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Inflammatory bowel disease (IBD) is a chronic, idiopathic inflammatory 

condition of the gut mainly studied in man but also recognized in the cat. The main 

constraint of working with IBD is that diagnosis cannot be reached with absolute 

certainty. A role for diet in the initiation and/or maintenance of chronic 

inflammation in lBD has long been suspected among a number of other possible 

risk factors. On the other hand, diet is also recognized as a very important mode of 

therapy in IBD. There is a paucity of information on feline IBD and the effects of 

dietary components on gastrointestinal inflammation in the cat. This is partly due 

to the lack of practical and effective techniques to improve diagnosis and easily 

monitor therapy in a clinical patient. To test the hypothesis that diet does have a 

role in feline IBD, a retrospective multicentre epidemiological study and two 

prospective dietary clinical trials examining the influence of different sources of 

carbohydrates and a dietary fibre equivalent were conducted. In addition a device 

for easy and simple collection of colo-rectal mucosal fluid was developed and 

tested in a small number of cats. This device may help to improve diagnosis or to 

measure responses to treatment, including the response to dietary management of 

feline inflammatory bowel disease. 

Since IBD diagnosis is a deciding factor in the inclusion criteria for both the 

retrospective and prospective study, it is of pivotal importance to define how this 

diagnosis was reached. In this thesis a diagnosis of IBD was restricted to cats with 

chronic clinical signs of gastrointestinal disease (anorexia, vomiting, diarrhoea, 

weight loss, haematochezia) and signs of leukocytic infiltration in the lamina 

propria of the gastrointestinal tract. In addition these cats had negative serology for 
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FIV/FeLV, negative faecal flotation, normal haematology and biochemistry, 

normal serum thyroxine concentration, a lack of response to a week-long dietary 

trial and a lack of abnormalities detected either by abdominal radiography or 

ultrasound. Other tests were included in the prospective studies as considered 

necessary to establish the diagnosis. 

The epidemiological study investigated diet and other risk factors associated 

with the presence of IBD in cats. Data on the signalment, stress factors (sexual 

activity, length of ownership, change of address, number of cats in the house, other 

pets in the house, frequency of boarding and cats show attendance), environment, 

temperament, lifestyle, presence of disease and diet prior to the diagnosis of IBD 

were collected. Matched (by age, gender and breed) and random control groups 

were included. Cats with IBD were commonly females, 7 to 15 years old. Exotic 

breeds were over-represented. In addition, having only one dog in the household 

appeared to be associated with the disease, while more than one did not. Overall, a 

higher frequency of potential stress factors appeared to significantly predispose to 

the disease. Vomiting, diarrhoea, anorexia and dental disease were found to be 

common in cats with IBD before diagnosis. Skin (acne, reaction to insecticide 

spray, eosinophilic plaque, plasma cell pododermatitis, otitis externa) and 

respiratory problems (sneezing or coughing) were also more prevalent among cats 

with IBD. Lifestyle, veterinary care and diet were very variable between countries 

but none of them proved to be significantly associated with feline !BD. 

The retrospective nature of epidemiological studies does not allow all 

possible nutritional associations to be studied. This fact along with the known 

nutritional idiosyncrasies of feline nutrition provided the logic to investigate diet as 

a mode of treatment in two prospective dietary trials. One trial involved a 

comparison of different sources of starch (rice, barley, tapioca and corn 18.4 -

25.8%ME) by healthy cats and cats with IBD. The rationale for this comparison 

was that cats do not possess all the tools to deal with dietary carbohydrates when 

compared to other species, and that carbohydrate malabsorption can occur during 

gastrointestinal inflammation and contribute to the clinical signs of gastrointestinal 

disease. The other prospective dietary trial tested diets supplemented with different 

amounts of inulin (0, 0.1 or 0.2%DM). Inulin is an oligosaccharide which effects 
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in the gastrointestinal tract of man and other species resemble the actions 0 f dietary 

fibre. The products of fermentation of dietary fibre are considered beneficial for 

colonic health and have been used for the treatment of idiopathic colitis in several 

speCIes. 

The study on carbohydrate tolerance was a crossover study that included a 

control group of healthy cats from a research facility and cats diagnosed with IBD 

(according to the criteria mentioned above). Breath hydrogen collection, faecal 

grade and water content, faecal sodium, faecal potassium, faecal osmolar gap and 

gastrointestinal clinical signs were used to compare carbohydrates. IBD cats 

showed a higher area under the curve (AUC) of breath hydrogen (p=0.0001) 

indicating malabsorption of carbohydrate, irrespective of starch source, when 

compared with healthy controls. No deleterious effects on faecal characteristics, 

clinical signs or body weight were observed. The faecal osmolar gap did not prove 

to be useful to identify cats with IBD. Rice increased faecal sodium/potassium 

ratio when compared with the other starches. In summary, carbohydrate 

malabsorption seems to be a feature of gastrointestinal inflammation in the cat but 

in the short term it does not seem to be detrimental in terms of clinical signs or 

body weight. On the other hand the feline colon appears to have an amazing 

capacity to maintain water absorption in the midst of an increased load of 

fermentable material. Hence carbohydrate malabsorption cannot be judged by 

faecal characteristics in the cat. In addition, the use of rice as the preferred 

carbohydrate for dietary management of feline IBD may need to be further 

examined since the AUC when consuming rice was similar or higher than with the 

other sources of starch. The significance of the finding that the rice based diet was 

associated with an increase in faecal sodium is uncertain. 

The inulin study was conducted in healthy cats (20 belonging to a research 

facility and 10 owned by the public) and a small number of cats with IBD. 

Changes in microdissection parameters (number of dividing cells per crypt, number 

of epithelial cells per crypt cell column, crypt length, crypt width and crypt area) in 

the duodenum, colon and rectum were studied as well as changes in histological 

preparations, transit of radiopaque markers and macro nutrient digestibility. The 

addition of inulin to feline diets was associated with an increase in the number of 
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epithelial cells per colonic crypt (p=0.006) and colonic crypt length (p=0.025) after 

the cats ate the diets supplemented with inulin for four weeks with no indication of 

a dose response to inulin. There was also a trend towards a greater number of 

dividing cells in duodenal (p=0.07) and colonic «(P=0.07) crypts in publicly owned 

cats consuming the diet with 0.2% inulin. Much variation was found between 

research colony cats and publicly-owned cats before the trial started. The addition 

of inulin was not detrimental to faecal characteristics, macro nutrient digestibility 

and did not cause any change in the transit of radiopaque markers in healthy cats. 

The increase in crypt cellularity in healthy cats is a potentially beneficial effect for 

the treatment of colitis but further research in cats with clinical colitis is required. 
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CHAPTER ! 

INTRODUCTION 

The term "Inflammatory Bowel D isease" (lBD) in the veterinary field has 

been 'borrowed' from human medicine. In man the term IBD is  used most 

commonly to refer to a group of id iopathic diseases of the gastrointestinal  tract :  

Crohn 's d isease and u lcerative col itis J .  The former was first reported in  1 932 as  

a regional i le itis by Crohn, Gizburg and Oppenheimer 2 . These investigators d id  

not be lieve that the disease had been 'missed' prior to their publ ication because 

reputable pathologists were known to perform complete autopsies during the 1 9th 

century. Therefore, Crohn 's d isease was considered by them to be a disease o f  

the 20th century 3 .  The h istory o f  u lcerative colitis i s  sl ightly o lder with the first 

report describ ing the cond ition as a distinct c l in ical entity dating from 1 875 by 

Wi lks and Moxon 4. However, both d iseases were already included among the 

Case Reports ofGiovanni Morgagni ' s  de Sedibus i n  the 1 8th century 4 .  

Although these two diseases are grouped together under the term IBD ,  

evidence has mounted to suggest that they may b e  different diseases. They are 

both chronic d iseases with spontaneous relapses and genetic predispositions 



2 

modified by environmental factors. However, immunologically and 

pathologically they are distinct d iseases. Crohn's d isease is a granulomatous, 

transmural enterocol itis whereas ulcerative col itis is characterised by superfic ial 

mucosal inflammation 1 . 5 .  

In veterinary sCience the term IBD is used to describe a group o f  

gastrointestinal diseases characterised by persistent c l in ical s igns and h isto logical 

evidence of lamina propria inflammation to wh ich no cause can be ascribed 6. 

This defin ition does not specity the type of inflammation, type of lesion or  

location with in the gastrointestinal tract. Wh i le this defin ition accurately 

represents the way the term is  used in veterinary science, the breadth of the 

defin ition, the fact that IBD is a d iagnosis of exclusion, and the reliance on 

subjective h isto logical parameters for diagnosis present many problems to those 

wish ing to reach a definitive diagnosis of IBD and differentiate the truly 

idiopath ic inflammatory diseases of the gut from the non-inflammatory functional 

disorders of the gastrointestinal tract. These diagnostic problems, with particular 

reference to the cat, are d iscussed in more detai l  in the next chapter. 

As Crohn 's d isease and ulcerative col itis have become more commo n ly 

diagnosed in the last few decades a greater understanding of their  

pathophysio logy has been gained. A basic model of human IBD inc luding 

important epidemiological factors has  been proposed. Th is model includes an 
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initiating factor, wh ich is unknown at this stage, fol lowed by factors that 

perpetuate or amplifY the gastrointestinal inflammatory response. These latter 

factors include enteropathogens, bacterial flora and their  products, dietary 

antigens and genetic susceptibi l ity. Immunoregulation (influenced by genetics) is 

affected and tissue damage ensues 
5

,
7,8 . In this model, d iet cou ld act as a trigger 

for the chronic inflammation ( in a s imi lar fash ion to gl iadin in cel iac d isease) or 

as a factor that maintains or enhances other phlogistic influences in the gut lumen. 

On the other hand, diet has also been suggested to be an effective mode of therapy 

in  IBD of humans 9 and animals ' o. An appreciation of al l d ietary influences on the 

disease can be gained from Figure 1 .  

IBD has been reported in the cat" . However, no information is available 

on the possible risk factors for the d isease in this species and it is uncertain if the 

human model described above appl ies to the cat. As a result, veterinarians must 

rely on information gained in other spec ies (humans or dogs) when diagnosing 

and treating fel ine IBD. Sometimes data obtained in healthy cats is appl ied to the 

management of cats with gastrointestinal inflammation . Thi s  practice may not be 

rel iable either. Furthermore, the cat is classified as a "strict carnivore" which 

implies that its natural d iet does not contain large amounts of carbohydrates and 

dietary fibre .  Although healthy cats can consume and thrive on d iets with a large 

proportion of carbohydrates, it i s  known that cats do not have the ful l  

armamentarium of tools to deal with dietary carbohydrates when compared to 

other species ' 2 . Both these nutrients, d igestible carbohydrates and dietary fibre, 
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have been considered important in the dietary management of IBD in other 

spec ies. Unfortunately, their importance and gastrointestinal effects in cats 

diagnosed with IBD have not been studied. This is partly due to a l imited range 

of techn iques that are ethical and easi ly appl icable to the c l in ical situation by 

which fe line IBD can be studied. 

G iven the paucity of information on the role of d iet in fel ine IBD a broad 

approach to study the subject was taken. A comprehensive review of the topic is 

presented f
i
rst. This review is fo l lo wed by an epidemio logical study looking for 

associated d ietary risk factors that could guide or direct further research into the 

role of d iet in fel ine IBD. Other (non-d ietary) risk factors were studied as wel l  to 

make the most efficient use of the resources applied to the epidemiological study. 

Unfortunately, this study d id not identii)' any d ietary risk factors for \BD in cats. 

However, g iven the shortcomings of retrospective studies, the idiosyncrasies of 

cat nutrition and the proposed role that carbohydrates and dietary fibre play in  the 

dietary management of IBD in other species, it was decided to study the effects of 

these two nutrients on fel ine IBD. One of these studies investigated the response 

to different sources of carbohydrates in healthy cats and cats with IBD. The next 

study looked at the structural and functional changes that fol low supplementation 

of d iets with inulin, a d ietary fibre equivalent. During the l iterature review it 

became apparent that there may be significant l imitations in relying on 

morphological parameters to assess gastrointestinal responses to nutritional trials. 

These l imitations were confirmed in the study of the effects of inulin 
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supplementation . As a result, the last study of this  thesi s describes an attempt to 

develop a simple tool that may prove usefu l  in the future to improve the diagnosis 

of fel ine IBO or to study responses to nutritional m anagement or other modes o f  

treatment during the course of fe l ine IBD. 
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CHAPTER 2 

THE ROLE OF DIET IN FELINE INFLAMMATORY 

BOWEL DISEASE 

Given the scarcity of information on the role of diet in fel ine IBD, one of the 

purposes of this  research program was to review the l iterature on the topic.  The d iagnosis 

of IBD in  cats and other species is controversial and can be a constraint when doing 

research on th is disease because of the importance of ascertain ing the d iagnosis to make 

truly relevant observations. As a consequence, th is review wil l present a d iscussion on 

the d iagnosis of fel ine IBD and its shortcomings first. Th is will be fol lowed by a 

description of the epidemiological features of the disease in man and animals. 

Subsequently the genetic predispositions and gastrointestinal environmental factors that 

can perpetuate and ampl ify the inflammatory response in IBD wil l  be discussed. It is 

noteworthy that these factors are directly and/or indirectly related to the role of d iet in 

IBD and hint at the most beneficial therapeutic interventions (particularly dietary 

therapeutics) that are described in the final sections of the review. Because of the breadth 

of the subject and the many nutrients that have been found to have an impact on the 
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management of IBD in general and on gastrointestinal inflammation specifical ly, th is wil l  

be a comprehensive rev iew. It  will  include all  known dietary factors that can affect the 

appearance, expression, course and treatment of inflammatory bowel disease (IBD). The 

objective of the review is to provide the reader with a ful l  understanding of how diet may 

affect inflammatory bowel disease before, during and after the disease has been diagnosed 

even though many of these factors wi l l  not be studied any further in the context of thi s  

thesis.  

