edmonton, AB 
BDH. Edmonton, AB 
HewIett-Pa~kard, O W e ,  ON 
Mc- Guelph, ON 
Redpath Industries, Vancouver, BC 
Becton Dickson, Fraaklin Lakes. NJ 
Becton Dickson, Fraaklin Lakes, NJ 
Chromatographic Specialities Inc, 
Brockdfe, ON 
WWR, Edmonton, AB 
VWR, Edmonton, AB 

Edmonton, AB 
Sigma, O M e ,  ON 
FIurcS, Sigma, Oakville, ON 
BioRad, Richmond, CA 
Ethicoa, Johnson & fohnson, Brarnpton, ON 
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