DIAG NOSIS OF EXCLUSION :  A TRUE DIAG NOSIS? 

180:  a common case of mistaken identity 

IBD in cats is not a common disease. It has been reported as occurring at a rate of 

1 .71 1 000 admissions 1 ,2, but its true inc idence/prevalence is unknown due to the 

difficulties in diagnosis. However, it i s  cons idered the most common c ause of 

gastrointestinal disease in the cat 3.  

The c l inical s igns presented by animals later diagnosed with inflammatory bowel 

disease are non-specific and variab le .  C linical signs have usually been present for weeks 

to years at the time of presentation and have fluctuated in severity. The most common 

cl in ic al signs are vomiting, diarrhoea, haematochezia, mucus in the stools,  weight loss, 

appetite changes and changes in demeanour 
1 -9 

Because none of these signs are 
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pathognomonic for mo, animals have to be thorough ly tested to eliminate systemic 

d isorders (e .g.  renal or hepatic conditions and thyrotoxicosis), other gastrointestinal 

disease than IBO (e .g. foreign body, moti l ity d isorders, neopl asia) or infectious d iseases 

1 0  

Once these tests are completed, the confirmation o f  a d i agnosis o f  IDD i s  usually 

reached when intestinal b iopsy specimens show gastrointestinal inflammation.  There are 

two main aspects of mucosal anatomy to consider when assessing gastrointestinal biopsy 

specimens. One aspect is morphology and morphometry and the other is quantification of 

lamin a  propri a  inflammatory infiltrates. Both of these features ideall y  should be 
. l i P evaluated on wel l  estabhshed reference valu es . -. There have been reports on normal 

morphology and morphometry o f  the small intestine D.I� and colon 1 5  of dogs and more 

recently the colon of cats 16 
using a variety of methods. 

Morphology is u su al ly assessed subjectively, but the re are several methods 

available to quantify changes in morphology. These morphometric methods h ave evolved 

from simple but time consuming measures applied to standard histological sections to 

more sophisticated automated computerized methods. 17.18.  The computerized methods 

measure sUlface area or mucosal volume or a mixture of the two 19. Corazza et al . ( 1 98 5 )  

19, compared manual and computerized methods and found that they correlated very wel l  

when assessing j ejunal b iopsies from p atients with celiac disease. For veterinarians, there 

is an important difference here in that mucosal changes in feline IDD are not as pro found 

as those in h uman celiac disease. Consequently, measuring mucosal differences in feline 

IBO may b e  more difficu lt than in human celiac d isease no matter what the method used . 
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In veterinary science, mucosal morphological changes are considered important when 

dec iding if pathology is present 
20

, but, unless the changes are severe, it is a matter of 

personal opinion as to whether the changes are abnormal or within expected normal 

variation. 

A more difficult h istological procedure is the quantification of inflammatory 

cellular infiltrates .  Salzman ( 1 989) 2 1 , proposed an image analysis method to c ount 

nuclear density in the lamina propria. This method is compromised by the lac k  of 

identification of the type of cel l present in the infiltrate. Lee ( 1 988) 22, u sed a 

computerized point counting method that is more time consuming than the method of 

Salzman ( 1 989) 
2 1 

but allows identification of the type of cel l  present. Unfortun ately 

neither of these methods account for regional variations and the p athologists interpretative 

bias 2 1 ,2 2 . 

In filtration o f  intrae pithelial lymphocytes i s  given prominence in the diagnos is of 

IBD and is usually measured as the number of intraepithel ial  lymphocytes (lEL) per 1 00 

epithel ial cel ls 1 0,20,23. lEL are a heterogeneous group of lymphocytes 24 that vary in  

number and function between the small and large intestine 25 . Cats seem to have a h i gher 

number of IEL than other species 
26 . Functionally, IEL would seem to be an excellent cell 

type to quantify because they are the first l ine of immune cells that are in contact with 

possible antigens although the pathogenic significance of these cells is yet to be fu lly 

elucidated. Unfortunately, counting lEL in standard h istopathological sections may be 

inaccurate because of changes in the proportions of the different intestinal cell 

populations when enterocytes are damaged, the problems of using flat sections to evaluate 
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three d imensional structures, and the variable relationship between cel I  volumes and cel l  

numbers 
27

. These investigators used data from patients with cel iac disease i n  which there 

are prominent changes in the size and shape of vi l l i  and intestinal epithelium. This 

feature of celiac disease would h igh light the inaccuracies reported in the counting of !EL.  

As mentioned previously, the epithel ial changes of cats with IBD are n ot as  severe as 

those of humans with celiac disease . Therefore, perhaps the degree of error in counting 

IEL would not be as large in cats with IBD as reported by Crowe and Marsh ( 1 994) 27 in 

humans with cel iac disease. 

The presence of idiopathic inflammatory infiltrates in the gastrointestinal lamina 

propria have been identified in several species inc luding cats, dogs 
28

, cheetahs 29 and 

primates 30 in association with a variety of gastrointestinal signs. In none of these species 

have specific histopathological abnormalities been identified in the gastrointestinal tract 

of affected animals beyond a subjective increase in the number of Iymphocytes, p lasma 

cel ls, eosinophi ls  and neutrophils in the lamina propria with or without changes in vi l lus 

or crypt morphology. 

Unfortunately, there are many potential causes of this type of mixed inflammatory 

infiltrate in cats. These causes include F IV 
3 1  

and FeLV 32, Giardia infection 33 , 

Cryptosporidium infection 
34

, enteropathogens 
35-3 7

, and gastrointestinal nematodes 10 .  

Helicobacter spp. has been assoc iated with the presence of h istopathological changes in 

cats and dogs with gastrointestinal signs 
38

. However, earl ier reports about Helicobacter 

spp. in healthy animals indicate that this microorganism is common and is not necessarily 

associated with an intestinal cel lu lar reaction 39. Other causes of intestinal lamina propria 
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inflammatory infi ltration are more complex and difficult, at times, to separate from 

idiopathic inflammatory bowel d isease e.g. adverse reactions to food 
40 

and lymphoma 

4 1 ,42 . For instance there are case reports of animals diagnosed with IBD that went on to 

develop lymphosarcoma 34, as wel l  as animals that were diagnosed twice with 

lymphosarcoma but later responded to a dietary change 
43

. The dietary response in the 

latter animals suggests they suffered from an adverse reaction to food rather than 

neoplasia. 

Fel ine hyperthyroidism has been considered to cause inflammatory infi ltration of 

the intestinal lamina propria 4 1 .  Similarly, hyperthyroidism in humans has been reported 

to cause oedema and infi ltration with Iymphocytes, plasma cells and eosinoph i ls of the 

mucosa of the smal l intestine 
44

. This infiltrate was variably responsive to treatment in 

cats and humans. 

An association between inflammatory hepatic disease (cholangiohepatitis), 

pancreatitis and the presence of gastrointestinal Iymphocytic-p lasmacytic infiltration h as 

been found 45,46 .  In th is s ituation it may be difficult to dec ide which disease is most 

important c l inical ly. This poses the question:  how much c linical sign ificance should we 

p lace on the presence of Iymphocytic-plasmacytic infi ltration of the gastrointestinal 

m ucosa, pancreas and l iver. 

Several authors have reported case series of cats showing gastroin testinal c lin ical 

signs in which the main inflammatory infiltrate cell types were Iymphocytes and p lasma 

cel l s  
1 ,2,4, 7,9,43,47,48 

Lymphocytic-plasmacytic enteritis, enterocol itis or col itis, is 
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sometimes used as a synonym for inflammatory bowel d isease because i t  is the most 

common pathological diagnosis found in animals d iagnosed with IBD 
34

,
4 1

,
49

. 

Eosinophi l ic 
8,50,5 1

, h istiocytic 
52

, suppurative 
3

,
53

, ischemic 
52

, and granulomatous 
20,52 

gastrointestinal inflammation have also been reported. However, the concept of 

patho logic d iagnosis based on cel l  type prevalence is controversial 
9,2 0 

because it is 

subjective .  The cl in ical signs of the patient usual ly h int at the site of the gastrointestinal 

inflammation. However, concurrent presence of inflammatory infiltrates in the smal l and 

large intestine has been reported even when c l in ical s igns suggested involvement of only 

one segment of the gastrointestinal tract U9. 

The above studies c learly demonstrate that idiopathic inflammatory infiltrates are 

frequently reported in association with gastrointestinal signs in cats. However, the 

sign ificance of the reported inflammatory infiltrate is debatable for several reasons .  

. 
I h 

. 
b" 1 2 20 4 1  F irst y ,  t e assessment IS su �ectlve " .  No studies that objectively quantifY 

inflammatory infiltrates in cats with gastrointestinal signs have been publ ished . 

Furthermore, morphometry is not used in cats with gastroenteric disease to aid d iagnosis. 

This is unfortunate because it has been shown in  people that the experience of the 

patho logist does little to increase reI iab i lity of the subjective assessment whereas 

morphometry sign ificantly reduces inter-observer variation in the assessment of intestinal 

vi l l i  atrophy 54 . Secondly, the factors that affect and modifY the normal range of cel lu lar 

infiltration of the lamina propria are poorly understood. Thirdly, there is l ittle correlation 

between the magnitude of i nflammatory infiltrate in the intestinal lamina propria of cats 

and the severity of c l in ical s igns or response to treatment 
1 . Little correlation has also 

been reported between the magnitude of the inflammatory infiltrate and the severity of 
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. d '  f h 
. 

I 
55 

d d 49 56 57 macroscopIc en OSCOplC assessment 0 t e mucosa m peop e , cats an ogs " .  

However, Dennis, Kruger and Mullaney ( 1 993) 
2 

fou nd that most cats with petechia and 

hyperaemia of the colonic mucosa had severe histopathological infiltration of 

lymphocytes and plasma cells of the colon. It i s  uncertain if this is a cause and effect 

phenomenon or just a coincidence. Most of the cases reported in this series h ad severe 

h istopathological changes. However, colonic absorptive function has been found to 

correlate inversely to the level of leukocyte infiltration in people 
22 . 

Procuring biopsy specimens also presents many difficulties. Most gastrointestinal 

b iopsy samples are obtained endoscopically. Th is means that the tissue samples are small 

and need to be of h igh  quality to be amenable to correct interpretation 
58 . Furthermore, 

some areas of the gut are not accessible with the standard endoscopes and local ized 

lesions can be completely missed. In addition, endoscopic b iopsy can induce some 

artefactual h istological changes. Spinato, Barker and Houston ( 1 990) 
1 5  

have shown 

endoscopic b iopsy specimens o f  canine colon to have shorter crypts and reduced numbers 

of intraepithel ial lymphocytic and goblet cells when compared to the colonic t issue 

obtained by incisional biopsy at necropsy from the same animal and from the same area of 

the gut. 

Most veterinary case reports have used a subjective and at times i l l -defined system 

to grade gastro intestinal inflammation. Mi ld, moderate and severe inflammation can have 

d ifferent mean ings to different people and the grade assigned is often based on personal 

experience and not on an objective quantitative method. Although it is commendab le that 

some authors have used and published grading systems 
23 

(e.g .  for cani ne col itis), they are 
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hard to use i n  an objective manner because the method by which some parameters are 

assessed is not described in  detai l .  Wilcock ( 1 992) 20, has publ ished also some guide l ines 

for the interpretation of b iopsy samples from the gastrointestinal tract of cats and dogs but 

no definitive criteria for norrnality have ever been pub l ished. Recently, typi fication by 

immuno-histochemistry of lymphoid cel ls  and other leukocytes in the gastrointestinal 

tract of healthy dogs 
59

, dogs with IBD 60 , dogs with other enteropathies 28 , and healthy 

specific pathogen free cats has been reported 26.6 1
. These reports are important 

contributions to the understanding of gastrointestinal h istology and pathology, but their  

usefulness for d iagnostic purposes remains to be seen. 

The last question to answer is what the mean ing of ce llu lar mucosal changes is .  

Even a rel iable measurement of the severity of lamina propria  infi ltration does not 

necessarily represent a usefu l  d iagnostic tool .  Lymphocytes and other inflammatory cel ls  

are fulfi l l ing a defence function for a gastroi ntestinal tract being continuously bombarded 

by antigens. These antigens vary with d iet 62 , intestinal flora 63 and many other factors 

related to gastrointestinal function. Unti l  a wider knowledge of the factors that affect the 

infi ltration of the intestine with inflammatory/defence cel ls is gained, the d iagnosis  of 

IBD wil l  be  fraught with d ifficu lty. 

In summary, i nflammatory bowel disease is by necessity a d iagnosis of exclusion 

because many harrnful influences on the gastrointestinal mucosa can induce 

gastrointestinal c l inical signs, cause damage to intestinal structures and increase cel lu lar 

infi ltration .  As there are no means of definitively d iagnosing the d isease, the c lin ician i s  

left with testing for and el iminating other infectious or  systemic causes of  gastrointestinal 
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i nflammation. The assessment o f  cel lu lar infiltration i s  subjective and the factors that 

affect this infiltration are mostly unknown . Gastrointestinal inflammatory cel ls can fulfil 

a defence function and the gastrointestinal mucosa i s  in permanent contact with pote ntial 

noxious stimu l i .  As a result, it i s  important to understand what makes these cells locate in 

the lamina propria, what the range of normal ity for the degree of cel lu lar infi ltration is 

and what factors produce this normal variation .  Unfo rtunately, this information i s  not yet 

available. 

EPI DEMIOLOGY 

Pred isposing factors. Chance or culprits? 

Diagnosis of IBD in humans has been steadi ly  increasing in the last few decades 

64 This  is also true of fel ine IBD 
4 1

. Epidemiological studies are done to help find the 

cause of d iseases and to identify exacerbating and associated factors. There are more than 

1 00 studies published on the epidemiology of IBD in humans 
65. However, to my 

knowledge, no epidemiological studies of large numbers of cats and dogs with IBD have 

been carried out. The difficulties inherent in the epidemiological study of an infrequent 

d isease that is a d iagnosis of exc lusion and requires a h igh level of expenditure and the 

appl ication of advanced technology for proper d iagnosis is discussed by Calkins ( I  986) 
64

. 

These problems are only the more ev ident in the veterinary field. Many of the earl ier 

epidemiological reports on risk factors for I B D  in people have been critic ized because of 

the methodology used and the large number of i nconsistenc ies in results 65 . In the last 
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decade, however, the use o f  multi centre collaborative studies has gained popu larity i n  the 

epidemio logical study of human IBD and has provided better epidemiological information 

66
. Despite this  improvement the cause of IBD has remained e lusive. A summary of the 

most important epidemio logical factors that have been studied in human IBD and the 

epidemiological features ofthe disease in animals  are presented in the fol lowing section . 

Sex 

Crohn's disease has been found to be sl ightly more common in women than men 

whi le men suffer ulcerative co l itis more often than women 
67

. The sex pred ispos ition 

does, however, seem to vary with the date of the study and the geographic location of the 

patients 
64

. It has been suggested that these d ifferences are due to the changing smoking 

habits between women and men in the last two decades 
68

. Most veterinary reports do not 

'd 'fy d · · · ·  fi IBD 
1 2 7 47 48 

H 
. 

th " h h I entl a sex pre Isposltlon In cats or ' " ' . owever, In e case senes Wit t e 

h ighest number of cats, male cats seem to be affected more often 
3 ,5,9

. The physio logic 

processes by which a patient's sex can affect the expression of disease are unknown. 

Age 

Descriptive statistics in humans reveal a b imodal age d istribution in patients with 

IBD, with a peak in early adulthood and a smal ler peak between 55 and 65 years 
64, 67-69. 

In the veteri nary fie ld, it is commonly believed that IBD manifests more often in m iddle 

aged or o lder cats 
4 1 . This belief i s  supported by those stud ies of fel ine IBD which 

d isclose the age of the cats studied 
1 ,3 ,

5.4 7
. Occasional ly, very young animals have been 

d iagnosed with IBD (Tarns, 1 993). I n  th is respect, there are a few points to consider. 

One is the waxing-waning course of fel ine IB D  
1 0

, which may delay the d iagnosis unti l 
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later in the cat's l ife when the owners are sure that i s  not a transient gastro intestinal upset. 

A lso of note is that it is difficult to differentiate IBD from adverse reactions to foods 40 

and gastrointestinal lymphoma 34. These d iseases may confuse the age distribution of 

IBD because adverse reactions to food can occur at any age and neop lasia is more 

common in aged cats. 

Race and breed 

In humans the pred isposition of some races to IBD has been reported 68. It is 

important to note, however, that the environment has an interre lationship with the genetic 

predispos ition. For example, Jewish people of European origin have a h igh prevalence of 

the d isease but not if they have been born and l ive in Israel 70. Similarly African­

Americans have a higher rate of the d isease than Africans l iving in Africa 69 . 

Interestingly, the geograph ical differences in the prevalence of IBD seem to be becoming 

smal ler in parallel with economical and technological development 67 .  It is uncertain if 

such 'development' truly affects the prevalence of the disease or the ease with wh ich it 

can be diagnosed. 

No breed predisposition has been identified in fel ine IBD 6.4 1 although the 

possibi lity that pure-bred cats are more susceptible has been mentioned 
1 2 . It is possible 

that the identification of breed predisposition has been obscured by the relative 

infrequency of the disease and the preponderance of cross-bred domestic cats in the 

population. 
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Further detai l on the genetic basis of IBD can be found in the section on causal 

factors. 

Allergic disease and respiratory infections 

Gilat et ai, ( 1 987) 
71 

found that atopic eczema and respiratory infections were 

more common during chi ldhood in patients with IBO than in healthy controls  or patients 

w ith d iseases other than IBO.  The former association is an interesting finding because it 

raises the poss ibil ity that patients with IBO may have a state of over-responsiveness to 

common antigens, potentially inc luding dietary antigens. However, in the same study, the 

prevalence of asthma, hay fever, m i lk allergy and other food allergies were no different  

between patients and controls.  In contrast, Glassman et  al ( 1 990) 
72

, observed an 

assoc iation between cow's mi lk sens itiv ity and u lcerative colitis in people with IBO.  

Seasonal ity in onset of u lcerative co l itis has been reported and may indicate an 

assoc iation with environmental agents, possibly allergens 
73

. No assoc iation between 

allergic d isease, respiratory infections and IBD has been reported in cats although a recent 

study 
40 

demonstrated the strong sim ilarity (both c l in ical and pathological) between food 

sensitivity and IBD in  cats . Furthermore, atopic disease is not as wel l  defined in cats 

making it d ifficult to study the relationship between the d iseases. Viral respiratory 

infections, on the other hand, are common in the fel ine population. Therefore it wi l l  be 

hard to demonstrate if an association between IBD and viral infection exists . 

Other infectious agents have also been suggested as possible culprits in the 

generation of chronic gastrointestinal inflammation.  The measles v irus has been found in  

lesions of Crohn's d isease in  people but not in controls 
74 

Mycobacterium 
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However, conclusive evidence IS 

Breast feeding and gastrointestinal disease 

It has been proposed that breast feeding is protective against subsequent 

development of IBO in humans 
77

, perhaps because breast mi lk is considered also to 

reduce the risk of gastroenteritis . . However, G i lat and coworkers ( 1 987) 
7 1 

in a 

multicentre study d id not find that gastroenteritis in the first year of l i fe was more 

frequent in patients with IBO than controls nor that breastfeeding was protective against 

IBO .  On the contrary, Koletzko et al ( 1 989) 
78 showed an increased risk of Crohn's 

disease in ch i ldren fed mi lk formu la and those who had experienced bouts of diarrhoeal 

disease . Only the latter group had an increased risk of ulcerative col itis 
79

. In both these 

studies, unaffected sibl ings were used as controls to reduce the confounding effects of 

genetic and environmental background.  

Stress 

Stressful situations have been assoc iated with IBO in humans and cats. Tarns 

( 1 993) reports that bouts of IBO occur commonly around queen ing and other stressful 

situations. Stress is known to affect gastrointestinal moti lity 80,8 1 
and neural influence on 

the inflammation of IBO has long been recognized 82 . However, stressful events during 

chi ldhood were not found to be risk factors by Gi lat et. al . ( 1 987) 
7 1

. A prospective study 

of human lBO 83 
found a weak association between disease exacerbation and mood 

changes but no causal relationship could be estab l i shed. S ingular stressful l ife events were 
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also not a sign ificant factor in d isease exacerbation.  However, sustained stress has been 

h b . 
84 

S own to e Important . 

An experimental study of rats found that colitis in of itself rendered the colon 

more susceptible to the effects of stress 
85

. The same study documented increases in 

myeloperoxidase activity (a commonly used parameter of inflammation) immediately 

after the stressfu l  event. 

Smoking 

Epidemiological studies have consistently shown that smoking IS protective 

. 
I 

. 
I" b '  h '  k f C h ' d' 

67 86 
agamst u ceratlve co ItlS  ut mcreases t e ns 0 ro n s Isease ' . Furthermore 

quitting smoking is assoc iated with the onset of u lcerative colitis and smokers show a 

dose-response pattern of u lcerative col itis signs 
87

. Childhood passive smoking decreases 

the risk of ulcerative col itis 88 . Exposure to c igarette smoke was found to aggravate 

experimental col itis in rats 86 
especially in models of granulomatous inflammation such as 

occurs in Crohn's  disease. 

The mechanisms by which c igarette smoke changes the risk of IBD have not been 

e lucidated.  Th is lack of understanding of the pathophysiology involved and the presence 

of some conflicting studies has produced scepticism by some about the effect of c igarette 

smoke on IBD 89
. However, tobacco smoke, which contains thousands of potential ly 

b ioactive substances, has been found to inh ibit the release of some cytokines 
9 0  

and inhibit 

mucus synthesis 
9 1 . Nicotine has even been tried as a new complementary treatment in 

u lcerative col itis 
92

. Nicotine has extensive effects on the gut affecting permeabi lity, 
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motil ity and immune function 
86

. The reason why cigarette smoke would affect Crohn's 

disease and ulcerative colitis in opposing ways is unknown. 

Diet 

Due to the direct contact between what a person or an imal eats and the mucosa of 

the gastrointestinal tract, d iet has long been considered an important factor in IBD. This 

is even more so if we consider that d ifferences mentioned between ethnic groups can be 

attributed , at least partially, to d ietary d ifferences 
64

. Yet, in spite of years of research, no 

d irect relationship between IBD and d iet, d ietary intolerance or sensitivity has been found 

93 ,94
. Although, cow m i lk allergy has been reported to occur more often during ch i ldhood 

in  IBD patients than in controls 
72 . 

C ro h n's Disease 

An early study of the d iet of Crohn's  disease patients found that they consumed 

increased levels of starch, energy and sugar when compared to healthy controls. In this 

study not more than a year had past from onset of disease (which reduces concern about 

the patients recollection of their diet) and controls were included that h ad been matched 

by age, sex and socioeconomic background with the Crohn's  disease patients 95 . Other 

retrospective studies have shown similar results regarding sugar consumption 
96-99 

although they differ in the average time since diagnosis from 3 months to 1 0  years . In 

contrast, Jarnerot ( 1 983) 1 00 found that the increased consumption of sugar by Crohn's 

d isease patients occurred after onset of disease and therefore cou ld not be considered a 

causal effect. Sonnenberg ( 1 988) 1 0 1  tried to correlate the geographical and temporal 

incidence of the disease with the geograph ical and temporal variation in amount of sugar 
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consumed. No correlation was found .  In contrast, a prospective study of pat ients 

(diagnosed within 6 months of the start of the study) showed the Crohn's  disease patients 

to have increased carbohydrate, sugar and starch consumption in comparison to healthy 

controls matched for age, sex and c ity of residence 
1 02 . These findings suggest that the 

increase in carbohydrate consumption was a result of the d isease and not a risk factor. 

A reduced intake of fruit and vegetables has been reported in Crohn's d isease 

patients during childhood 
7 1 

and later in l ife 
95

,
96 

as wel l  as an increase in fast food 

consumption 
99 

when compared to h ealthy controls .  Margarine and breakfast cereal 

consumption does not appear to lead to any h igher or decreased risk of Crohn 's disease 

97,99. 1 0 1  

U lcerative colitis 

Dietary fibre is thought to improve the health of the large intestine but several 

studies ind icate that sufferers o f  ulcerative colitis have a simi lar consumption of dietary 

fibre (as cereal, fruit and vegetable fi bre in one study or l ignin, cel lu lose, pectin and gum 

arabic in another study) to healthy controls 
1 02, 1 03

. However, one study has suggested that 

consumption of vegetables decreases the risk of the d isease 
99

. Increased consumption of 

energy, carbohydrates, fast foods and protein  has been observed in u lcerative col itis 

patients when compared with healthy controls 
99, 1 02 . 

Constraints of dietary epidemiology 

Difficulties can be encountered in retrospective dietary epidemiology studies 

because they must rely on memory. Pet owners may h ave d ifficulty recall ing what they 
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had fed their  pets. This is compounded by the wide availab i l ity of pet foods with frequent 

variation in composition and presentation with in a s ingle brand and flavour. Other factors 

that are l ikely to decrease the val idity of d ietary recal l include the presence of several cats 

in the house, roaming and hunting, more than one person feeding the animal and ad-

l ib itum feeding. Recall of food consumption in people is thought to be reliable for up to a 

month \04 . There is always a ' recall b ias' towards the present d iet and systematic errors 

can occur as a result of tendencies to overestimate or underestimate quantities 1 04 . 

Retrospective studies also presume a constant diet, which is certainly not the case for 

humans and most animals. The presence of disease could also have altered the diet 

Tragnone et al .  ( 1 995) 102reported that Crohn 's d isease patients change their d iet and 

avoid certain foods during the course of the disease. These biases are compounded by 

individual and i nterindividual variation in dietary intake and by the fact that in many 

chron ic diseases (such as IBO) dietary associations are unl ikely to be strong \ 05 . 

Associations between d ietary factors and risk of disease are usual ly attenuated by 

1 06 d I ·b · d · h b d 107 U C". I · 
. 

measurement error an ca I ratIOn stu les ave een propose . n lortunate y, It I S  

d ifficult to demonstrate the validity o f  a retrospective d ietary intake assessment 1 08, \ 09 . 

Good study design is critical to overcome or reduce these difficulties. Important factors 

include the number of patients studied, appropriate case selection ,  suitable control groups, 

awareness of confounding factors, methods to e l iminate or quantify their effects and 

avoidance of b ias originating in the recall of the dietary information or in  the investigator 

104, 1 09 . The final task is to establ ish a plausible connection between the epidemiological 

findings and the pathophysiology of the d isease being studied . To date th is connection 

has not been convincingly demonstrated in humans or animals with IBO. 
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Miscellaneous 

IBD has increased incidence and prevalence in developed countries and h as 

fo l lowed technological development. People with higher education, l iving in urban areas 

and in professional or managerial jobs are over-represented among IBD patients 64,66,67, 

Interestingly the parents of human IBD patients were most commonly of a lower social 

c lass and less educated than controls 7 1 , S ince IBD is  a disease that requ ires referral for 

d iagnosis and the use of expensive diagnostic too ls, true p revalence in less developed 

nations or regions may be difficult to ascertain ,  This is also true of the veterinary field, 

For instance, fel ine IBD was rarely d iagnosed in  New Zealand  until the advent of routine 

use of duodenoscopy in 1 990 (Gui lford, 2002, personal communication) 

Oral contraceptives and ingested toothpaste have been reported to increase the risk 

fC h ' d' h 'l d ' I ' 1 " 64 66 67 71 o ro n s Isease w I e appen ectomy protects agam st u ceratlve co ItlS ' , , , 

A fami lial predisposition for both Crohn's  disease and u lcerative col itis has been 

documented and first and second degree relatives have a h igher incidence and prevalence 

of the same d isease (concordance) 69,7 1 ,89 , However, the h igher frequency of disease 

among family members does not separate genetic from environmental factors 1 1 0, A 

complex segregation analysis of Crohn ' s disease patients and their fami l ies identified the 

presence of a recessive gene with incomplete penetrance I l l
, which explains the h igher 

frequency of IBD in offspring  whose parents both suffered from IBD 1 1 0
, Twin studies 

have shown h igher concordance for identical twins but this  is not complete suggesting the 

environment influences the expression of the disease 64,66, 1 1 2 , An interestin g  finding 

h igh l ighting the interplay between the effects of the environment and genetic 
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predisposition was reported by SoderllOlm ( 1 999) 
1 1 3

. These researches found that 

spouses of Crohn's d isease patients have abnonnal gastrointestinal penneabi l ity more 

commonly than relatives that were not l iving in the same house as the patient. However, 

the response of the relatives to a mucosal barrier-disrupting agent was simi lar to the 

patients, whi le the spouses responded in the same way as healthy contro ls. 

More recent research at a mo lecular level has identified potential genes that may 

be involved in lBD 
1 1 4, 1 1 5

. However, these genes are not widespread in the human IBD 

population and the presence of  faults in some of  these genes would most l ike ly protect 

against lBD rather than predispose patients to the d isease. As an example NOD2 

abnonnalities have been found in approximately 1 5% of the !BD population 1 14 but these 

gene faults would reduce inflammation not predispose to it 
1 16

. Therefore, much research 

is sti l l  required in th is fie ld to be able to use this information for the benefit o f  IBD 

patients. 

CAUSAL FACTORS 

Genes, leaks a n d  bugs team up agai nst the g ut. 

Inherited defects 

Genetic influence on the presence or expression of human !BD is an intense area 

of study. The familial predisposition to both of these d iseases in people and the increased 

incidence and prevalence in certain  groups, e.g. Jewish people, has already been 
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mentioned. Invariably the effect o f  genes cannot be completely separated from the 

environmental effects but the increased risk of d isease developing in certain  races 
70 

and 

in c lose relatives l I D indicates that genetic make-up is important in the aetiopathogenesis 

of IBD. Further evidence supporting a role for genetics in IBD is the knowledge that IBD 

accompanies other human genetic diseases l ike Turner's syndrome, ankylosing 

spondylitis and Hermansky-Pudlak syndrome 
93

. 

Hypotheses about the actual genes involved in IBD have varied from polygenic 

systems 
93 

to simple recessive genes w ith incomplete penetrance I l l
, to the identification 

of chromosomes ( 1 6  and 1 2  of the human genome) that are l inked to IBD 1 l 7. 

Unfortunately in veterinary science the c losest that we have come to identify a 

genetic predisposition to inflammatory bowel diSease is the various breed predispositions 

that have been identified in dogs. These include the granulomatous u lcerative col itis of 

Boxers, which share characteristics with Crohn 's colitis 
1 1 8

, the immunoprol iferative 

enteropathy of Basenj i s  1 1 9 and the protein-loosing enteropathies of various breeds such as 

Lundenhunds 1 20 
and soft coated wheaten Terriers 1 2 1 . In cats, no breed predispositions 

have as yet been identified. 

Animal models of IBD have also provided proof that the genetic background of an 

animal can in itiate gastro intestinal disease alone or in combination with specific 

environmental factors . Some animal models of IBD are spontaneous whi le others are the 

product of genetic man ipulations that affect the immune system. In  many of the latter 

mode ls, the sine qua non condition for disease to occur is the presence of bacterial flora 
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63 , 1 2 2- 1 24 These models c learly demonstrate the importance in IBO of the interplay 

between a genetic defect and an environmental factor (in this case the normal flora). 

Precisely how genetic defects lead to IBO is also the subject of intensive 

investigation. Some genetic studies have focused on trying to identify changes in cytokine 

genes that can affect the m anifestation and expression of IBO. This is l ikely to be a 

fru itfu l  approach because cytokines are regulatory chemicals that contro l inflammation, 

are genetically determined and show considerable genetic polymorph ism 1 25 . Murine 

models of IBO have been c reated by deletion of the genes that control the production of 

IL-2 and IL- l  0 causing immune dysregulation 
1 2 5 

In the search for an inherited dysfunction of the intestine, it has been reported that 

perhaps an inherited defect in intestinal mucosal barrier is the cause of IBD 
1 26 . Increased 

permeabi l ity in Crohn's d isease patients and unaffected first degree relatives has been 

found 
1 27 

but not conclusively proven 
1 28 . Using the lactulose/mann itol ratio, Soderholm 

( I  999a) 
1 28 

showed that baseline permeab i l ity in spouses of Crohn's  d isease patients was 

h igher than in first degree relatives. However, the response to an agent capable of 

intestinal barrier d isruption was h igher in patients and relatives, but lower in  spouses and 

healthy contro ls .  Hence intestinal barrier dysfunction m ight be one of the ways genetic 

defects predispose to IBO. Further support for this hypothesis comes from one of the 

more recent models of IBO in mice. Th is mode l is produced by malfunction of the N­

cadherin gene. As a result, there is disruption of intestinal tight junctions 63 
It i s  

uncertain if N-cadherin d ysfunction is important in human IBO. The potential 
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mechan isms b y  wh ich intestinal barrier dysfunction could be involved in IBO are 

discussed in the next section . 

Mucosal barrier defects 

The effectiveness of the gastrointestinal mucosal barrier can be reduced by 

increase leakage of luminal substances, by disturbances of oral tolerance and by increased 

antigen presentation by the enterocytes. Each ofthese defects wi l l  be d iscussed 

separately in the fol lowing sections. 

Increase leakage of proteins and peptides 

Intact protein and peptides in quantities that could be immunological ly sign ificant 

cross the gastrointestinal epithel ial barrier and can be detected in the general c irculation in 

healthy animals and man 1 29- 1 33 . This phenomenon was first reported in 1 936 by L ippard 

134. In fact, in vitro experiments have shown that up to 1 0% of intact prote in can pass 

intact across a human co lonic epithel ial monolayer 1 35 . Some of these proteins or peptides 

wi l l  cause the formation of specific immunoglobul ins without causing cl in ically re levant 

i l l  effects in healthy people. Interestingly, no correlation was found between the levels of 

antigen-specific immunoglobul ins (IgG and IgA) and the amount of protein antigen 

detected in c ircu lation in healthy men 1 30 . Antigen-specific IgE has been found in the sera 

of healthy rats after protein  feeding 1 36 but healthy humans did not h ave s ignificant 
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quantities of antigen-specific IgE in their  serum when compared to peop le suffering from 

adverse reactions to food after challenge 
1 32 . Human IBD patients do not appear to show 

higher levels of d ietary protein-spec ific IgE 
93 

although increases in IgE immunocytes 

have been shown in the rectum of human patients with JBD 
1 3 7 

and small intestine and 

colon of dogs with IBD 
60

. 

The production of IgE is considered to be one of the immune responses most 

effectively suppressed by antigen feeding and resultant oral tolerance mechan isms 
1 38

. In 

healthy indiv iduals oral tolerance (see later) decreases absorption of antigens probably  by 

increasing the production of IgA 
1 34, 1 3 9

. This makes sense because one of the cytok ines, 

Transforming Growth Factor-beta (TGF-beta) that is involved in oral to lerance to dietary 

antigens is also involved in the switching by B Iymphocytes in the Peyer Patches to IgA 

d . 
1 39 

pro uctlon . 

D isease and or injury can increase the permeabi l ity of the intestinal barrier. The 

increase in macromolecular permeabi l ity has been perhaps prematurely associated with 

the aetiopathogenesis of several gastrointestinal diseases 
1 40- 1 42 . However, even if n ot the 

main cause of the d isease, the increased permeabi lity may be an important factor that 

perpetuates the inflammation 
1 26

. Intestinal permeabi l ity has most commonly been 

measured using inert substances and sugars of d ifferent mo lecular weights. 

Unfortunately, the permeabi lity measured by these methods has not been shown to be 

representative of the passage of large antigenic molecules, such as proteins 
1 42, 1 43 . In 

chi ldren with acute gastroenteritis and in dogs with diet-responsive intestinal disease, 

intestinal permeabil ity has been measured by the lactulose/mann itol or lactulose/rhamnose 
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Similar 

techniques have been also tested in healthy cats 
1 46 . However, in rats the gastrointestinal 

uptake of intact protein does not correlate wel l  with the lactulose/rhamnose excretion ratio 

1 47
. Nor is there a good correlation in Crohn 's disease patients between dextran and 

ovalbumin intestinal uptake, even when they have a simi lar d iameter and molecular 

weight 
1 28 . These methodological concerns contribute to the difficulty in determining the 

importance of intestinal permeabi lity in chronic gastrointestinal d iseases such as IBD. 

Turner et a l .  ( 1 988) 
1 4 7 

and Berin et al .  ( 1 997) 
1 4 8

, showed that non-spec ific and 

antigen-spec ific systemic sensitization to ovalbum in and horseradish peroxidase 

respectively, increased the uptake of intact protein by the enterocyte. Gut hypersensitiv ity 

reactions 
1 47 

(with mast ce l l  activation) that occur after feeding antigenic protein (to which 

an an imal is sensitized) had the same effect but there is also an increase in the uptake of 

antigen via the paracel lu lar route. This enhanced antigen transport has recently been 

associated with the presence of IL-4, IgE and CD23 expression on the enterocyte 
1 49

. 

Crohn 's  disease patients have been reported to show an increase passage of intact protein 

(horseradish peroxidase and ovoalbumin) through the upper smal l intestine mucosa and 

the i leum 
1 1 3, 1 50 . Interestingly the study with horseradish peroxidase found that the 

increase passage of protein occurred mainly in patients with a moderate to severe index of 

inflammation and the defect was not present in non affected areas I S0. The inference is 

that the presence of inflammation may have been the determinant factor of the increase of 

intact prote in crossing the intestinal barrier, but if a hypersensit ivity reaction was involved 

it was not investigated. However, the study using ovoalbum in found that the passage of 
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intact protein was present also in healthy i leal mucosa from Crohn 's disease patients 

suggesting that an increase in passage of intact prote in could be a primary defect 1 1 3 . 

Chronic inflammatory conditions of the intestine are characterized by the 

production of many d ifferent cytokines that affect the immune cells of the gut and the 

intestinal epithel ium. Interferon-gamma (lFN-gamma) has been found to directly affect 

the paracel lu lar route of epithel ial transport by inh ib iting the Na-K-A TPase which 

downregulates the tight junction proteins occludin and ZO- l 1 5 1 , 1 52 
and by altering the 

actin cytoskeleton in the apical region of the epithelial cel ls 1 52 . This explains earl ier 

observations that IFN-gamma increases the flux of mann itol and inulin through intestinal 

mono layers 1 5 1 . 1 53 . Although there are some in itial reports that indicate that I FN-gamma 

does not increase the passage of macromolecu les through the intestinal mucosa 1 54
. 

However, more recently it has been found that IFN-gamma does increase the formation of 

peptides from exogenous proteins in a human intestinal cell  l ine, an indication of 

. 
d 

. 
h I · I 1 3 5 

mcrease transeplt e la transport . 

It should be noted that IFN-gamma is one of the main inflammatory products in 

human IBD 1 5 5  
and its concentration is strongly related to severity of d isease 

1 56
. In 

addition, it also has important effects on the efficacy with which epithelial intestinal cel ls  

can act as  antigen-presenting cel ls (see later) . 

In summary, if  an increase in intestinal permeabi lity i s  part of the pathogenesis of 

chronic gastrointestinal d iseases, it appears that the increased permeabi l ity needs to be 
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part and parcel of a dysregulated gut immune response, (including the abrogation of 

protective mechanisms l ike oral tolerance) for c l in ically s ignificant disease to develop . 

Disturbances of oral tolerance 

The phenomenon of oral tolerance was recognized at the beginn ing of the century 

when Wel ls ( 1 9 1 1 )  showed that feeding egg protein to guinea p igs reduced anaphylactic 

reactions to ovalbumin 
1 5 7

. Since that time, more understanding of the mechan isms of 

oral tolerance has been gained but it is surprising that the control and intricacies of this  

vital process are on ly now starting to emerge. Oral tolerance refers to  the process by 

which systemic admin istration of an antigen that has been previously given orally causes 

no recogn izable immune response 
1 5 8

. Considering that the gastrointestinal system is in 

intimate contact with microorganisms and their metabol ic products and a large number of 

dietary proteins and peptides, it  is fortunate that a system is in p lace to d ifferentiate the 

dangerous from the innocuous. The importance of derangements of oral tolerance in 

chronic inflammatory gastrointestinal diseases is unknown but it seems l ikely that 

dysfunctional oral to lerance could contribute to the chronic inflammation seen. 

For example, it has been shown in m ice that pre-treatment with cyc lophosphamide 

or 2' -deoxyguanosine to inhibit suppressor cel ls (as described later these are an important 

cel l  mediator of oral tolerance) e l iminates the normal lack of response to fed protein and 

produces a cell-mediated inflammatory response in the gut wall 1 58, 1 59
. M igration 

inhibiti{)n of mesenteric lymph node Iymphocytes was also observed in m ice w ith 

cyclophosphamide abrogated oral tolerance 1 60 ind icating immune activation.  
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Oral tolerance involves recognition of d ietary antigens. In this respect, it is 

important to note that although most antigens are proteins and the main sources of 

proteins in foods are meats, eggs and dairy products, other components of feeds can also 

provide antigenic material. Cereals contain small amounts of proteins that can be the 

source of immune responses in the gut as it occurs in celiac disease i n  humans 
1 6 1 

and 

gluten hypersensitivity of Irish Setters 
1 6 2 . Oral tolerance to wheat and maize protein in 

mice showed different fractions produce d ifferent antibody responses and different levels 

of oral tolerance 
1 63 . Some of these fractions have been involved in food anaphylactic 

reactions and atopic dermatitis in chi ldren 
1 64

. Cereal protein food adverse reactions have 

been reported in dogs and cats 
40, 1 6 5, 1 66 . In add ition, d ietary fibre can also be a vector of 

antigens; small amounts of peptides are present in gum arabic, which are also subject to 

oral tolerance 
1 67

. 

Abrogation of oral tolerance has been shown also as a result of non-specific 

stimulation of the immune system by oestrogen injection, induction of graft vs. host 

reaction, or intraperitoneal injection of an adjuvant. In these models a delayed type 

hypersensitivity reaction in the gut wall was confirmed 
1 68, 1 69 . Parasitic infections have 

also been shown to abrogate oral tolerance 
1 70. Zhang and M ichae l  ( 1 990) 

1 7 1
, showed 

that IFN-gamma abrogates oral to lerance possibly by heightening the capacity of 

enterocytes to present antigens (see later). In add ition, in vitro exposure of T cells from 

tolerant animals to a pro-inflammatory cytokine such as interleukin-2 
90 

restores antigen 

responsiveness 
1 57, 1 72 . Recently it has also been reported that IL l 2, the most important 

determinant of tissue damage in Crohn ' s  disease, can abrogate tolerance by acting as a 
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th ird signal in the activation of naive cytotoxic lymphocytes (CD8+) by peptide antigens 

abrogating to lerance 1 73
. Collectively, these observations show that various inflammatory 

processes can abrogate oral tolerance . 

Gut wall cel l -mediated-immune (CM l) reaction produced by the abrogation of oral 

to lerance has been measured indirectly using the microdissection technique [Mowat, 

1 98 1 ;  Mowat, 1 986] and compared with the changes observed in two other models of 

cel l -mediated immunity in the intestine -al lograft rejection and graft-versus-host reaction 

1 74
. The microdissection technique was able to detect significant h istological d ifferences 

that were not seen in standard h istological preparations. The CMI reaction i s  

characterized by an increased number of IEL,  increased mitotic activity of crypt cells and 

an increased crypt cel l  production ratio. These were the most early and sensitive changes. 

In add ition , increased crypt depth was also observed . The microdissection technique is 

not commonly used in the assessment of gastrointestinal pathology but may be able to 

identifY an imals with non-specific changes of I ymphocytic/plasmacytic enteritis from 

those w ith a delayed hypersensitivity reaction to luminal antigens. 

If a fai lure of oral tolerance is important in the pathophysiology of IBD, the 

m issing l ink is the method by which sensitization to luminal antigens occurs in c l in ical 

cases. Most experimental work on oral to lerance has involved systemic sensitization 

except for some recent models of oral sensitization with d ietary antigens using cholera 

toxin as adjuvant 
1 75

. Some d ifferences between systemic and mucosal sensitization were 

shown. Dose of antigen, mode of tolerization (gavage or drinking water) and type of 

immunization (systemic or oral) were important variables. Spec ific and bystander antigen 



37 

directed production of IgE was reduced more effective ly with lower doses of antigen 

administered orally and repeatedly  for 3 weeks. As th is work shows, d ietary and bacterial 

antigens seem to be treated differently by the gastrointestinal immune system. F ed 

bacterial products have been found to be very effective in producing systemic antibody 

responses due to their lectin or lectin-li ke b inding activities 1 76, 1 77 . Importantly bacterial 

antigens may be able to interfere with tolerance to dietary antigens, as the previous work 

with cholera toxin seems to suggest. 

There are three mechanisms of oral tolerance that are wel l  documented: active 

suppression, deletion, and anergy 
1 5 7, 1 78. The separation between these three does not 

mean they do not overlap in vivo 
1 79, 1 80

. The dose of the antigen fed is one of the principal 

determinants of the mechanism of oral tolerance that predominates. Active suppression 

usually results from single or repeated low doses of proteins or haptens. In this situation 

the exposure to the antigen gives origin to a specific population of suppressor T cel ls in 

Peyer Patches (PP) 
1 8 1 

that p roduce non-specific suppressive cytokines l ike (TGF-beta), 

and interleukin 4 and J 0 (IL-4 and IL- J 0) 
1 5 7, 1 8 1 . 1 82

. Dendritic cel ls in PP can drive the 

production of IL- J  0 by T cel ls 
1 80

. IL - J  0 in turn induces tolerance of dendritic cel ls to 

specific peptides 
1 83

. The lack of antigenic specificity of the cytokines allows bystander 

suppression 
1 57

. It is generally accepted that it is more difficult for oral tolerance to 

prevent humoral responses 
1 84, \ 85 

than cel lular immune responses, with the exception of 

those involving IgE. Anergy or c lonal deletion of lymphocytes involved in both arms of 

the immune response: (humoral and cel lular) is produced only b y  feeding large doses of 

antigen 
1 38, 1 5 7

. The active mechanism of oral tolerance (that requires repeated low doses 

of antigen) is the mechanism that predominates with d ietary antigens 
1 78 . The active 
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mechanism of oral tolerance is also, because of its bystander suppression effect, the one 

that offers more promise as a therapeutic tool in gastrointestinal d isease. 

Exactly how oral tolerance is initiated is not known, but CD4 T Iymphocytes are 

indispensable to the process I 72 as are healthy enterocytes 1 7 1 . Lack of intraepithe l ial 

Iymphocytes ( IEL) in animals that have had cholera toxin given in conjunction with a 

tolerogen ic antigen is associated with fai lure of oral tolerance 1 86. IEL are the closest 

immune cel ls to intestinal contents and are suspected to undertake immune regu latory 

functions. Interestingly, IEL are polyclonal in the newborn but become oligoclonal in 

adults perhaps because selection by enteric antigens has taken place 1 2 2, 1 78, 1 87. Around 

half of the human population of IEL are gamma-delta T Iymphocytes, which, besides 

being protective to the intestinal epithel ium 1 8 8
, seem to also be indispensable for the 

. 
d . 

d '  f I I 1 89 mamtenance an m uctlOn 0 ora to erance . lt i s  interesting that this set of 

Iymphocytes seems to be particularly reactive also to m icrobial molecules 1 90. Reduced 

numbers of gamma-delta T Iymphocytes are found in some inflammatory d iseases o f  the 

• • 1 22 1 90 b h '  1 1 ' 
. 

h " f IB D  I "  I 1 2 2  In mtestme ' ut t IS ce type mcreases m t e proXimity 0 eSlOns m peop e . 

contrast, no difference was found in the number of gamma-delta T Iymphocytes in the 

mucosa of dogs with IBD and controls  28 . 

Karlsson et al (200 1 )  1 9 1 have shown that structures they referred to as 

"tolerosomes" mediate the production of oral tolerance. These are exosome-like 

structures released from the enterocyte into general c irculation. They carry M H C  1 1  

complexes attached to peptides sampled from the gastrointestinal lumen . "Tolerosomes" 

can transfer oral tolerance to naive ani mals. Interestingly, if the MHC II complexes are 
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el iminated, oral tolerance does not occur. In thi s  context, the increase in the expression of 

MHC-Il complexes by gamma-delta lymphocytes fol lowing bacterial stimulation is 

. 1 92 
Important . 

Oral tolerance has been used as a therapeutic strategy in the hapten 
1 93 , 1 94 

and cel l  

transfer 
1 95 

models of murine col itis. The offending antigen was fed prior to sensitization 

in both models. Clearly, this  strategy is impossible in a c lin ical setting. Neurath et al . 

( 1 996) 
1 93 

used haptenized colon ic proteins as the tolerogenic antigen to treat colit i s  in 

m ice. A pattern of cytokine production that is typical of the oral tolerance resulting from 

low doses of antigen was observed. Production of TGF -beta, IL- I O and IL-4 was 

increased. 

Neurath et al . ( 1 996) 
1 93

, demonstrated that it i s  possib le to el icit oral tolerance in a 

mouse model of col itis even after the inflammatory reaction had already started. The use 

of oral to lerance to suppress already establ ished inflammation was also tested in mice that 

have been sensitized to ovalbumin. Feeding ovoalbumin after systemic immunization 

was successful at reducing cel lular and humoral immune responses to it, but the oral 

tolerance produced in these circumstances was dose and time dependent. Only l arge 

doses given no more than a few days after immunization were effective. Feeding of 

ovoalbumin more than 7 days after sensitization was ineffective at re-establ ish ing oral 

to lerance no matter what dose of ovalbumin was used. Because large doses of 

ovoalbumin were needed in this model to induce oral tolerance, it was speculated that 

c lonal deletion and not active suppress ion was the mechanism by which the oral tolerance 

was re-establ ished 
1 85

. These findings lessen the therapeutic potential of this  techn ique 
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because suppression of the immune respon se to 'bystander prote ins' , in addition to the 

protein to which the animal has become sensitized on ly occurs when active immune 

suppression underpins the oral tolerance. Bystander protein immune suppression is 

particularly important in c l in ical d isease because the antigen to which the immune 

response initially occurred is usually unknown. However, when sensitization occurs 

through the mucosal route active mechanisms (and bystander suppression) are suspected 

to usual ly occur as discussed before 1 75 , but this model of oral sensitization to produce 

oral tolerance needs to be tested under inflammatory conditions. 

Aside from oral tolerance to dietary antigens, it has become evident that tolerance 

to one' s  intestinal flora is part and parcel of the regulatory mechanisms that prevent 

'gastrointestinal chaos' .  The gut immune ' recognizance team' not only has to respond to 

or ignore food antigens but it also has to deal with a high concentration of 

m icroorgan isms and their products, espec ially in the distal parts of the gastrointestinal 

system. The proposed association between bacteria and IBD is long standing 
93, 1 96 . 

Duchmann et al ( 1 996) 
1 97

, showed in hapten induced experimental murine col itis that 

to lerance to autologous bacterial son icates is abrogated. Administration of IL- I O  or 

antibodies to IL- 1 2  restored tolerance and resolved the col itis. As wi l l  be discussed later 

( in the section on bacterial flora) it has been shown that human patients with Crohn's  

d isease lack tolerance to their own flora 
1 98 . 

Enterocytes as effective antigen presenting cells 

As previously d iscussed, inflammation can not on ly increase the quantity of i ntact 

proteins crossing the intestinal barrier but can also abrogate oral tolerance to foreign 
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prote ins. In addition, inflammation can change the way that protein antigens are 

presented by the enterocyte 
1 99,200 . Enterocytes can act as antigen presenting cel l s  

1 83 
but 

are natural ly inefficient at the job. It has been shown that enterocytes are unable to 

present prote ins to sensitized Iymphocytes but can present ' immunogenic peptides ' .  It is  

thought that unl ike the usual APC in the intestine, enterocytes are incapable of the 

intracellu lar processing of proteins necessary for presentation of ' immunogenic p eptides' 

to Iymphocytes 201 . Deficiencies of certain antigen-processing proteases have been 

described 
1 99

. Enterocytes do not form compact antigen presenting complexes (class 1 1  

major h istocompatibi l ity complexes or MHC-II) due  to lack of  expression of  the invariant 

chain 200
. This defic iency of expression does not occur in other Iympho-epithel ial  tissues 

l ike the thymus or the skin 
2 02 . As a result of thi s  constraint large doses of antigen are 

required before effective antigen presentation by normal epithel ial gut cells can take 

place. However, in the presence of IFN-gamma enterocytes become very effective APC 

as a result of increased expression of M HC-II molecules 
1 99,2 00

. Interestingly, greater 

expression of M HC I I  by the gut epithel ium has been reported in cats with IBD when 

compared to cats with other gastrointestinal diseases 203 . On the other hand SPF cats 

(used commonly for research) do not express epithel ial M HC II  
2 6

. 

Gut inflammation and dietary perspective 

Mucosal barrier defects have the potential to produce and/or enhance 

gastrointestinal mucosal inflammation as discussed in the previous sections. Of al l 

potential causal factors of IBD m ucosal barrier defects are the ones d irectly re lated to 

some of the purported deleterious or beneficial effects of d iet i n  the pathophysiology of 

IBD in people and animals. Original publications and reviews on the immunological 
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basis of IBO abound 
1 22, 1 25, 1 96,204 -206 . H owever, most of the original research focuses on 

narrow aspects of the immune response . This has contributed to the presence of many 

contrad ictory research findings in the l iterature ,  which compl icate our understanding of 

gastrointestinal mucosal inflammation .  A brief summary on the immuno logical basis  of  

inflammation in  IBO fol lowed by how gut inflammation can affect the immunological 

response to d ietary antigens and v iceversa wi l l  be presented. 

Cytokines regulate the cel l  function 207
, of immune and non-immune cel ls l ike the 

intestinal epithel ium 
208 . They are small mo lecules that act as cel l  messengers. In an 

inflammatory reaction opposing messages are the norm and the use of the common 

parad igm of cytokine production that separates immune reactions into T HI and TH2 

categories has been criticized 209
. The end result of an immune reaction wi l l  always be 

the algebraic sum of the messages present at one s ingle time. Keeping this in m ind, 

Crohn ' s  disease is considered a TH I type of immune reaction characterised by increases 

in IFN-gamma secretion and low levels  of IL-4 and IL-5 . Conversely, u lcerative co l itis is  

considered to be dominated by a TH2 immune reaction with high levels o f  IL-5 , low 

levels  of IL-4 and normal levels of IFN-gamma. IL-2 has been found to be low in both 

diseases 
1 55 

although contradictory results have been reported 
1 2 5

. 

As d iscussed, some cytokines strongly influence the outcome of the contact of 

cel l s  with potentially deleterious antigens. For  example, IFN-gamma affects the passage 

of intact and processed protein through the intestinal barrier, abrogates oral tolerance and 

increases the abi lity of enterocytes to present antigens to Iymphocytes in the lamina 

propria. Yet, intestinal inflammation can be induced in IFN-gamma defic ient m ice 1 56 
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which indicates that IFN-gamma may be important in enhanc ing an already establ ished 

inflammatory response but not the aetio logical culprit in IBO. IL- 1 2  secretion leads to 

up-regu lation of IFN-gamma and TNF-alpha secretion and severe tissue injury ensues 

2 1 0,2 1 1 . Both lL- 1 2  and IL- 1 8 are secreted in increased levels in Crohn's disease 2 1 2  while 

IL-4, a regulatory cytokine, is reduced 2 1 3
. IL- 1 8  increases the concentrations of IFN­

gamma only but does not  appear to  cause tissue injury 2 1 0
. Most importantly, the 

secretion of specific cytokines by lymphocytes is induced by the presence of other 

cytokines originating in the initial response to an antigen. Thus, IL-4 wi l l  i nduce further 

production of IL-4 wh i le IFN-gamma wi l l  induce IL- 1 2  2
07,2 1 0

. IL- I O  and TGF-beta act as 

differentiating factors for regulatory T cel ls that drive immunosuppression 
1 95

, although 

th is so called ' inductive d ifferentiation ' in lamina propria T -cel ls  has been contested 
2 1 4

. 

The complexity of the inflammatory response in IBO is increased when the role of 

adhesion molecules, homing receptors and their interaction with cytokines is considered. 

Lymphocytes homing to the gut express a speci fic integrin, alpha-4-beta-7, which is  

induced on activation of lymphocytes. TNF -alpha up-regulates the binding protein 

(MAdCAM- l )  for thi s  integrin on the vascular e ndothel ium 2 1 5 
al lowing further 

lymphocytic infiltration. Another important integrin is alpha-E-beta-7, which b inds to E­

cadherin in the intestinal epithelium and p lays an i mportant ro le in the adherence of IEL 

to epithel ial cel ls  and their function in m aintaining a healthy epithel ium 2 1 6 . Alpha-E­

beta-7 has been found to be defective in the gut of Crohn 's disease patients in areas of 

inflammation as wel l  as in non-inflamed tissue 2 1 7
. An interesting aspect of these 

molecules is that they might be controlled by factors p resent in the intestinal 

microenvironment 2 1 8 . They may p lay a role in driving the inflammatory reaction in 
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intestinal mucosa but they are also important in maintain ing a healthy barrier through 

their  functions in epithe l ial pro l iferation a�d differentiation 2 1 9 

Although our understanding of the compl icated circuits, cascades and networks 

that underpin immune regulation and inflammation in the intestinal mucosa is improving, 

the conundrum of the original insult in inflammatory bowel d isease has not been resolved. 

Increased permeabil ity, abrogation of oral to lerance and exaggerated antigen presentation 

by the enterocyte can al l  be phlogistic but none of these factors have yet been identified as 

the main cause of the d isease. In spite of this, the knowledge of the inflammatory 

medi ators responsible for tissue damage has allowed the development of novel means of 

therapeutic intervention. Adhesion mo lecules and inflammatory cytokines have been 

targeted with the aim of contro l l ing inflammation and tissue injury. IL- l O, IL- 1 2 , IL-4 

and TGF-beta have also been used in recombinant and gene therapy techniques 
1 24

. The 

use o f  specific antibodies to TNF-alpha is already being used in the treatment of human 

IBD 220,2 2 1 and antibodies to adhesion molecules have proven successful i n  a model of 

murine col itis 
222 . 

The immu no log ica l response to dietary a ntigens 

Of more relevance to veterinary patients than advanced man ipulations of 

cytokines is the use of d ietary therapy. Even if the d ietary treatments used in IBD are not 

necessarily specific for the d isease, it seems l ikely that they may avoid inadvertent 

enhancement of the inflammatory cascade. There is a c linical impression that recovery 
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from gastrointestinal d isease can be fol lowed by food into lerance or sensitivity in children 

. 
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Wit larr oea or ot er gastromtestma Iseases ' an m vetennary patients . 

However, the ro le o f  food sensitivities in human IBD has been questioned 226,22 7
. The 

presence of adverse reactions to food in human patients with Crohn 's d isease was 

observed on introduction to normal foods after being on an e lemental d iet for 4-8 weeks 

94
. However, healthy controls  showed the same problem and none of the sign s  were long 

lasting or affected the length of remission. M ilk was the m ain offending food 
94

. 

Furthermore, the B Iymphocytes from lymph nodes drain ing IBD lesions do not react with 

food antigens 228 . In addition , h istamine, a med iator of acute al lergic reactions ,  has been 

found to inhibit the production of IL- 1 2, an important mediator of tissue injury in Crohn ' s  

d isease 
229

. In contrast, IBD patients show a h igh number of mast cel ls especial ly  in 

inflamed tissue 2 30 . In this  study the mast cel ls in lBD patients were stimulated to release 

h istamine by binding immunoglobu lin G4, wh ich is suggested to be allergen specific 

22 7,2 30 and suspected of in itiating al lergic reactions to food 
23 1 . 

There is some evidence, at least in people with intestinal s igns due to cow's m ilk 

al lergy, that it i s  the intact protein rather than the degraded protein that produce the 

immune reaction 232 . In IBD, given the pathophysiological abnormalities already 

mentioned, the passage of increased levels of intact protein into the mucosa is a very real 

possibi lity. It remains uncertain if d ietary sensit ivities can be acquired this way. 

Some people that show adverse reactions  to foods have been found to have serum 

IgE specific to the food proteins suspected of causing their d isease. These people were 

also found to have c irculating immune complexes, which were detected at the same time 
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than the cl in ical signs appeared. 
1 3 2. On the other hand, in another study patients with 

IBD showed s imilar serum antibody responses to fed prote ins  as normal volunteers, w ith 

a h igh level of  inter-individual variation 1 67
. Unfortunately, measurement of serum 

concentration of antigen specific IgE in dogs and cats with positive chal lenge dietary 

trials has not been found to be of diagnostic value to assess abnormal immune responses 

to dietary proteins 40,2 3 3 ,234
. Therefore, the serum concentration of food specific IgE is 

unl ikely to provide any insight into the l ink between IBD and food al lergy in domestic 

animals. However, other immunoglobu lins such as IgG4 have been suggested of 

mediating food allergies in people 
23 1

. The ir involvement and importance in allergic 

reactions to food in compan ion animals remain s to be determined . 

Some of the murine models of IBD include the use o f  a barrier-breaking agent in 

conjunction with an h apten 
63 , 1 2 4

. These models support the v iew that leakage of dietary 

proteins (or other luminal factors) into the lamina propria may be capable of cau sing 

chronic inflammation. We have discussed that a cel l  mediated reaction occurs when oral 

tolerance is abrogated . However, the existence of a chronic form of allergic enteropathy 

remains to be proven 2:1 5 Certainly, ani mals with adverse reactions to food can pre sent 

with gastrointestinal signs 165. 166,236.2:17 However, to dissect what came first, the food 

sensitivity or the gastrointestinal inflammation, is difficult in most clinical situations as 

the diagnosis of food sensitivity can be complex and cumbersome. The 'gold stand ard ' 

diagnostic method of oral el imination challenge studies can take several weeks m and 

may not detect subclinical intestinal hypersensitivity reactions .  Furthermore, identifYing 

the protein responsible for the allergy may not be straightfo rward. Therefore, although 

there is evidence of a fast response to diet change in cats considered to be suffering a tme 
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primary food allergy 
4 0,2 3 7  

the d ifferentiation between this condition and adverse reactions 

to food secondary to IBD is  d ifficult. 

F d I I I I ·  d 
. , I 166 d I 

1 64 2 3 8 00 a ergy can a so resu t m ermatoses m antma s an peop e . . 

Although, skin disease has not commonly been reported in animals w ith a diagnosi s  of 

lBD, the d ifficulty in distinguish ing between IBD and food allergy in domestic ani mals 

suggests that an assoc iation between skin disease and IBD with secondary d ietary 

sensitiv ity may be under-diagnosed . Interestingly, a cross-reaction between contact 

hypersensitivity cells in the skin and IBD effector cel ls  has been found in an hapten mode l  

of murine IBD 2 39
. This observation indicates that sensitization to antigens in patients 

with IBD could occur through other surfaces than the gastro intestinal tract with the l atter 

just behaving as the target organ. Cross-reactivity between pol len al lergens and food 

allergens h as already been proposed 
240 . It is known that l ipocalins are among the most 

important a l lergens of mammalian origin to which people are allergic.  L ipocal ins are 

usually found in cow mi lk 
1 75 

but also in the environment as aeroal lergens from u rine, 

hair, dander 
24 1 ,2 42

. Any of the latter could eas i ly be found in some pet foods. In addition, 

intestinal chal lenge with allergens in atopic and asthmatic human patients results in a 

smal l intestine secretory response and an increase in intestinal cel lu lar infiltrate i n  the 

I ·  
. 243 2 44 

amma propna . . 

It i s  obvious that d ietary antigens could have an important ro le in IBD. The 

strategies' avai lable to avoid the potential aggravating effects of diet wi l l  be discussed in 

the section on dietary management. 
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The bacterial flora and IBD 

The intestinal bacterial flora is  estab l ished at b irth and influences the deve lopment 

of the gastrointestinal immune system 245 . It also affects the function o f  the healthy 

intestine, protects against invasion or injury and regulates immune activity 246,247 . 

Defin ing what species constitute the bacterial flora has proven difficult and there are sti l l  

e lements that have not been cultured. Changes in the bacterial flora and intestinal 

m icroenvironment provoked by d iet and disease have been stud ied 248. 

The bacteria that colonise the intestine originate in the b irth canal, the dam's  l arge 

intestine and the environment 249,250. K ittens and puppies already have a bacterial faecal 

density s imi lar to adults within the first 24 hrs of l ife 25 1 . In nursing chi ldren, the 

predom inant bacterial flora is Lactobacilli and Bifidobacteria . This popu lation changes to 

enterobacteria and gram-negative organisms if chi ldren are bottle-fed 249,250. These 

studies demonstrate that the microflora that wi l l  prime the immune activity of the intestine 

is modified by the d iet before weaning. These changes in intestinal flora have been 

considered an i mportant predisposing factor for gastro intestinal c l in ical disease in infancy 

77,250,252 and even for the development of Crohn's d isease 78 . It is not known i f  the 

suspected beneficial effects of the bacterial flora of nursing chi ldren extend into 

adulthood . However, the bacterial flora is bel ieved to be important in  the development of 

the immune system, and the immune activity of the gut 245 . The flora also influences the 

development of specific epithelial receptors to bacterial lectins 252 . Newborn cats and 

dogs are s lightly different from newborn human infants in that kittens have m ainly 
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B ifidobacteria and puppies m ainly enterobacteria 2 53 in their gut. It is not known what 

changes occur to the bacterial flora if kittens and puppies are hand-reared. 

The gastrointestinal tract of germ-free rodents is l ighter in weight, has a reduced 

surface area, thinner v i l l i ,  a decreased v i l lus  epithel ial cel l  renewal and a thinner lamina 

propria than conventional ly reared rodents. In  addition they show a decreased 

inflammatory gut response 248 . The development of organised lymphocytic structures l ike 

Peyer Patches (PP) is genetically determined but the number of diffuse lymphocytes in 

mucosal surfaces increases with antigenic stimulation 254 . Germ-free animals develop 

germinal centres in the PP, IgA produc ing B lymphocytes in PP and lamina propria (LP), 

and are capable of produc ing IgA when colonised by bacteria or virus 245 ,2 5 5 . The 

primordial IgA response down-regulates the long-term response to the same antigen by 

binding the specific antigen to avoid adherence (the first step in colon isation and 

invasion) or by el iminating antigen from the epithel ium in the form of immune complexes 

1 3 9 The development of the IgA system (dependent on the bacterial flora) is most 

important s ince it has been shown that oral tolerance cannot be produced in mice in their 

first week of l i fe 1 69,2 56. However, mUltiple feedings can later overcome this priming 

effect 1 69 . These observations then suggest that the bacterial flora helps to protect against 

gut reactions to antigens including food antigens.  

The development of PP  that occurs when germ-free animals are colonised invo lves 

the development of M cells.  Specific Pathogen Free (SPF) an imals show an increase in M 

cel l s  25 7 once they are transferred to a conventional environment. M cells contain 

receptors that bind bacterial lectins, which faci l itate antigen sampl ing. M cel l s  are also 
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the route by which many pathogens cross the intestinal barrier. The lectin receptors vary 

according to the intestinal segment. This variation has been attributed to induction by the 

m icroflora in each gut segment 258 . For example, E. coli and lipo-polysaccharide (LPS) 

can stimulate the production of their own receptors on the M cel ls  of the intestine 1 80,25 9. 

The original response by the intestinal immune system to bacterial determinants or 

lectins (inulin, phosphoco lin and beta-galactosyl among others) is delayed in the newborn 

in accordance w ith the ' im mune status' of the dam .  Immunoglobul ins in m i lk from 

normal dams coat the bacteria so that they cannot interact with immune cells to produce 

the IgA response. Mice whose dam is immune deficient react to their intestinal flora 

earlier. This immune reaction i s  amplified to include non-specific immune responses and 

it i s  much more effectively generated with a bacterial m ixture rather than a single 

bacterial species 245 . It is  l ikely that th is bacterial driven immune response also occurs in 

kittens. K ittens and adult cats have a h igh number of bacteria present in their gut. 

Although queens have a very low content of IgA in their colostrum and milk compared to 

other species 260 they have h igher concentrations of IgG that are maintained throughout 

the lactation period 261 . Perhaps this i s  the reason why the development of the smal1 

intestinal v i l l i, crypts and lamina proprial cel l s  occurs at a s lower pace in cats than in dogs 

25 1 

Therefore, the mam result of m icrobiota colonising the intestine of a healthy 

individual is controlled activation of the intestinal immune system. It is tempting to think 

of this  as a process by which oral tolerance develops to the normal m icroflora, especially 

as it invo lves s imilar suppressive cytokines as are involved in the immunoglobu lin switch 
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to IgA production ( i .e.  TGF-beta and IL- I O) 
1 3 9

. The importance o f  th is interaction 

between a healthy immune system and the normal microflora in the maintenance of 

gastrointestinal health has been shown in several models of IBD. Several animal models 

of IBD are based on the interaction of a genetically engineered dysregulated 

gastrointestinal immune system and the intestinal flora 
6 3, 1 2 2- 1 24

. In one mode l of IBD, 

col itis is produced by transfer of activated Iymphocytes from mice with col itis to immune 

deficient animals. Although the cel ls mediating d isease populate the length of the 

intestine disease appears only in the colon. Proliferation of the donor cel ls in the intestine 

of the recip ients was directly related to the s ize of the bacterial population in the 

recipient's gut suggesting the T cel l  reactivity is stimulated by bacteria or bacterial 

products 262 . In addition, a model of IBD in  Guinea p igs involves the adm inistration of 

oral carrageenans shows more rel iable lesions if the animals are sensitized to Bacteroides 

vu/gatus concurrently with the feed ing of carrageenans 263
. Furthermore, when epithelial ,  

food and bacterial antigens were compared in a model of spontaneous murine co l itis, 

antibodies specific to the bacterial flora were present in serum, (especia l ly to aerobic 

bacteria) but epithelial and food specific antibodies were not detected 
264

. 

A connection has also been made between increased reactivity to the intestinal 

bacte rial flora and c l in ical IBD in people . Lymphocytes harvested from the lamina 

propria of affected areas of the gut 265 
and mesenteric lymph nodes 266 

i n  IBD patients 

show increased pro l iferation when incubated with bacterial antigens compared to 

lymphocytes from controls .  Furthermore, the pro l iferative response is stimulated by the 

autologous bacterial flora and not by a s imilar bacterial population from other individuals 

26 7
. Further definition of the antigens invol ved in  this reaction was sought but revealed 
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cross reactivity between different specIes and bacterial groups 268 . E. coli has been 

impl icated as the antigen to which the reactions in some of these studies are directed . 

Increased adherence of E. coli strains recovered from patients with Crohn 's  disease has 

also been noted 269 
but the s ignificance of thi s  finding in c linical d i sease i s  unknown . 

More recently it has been reported that IBD patients h ave sign ificantly increased numbers 

of bacteria on the mucosa of the intestine when compared to controls  supporting the v iew 

that an increase in adherence of bacteria may be part of the pathogenesis of I B D  2 70 . 

Because MHC-JI was involved in the lymphocytic reaction to autologous flora it is  

suspected that bacterial antigens (especially superantigens) rather than non-antigenic 

d b 
. 

I d d · h · 
. 1 49 267 

secrete actena pro ucts un erpm t IS reactIOn ' . Further evidence for the 

importance of bacteria in the pathogenesis o f  IBD i s  provided by the observation that 

bacterial prote ins are the target of increase IgO produced in Crohn's disease and 

ulcerative co l itis 27 1 .  

Other bacterial products l ike formylated peptides (FNLP, F M LP and F-met) are 

known to be strong chemotactic stimul i  for neutrophi ls 272 . In addition, bacterial cel l  wall 

polymers (peptidoglycan-polysaccharide complexes) have been shown to cross the 

colonic barrier in higher quantities after injury and to attract polymorph-neutroph i l s  273
. 

However, if  the barrier was healthy, a lesser amount of the po Iymers crossed the barrier 

and the resultant cellular infiltration was dominated by mononuclear cel ls .  It is unknown 

if these products are important in  the pathogenesis o f  IBD i n  cats or dogs. This seems 
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unl ikely given that neutroph i l ic infi ltration of the lamina propria is not the most important 

patho logical feature in most cases. 

Other bacterial products can also affect the course of IBO. For example, 

endotoxaemia has been reported as a common finding in active Crohn's  disease and 

el imination of luminal contents by whole gut irrigation speeded up the recovery of 

patients 2 74
. Mercaptides, sulphur-containing compounds produced by bacteria, have been 

shown to decrease butyrate oxidation in colonocytes 275 . This metabolic abnormal ity h as 

been suggested as to be important in u lcerative col itis. It is interesting that some an imal 

models of murine col itis use sulphur containing irritants l ike dextran sulphate and 

d 
. . 

I "  
2 75 

carrageenan to pro uce IntestIna Injury . 

In addition to the evidence already presented above to support a central role for 

intestinal bacteria in the pathogenesis of IBO, it is noteworthy that IL- 1 2  (an important 

cause of tissue injury in IBD )  is thought to be produced mainly in response to bacteria and 

their products 276 . L ikewise ,  the reaction to  the autologous flora seen in  lBO patients was 

driven by IL- 1 2  and IFN-gamma 267. 

The cat has a higher number of bacteria i n  the smal l intestine than other species 

and these bacteria more c losely resemble the typical colonic flora. Do these peculiarities 

of the cat increase the risk of protracted intestinal inflammation in this  species? Perhaps, 

but it should be noted that the normal intestinal m icroflora also can provide benefits to the 

host. It is the presence of gastrointestinal d isease that produces changes in the 

m icroenvironment (pH,  substrate availab i lity, mot i lity alterations, and abnormal bacterial 
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species growth) that can be detrimental to the symbiotic relationsh ip between bacterial 

flora and host e.g. bacterial overgrowth in people 2
46 and dogs 2 77 . Studies in germ free 

animals indicate that the normal flora can protect against colonisation with opportunist 

. . 
I th 245 

mtestma pa ogens . It has been shown that protection against Salmonel la  in 

conventional an imals usual ly  requires the p resence of inflammation el ic ited by LPS 

b inding to its receptor in  the epithelial cel l s  
278 . Some spec ific genera of b acteria seem to 

influence gastrointestinal function in a more positive way. For example, the presence of 

Lactobac i l l i  spp . and B i fidobacteria spp. decrease the risk of d iarrhoea in breast fed 

. fi 77 2 50 252 'b l  d h '  dh 279 
B'fid b 

. 
h m ants ' , pOSSI Y ue to t elr a erence to enterocytes . I I 0 actena ave 

also been able to restore the susceptibi l ity of the IgE 'production system' to oral tolerance 

in germ-free mice 
280

. This influence on the pathogenesis of allergy has subsequently 

been determined to be attributable to a s ingle species of Bifidobacteria in chi ldren with 

atopic eczema 
28 1 . Bifidobacteria has also been shown to promote healing and protect the 

intestinal mucosa from the damage induced by zinc defic iency in rats 
2 82 . In zinc 

deficiency the intestine develops lesions s imilar to IBD including ulcerations, edema, 

inflammatory ce l l  infi ltration and di latation of b lood vessels .  Lactobaci l l i  have been 

shown to improve colon ic barrier function and decrease the passage of mannitol through 

the intestinal mucosa, whi le other bacterial species had the opposite effect 
2 83

, 

Lactobac i l l i  have also been shown to decrease the absorption of intact macromolecules 

284
, Other beneficial effects of these bacteria on the gastrointestinal tract have been 

described inc luding immunoregulation, restoration of normal microflora and repression of 

viruses 
249

,
2 79

, In add ition to these effects on gastrointestinal function administration of 

Lactobac i l l i  have prevented col itis in murine models of IBD 282,285,2 8 6
, Adm inistration of 
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a mixture of several bacteria including B ifidobacteria and Lactobac i l l i  have improved 

barrier function (mannitol flux), decreased inflammatory mediators 
90 and improved 

histological grade of intestinal specimens m IL- l O  defic ient mIce 
287 

Even non-

pathogen ic E. coli has been used to treat u lcerative colitis w ith some success 
288 . 

Recent stud ies have also been able to document the effects of bacterial 

colon ization on genetic transcription in the host. These studies suggest that nutrient 

absorption, mucosal barrier function and intestinal maturation are modulated by the 

commensal flora and differences in these intestinal functions can be explained in part, by 

h I . . 
b . I . 289 290 t e co on tzm g  actena specIes . 

. 

In summary, a ful l  understanding of the relationship between the microflora and 

its host is only starting to emerge. Nevertheless, gastrointestinal bacteria have an 

important role in gastro intestinal health and development through the ir actions on the 

gastrointestinal immune system, their protective effects against potential pathogens, and 

their support of ora l  to lerance and an effective gut barrier. How this relationship i s  

deranged in  IBD is uncertain but results from experimental animals and people w ith IBD 

indicate that an abnormal reaction to the presence of autologous bacteria in the 

gastrointestinal tract may be very important in the pathogenesis o f  IBD. Dietary 

manipulation to favour the growth of B ifidobacteria and Lactobac i l l i  i s  possible and wi l l  

be d iscussed further in  the section on probiotics, p rebiotics and symbiotics, as  wel l  as in 

the section on d ietary fibre. 



DIETARY MANAG EMENT 

Food for thou g ht 

S6 

The importance of feeding during disease has been realized s ince the time of the 

ancient Egyptians who used the rectum as a route to administer food ! This practice was 

maintained until the beginning of last century 
29 1 . Good nutrition is very important during 

gastrointestinal d isease. The spec ific and special requirements of the species being treated 

(the cat in this instance) the special requirements conferred by the disease and the 

nutritional status of the animal at presentation, all need to be taken into account when 

plann ing nutritional intervention in IBO. The nutritional management of patients with 

gastrointestinal d isease has three principal aims :  1 .- the nutrition of the individual, 2 . - the 

nutrition of the gut and 3 .- the avoidance of further injury to the bowel .  

Malnutrition can affect 30 to 80% of h uman lBD patients 
292 . Malnutrition alters 

immune function and in IBO it can compound the existing immune dysregulation that 

accompanies the disease 
293

. Prote in-energy malnutrition decreases the number of i ntra­

epithel ial lymphocytes and the number of IgA producing cells in the mucosa 294
. These 

changes are l ikely to compromise the health of the ep ithel ium and to reduce antigen 

exc lusion by the mucosa. Oral tolerance is also impaired during protein deprivation 2 95,296 

and penneabil ity to large macromolecules and particles is increased 
297. As discussed 

previously, barrier function, oral tolerance and the abi l ity of enterocytes to exc lude 

antigens are already disturbed in IBO.  Undernourished Crohn 's  d isease patients show 

lower number of circulating lymphocytes, lower production of i mmunoglobul ins  and 
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impaired macrophage function 298, but it is uncertain if th is  is re lated to the nutriti onal 

status of the patient or the c l in ical stage of the disease. 

Several reports indicate that patients with Crohn's disease do not h ave increased 

energy requirements 292 . One study on patients with active Crohn 's d isease that had not 

had prednisone treatment for 3 months showed that thei r  resting energy requirements 

were neither increased or decreased. However, these patients adopted a starvation pattern 

of substrate metabol ism increasing the uti l ization of fats and decreasing the uti l ization of 

protein  and g lucose 299 . Another study ofpeople with IBD has shown that d isease activity 

increases resting energy requirements of these patients but reduces physical activ ity 

energy requirements, maintaining the total energy requirements equal to patients w ith a 

lower disease activity 
300 . Importantly, the starvation pattern is quickly normalised after 

enteral feeding 299 and a good correlation exists between the attainment of nitrogen 

balance and remission in Crohn ' s  disease 
301

. Malnutrition in human lBD is considered to 

be the results of anorexia, malabsorption and increased intestinal losses 
300,302 with 

anorexia being considered the most i mportant of the three 292 . These observations in 

people with lBD agree with the c l in ical impressions in veterinary patients 1 2 .  It is  

noteworthy, that the cat cannot adapt to a decrease in energy intake with a decrease in 

. 1 303 304 1 h 
. .  

f 1 
. . . 

1 b d ·1 mtrogen oss ' as a resu t t e negatIve Impact 0 ma nutntlOn on vlta 0 I Y 

functions is l ikely to have a rapid onset compared to other species. Some adaptation of 

protei n  catabol ic enzymes has been suggested in a recent report that compared protein 

oxidation in cats consuming d ifferent amounts of protein 305 . However, both d iets had 

protein  content above requirement and therefore this  mechanism of adaptation may not be 

avai lab le during anorexia when protein intake is markedly reduced. 
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The presence of nutrients in the intestinal lumen is known to have a trophic effect 

on the gastrointestinal tract. Food acts d irectly by nutrition of the epithel ial ceIls and 

indirectly by stimulation of systemic and gastrointestinal hormones l ike gastrin and 

cholecystokinin 
306,307, gastrointestinal secretions, gastrointestinal nerves and motility 

308 . 

Certain nutrients such as glutamine or SCFA act as trophic factors for the epithel ium and 

help to maintain the h igh level of  renewal of thi s  tissue 293
. F urthermore, lack of feeding 

during total parenteral nutrition (TPN) has been associated with atrophic changes of the 

bowel in rats 
306,309 

and cats 
3 1 0 . Cats on TPN showed atrophy and fusion of v i I l i ,  crypt 

d ilation and hypercellularity of the lamina propria after 2 weeks of i ntravenous feeding. 

These changes reverted to normal after 3 weeks on standard diets. Similarly in human 

patients with IBD TPN results in reduced height of microvi l l i  and lower activity of brush 

border enzymes, but d id not produce severe atrophy and recovery occurred rapidly. 
3 1 1 ,3 1 2

. 

F urther s ignificance to nutritional therapy has been afforded by the finding that certain 

nutrients may reduce inflammation, 'normalize' i ntestinal function and bacterial flora, or 

act as immunomodulators. These compounds include glutamine, SCF A, argin ine, n-3 

fatty ac id, probiotics and prebiotics, and zinc 291 wil l  be discussed in the pertinent sections 

below. 

It is also important to consider the degree of malassimilation occurring during 

gastrointestinal d isease . Undigested and/or un absorbed food promotes intestinal 

disturbances due to fermentation, bacterial overgrowth and the formation of inflammatory 

or secretory compounds 
3 1 3

. Nevertheless, bacterial o vergrowth was not a feature in a 

series of cats with chronic gastrointestinal d isease 1 46 Furthermore, recent in vitro 
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experiments indicated that pro-inflammatory interleukins can increase nutrient transport 

3 1 4 . This effect of interleukins may help counter the adverse effects of malabsorptive 

changes in IBD but this  is  unl ikely to be a c l inical s ignificant beneficial effect. 

Notwithstanding the above observations, malabsorption is  potential ly a common 

complication of IBD and patients with the disease are l ikely to benefit from h igh ly 

digestible d iets that maximize nutrition for the patient and decrease the chances of further 

immune reactivity 
1 0. The correct diet is also l ikely to benefit the IBD patient by 

promoting an appropriate intestinal flora and overcoming the 'bacterial imbalance' that 

can accompany deranged gastrointestinal function 
246. 

Method of feeding and diet characteristics 

Feeding animals and people with IBD can take place through the gut or 

parenterally. Enteral nutrition includes the use of l iquid e lemental or polymeric diets or 

control led so l id food e l imination d iets (polymeric in  nature).  Parenteral nutrition can take 

the form of total parenteral nutrition (TPN) in which the patient is fed a l l  their  nutrient 

needs through a central vein, or Peripheral Parenteral Nutrition (PPN) in which a 

peripheral vein is used to partially supply the patient's dai ly nutrient requirements. The 

choice of any of these feeding methods is influenced by such considerations as the degree 

of bowel rest required, the value of low or h igh residue d iets and the dietary antigenicity .  

These properties wil l be used to compare d ifferent feeding methods and different types of 

diets below. 
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Total parenteral nutrition (TPN) is commonly  used in the treatment of Cro hn 's  

disease but not in  ulcerative col itis 300
. Total parenteral nutrition and enteral nutrition 

have been repeatedly tested and compared in human patients with I B D  3 1 5-320 but no 

comparisons of these feeding methods have been reported in the veterinary field. The use 

of TPN outside of veterinary referral institutions is d ifficult because of the need for 

intensive nursing care and the risk of possible metabolic and infectious compl ications 32 1
. 

These comp lications are also con sidered d isadvantages of TPN in people and, as a result, 

enteral feeding is favoured when the patient has a functioning gastro intestinal tract. 

However, today many experts in human nutrition consider that there are no nutritional 

advantages of enteral over parenteral nutrition in man when n itrogen and energy intake 

are equal between the two methods 3
22,323 .  

In  the veterinary patient, the choice of the different routes of feeding i s  influenced 

by the costs and infrastructure avai lable 324. Although the use of TPN has been reported 

in healthy cats 3 1 0 and in some cats with gastrointestinal d isease 325
, TPN is usually 

reserved only for severely compromised animals with persistent vomiting or anorexia 1 0
. 

It has been reported that the use of TPN in domestic animals is feasible for up to a week 1 0  

but in  cases with moderate malnutrition peripheral parenteral nutrition (PPN) may be  all 

that is needed 324
. PPN is probably better suited to a p rivate c l in ical practice and its use is 

indicated in an imals that are not seriously malnourished and for which complete enteral 

nutrition is not desirable 324 . PPN in dogs has shown protein sparing capacity 326 
but the 

same may not be true in cats because of this species metabol ic idiosyncrasy in relation to 
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prote in metabol ism. In the veterinary IBD patient parenteral nutrition is the exception 

rather than the norm and therefore no further d iscussion will fol low. 

The type of enteral diet that is best su ited to the IBD patient is controversial and 

many reports have been publ ished comparing the use of elemental and polymeric d iets in 

Crohn 's disease 3 1 5, 3 1 7-320. The best enteral diet for veterinary IBD patients is also 

controversial 225,327 . B owel rest has been standard advice after gastrointestinal disease or 

injury 302 . Bowel rest can be provided with total parenteral nutrition or h ighly digestible 

diets ID. The rationale for bowel rest has been to reduce the digestive and absorptive load 

placed on the bowel to minimize vomiting and osmotic d iarrhoea. Additional goals of 

bowel rest are to reduce bowel secretion resulting from malabsorbed fatty acids and b ile 

. 
acids, to reduce bowel bacterial numbers and to decrease passage of food proteins through 

the faulty mucosal barrier to reduce further inflammation 3 1 5,3 16328. Accordingly, bowel 

rest is best suited for osmotic diarrhoea and cannot be used in chron ic processes unless 

another method is uti l ized to feed the patient. I n  repeated bouts of acute diarrhoea in 

chi ldren it has been recognized that bowel rest can be detrimental and 'feeding through 

diarrhoea' has been observed to better maintain body weight 1 44 . Guilford ( 1 994) 225 

argues that this may not be appl icable to acute vom iting and diarrhoea in the veterinary 

patient because of the d ifferent type of d iarrhoea occurring in children (mostly infectious 

and secretory) to the ones commonly affecting pets (non-infectious) and the need to 

control the vomiting which frequently accompanies diarrhoea in acute gastroenteritis in 

cats and dogs. Greenberg ( 1 988) 3 1 6 showed in a control led trial that bowel rest d id not 

p lay a major role in achieving remission after an acute bout of Crohn's disease and did 

not affect the long term outcome. In  this  study, one group ate palatable meals without 
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restrictions and had the same outcome to the TPN and e lemental diet groups. Dietary 

into lerance after an acute bout of Crohn's disease has been reported in other studies. The 

offending foods have usual ly been mi lk, cereals and vegetables, but the adverse reactions 

to these foods do not seem to be a serious long term concern 94,3 1 5 . Bowel  rest in 

u lcerative co l itis has proven not to be beneficial 3 1 5,329 . 

Cats with IBD usually present with chronic vom iting and d iarrhoea, rather than 

bouts o f  acute c l in ical s igns.  As a result bowe l rest, other than by use of h ighly digestible 

diets, would not offer therapeutic advantage. Most highly digestible d iets sti l l  contain 

intact proteins and so can on ly to a l imited extent reduce the exposure of the mucosa to 

antigens that may perpetuate inflammation or a l lergic responses by the gastrointestinal  

mucosa. However, as previously d iscussed there is as yet l ittle convincing evidence in 

humans for a c lin ically important role for food sensitivity in IBD. 

Cats with gastro intestinal c lin ical signs diagnosed with adverse reactions to food 

and idiopathic gastrointestinal disease have been reported 8,40,237,330. Most o f  these cats 

had gastrointestinal h istological les ions consistent with IBD, concurrent skin lesions, and 

responded to d ietary change . Guilford et al. (200 1 )  showed that cats with gastrointestinal  

s igns  and adverse reactions to food and cats with gastrointestinal signs but no adverse 

reactions to food could not be differentiated by any other m eans than food trials .  

Specifically designed gastro intestinal food allergy d iagnostic techn iques l ike gastroscopic 

provocation tests in humans 235 and dogs 3 3 1 ,33 2 , and colonoscopic a llergen provocation 333 

in  people show promise to detect food al lerg ies. However, gastroscopic provocation tests 

were not helpful  in cats 40 The resolution or improvement of the c l in ical signs of 
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id iopathic col itis with the use of hypo al lergen ic d iets in cats 47 and dogs 
334 suggests that 

dietary antigens may partic ipate in the process of gastro intestinal inflammation as does 

the success of hydrolyzed prote ins in dogs with IBD 335 . However, it remains to be 

definitively e stab lished if food sensitivities are part of the pathogenesis o f fe l ine mo. 

The use of elemental d iets has been postulated to be beneficial in people with a 

relapse of IB O  because it confers partial bowel rest reduc ing antigenic stimulations and 

decreases mucosal penneabi l ity 336. However, the c lin ical advantage of these diets has 

not been demonstrated convincingly. More recent work using the lactulose/mann ito l 

penneabi l ity test fai led to find a d ifference in intestinal penneabi lity between TPN and 

enteral nutrition 
337. A comparison between a complex diet and enteral l iquid diets with 

d ifferent n itrogen sources (amino-acids, ol igopeptides or protein) showed that all the 

l iquid diets reduced the expression of epithel ial MCH-II and the number of intraepithel ia l  

Iymphocytes but these changes were not related to the source of nitrogen administered 
338 . 

Several studies have compared the use of elemental l iquid d iets with po lymeric diets 

3 1 7 3 1 8 320 
AI h h i ' d '  fi d b · .c. ·  I I d" , ' .  t oug po ymenc lets were oun to e InlenOr to e ementa lets In  one 

study 
3 1 7, the consensus is that polymeric enteral nutrition is wel l  tolerated, cheap and 

fi� . 3 1 7-3 1 9 339 S h h I '  d h I '  d '  f� . 
e lective ' . ome aut ors ave even c alme t at po ymenc lets are as e lective 

as corticosteroids at inducing remission of Crohn's disease 3 1 9 . Unfortunately, a European 

cooperative study and a meta-analysi s  of randomized controlled trials made the opposite 

conclusion that enteral d iets are less effective than drug treatment in active Crohn 's  

d · 320 340 Th fi . 
I b d b" f d '  

. . 
Isease ' .  e onner tna was ase on 0 �ectIve assessments 0 Isease activity 

whereas the latter trials util ised the subjective parameters of the Crohn's disease activity 

index but nevertheless, it is d ifficult to reconc i le such starkly d i fferent conclusions. 
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The use of elimination diets in IB D  in people has been advocated with the aim of 

avoiding potential Iy o ffending antigens 3 1 5 , The presence of adverse reactions to food in 

Crohn ' s  disease patients 94,34 1 ,342 lends credit to their use , lones et al .  ( 1 985) reported a 

reduced rel apsed rate of Crohn's  disease in patients on e l imination diets , Moreover, in a 

control led trial comparing the effectiveness of an e l imination d iet and predniso lone after 

remission of Crohn's d isease was achieved with e lemental diets, d iet alone gave the best 

outcome 343 , However, several trials have disputed this v iew, Pearson et al .  ( 1 993) 94 

concluded that there was no advantage of el imination diets in a control Ied trial in which 

Crohn ' s  patients and healthy controls showed no difference in the presentation of adverse 

reactions to food after e lemental d iet feeding, Most of the adverse reactions to food were 

short l ived and there were no differences in relapse rate between the patients that showed 

these adverse reactions to food and those that did not. Moreover, Crohn's  disease patients 

on standard diets have shown similar long term remiss ion rates to patients on TPN or 

I I d' 3 1 6 34 1  E ' I d ' ' d ' th h ' d 'ffc ' e ementa lets ' , xpenmenta ata In  rats In Icate at t ere IS no I erence In  gut 

associated lymphoid tissue reaction to d ifferent forms of n itrogen (am ino-acids, peptides 

or intact protein) 338, In addition, a favourable outcome of nutritional therapy in Crohn 's 

disease h as been associated with replenished total body prote in stores rather than with the 

type of d iet used 30 1 , 

Low residue d iets have been prescribed for the treatment of gastrointestinal 

d' ' 1 1  f h 11 ' , 302 328 H d 'ffi ' I sease, especla y 0 t e sma intestine ' , owever, no I erence In outcome was 

found between Crohn's disease patients that consumed a low residue d iet and those that 

consumed a normal diet inc luding fibre-rich foods 328,34 1  In view o f  the numerous 
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benefic ial effects that fibre h as on the gastrointestinal tract (see the section on d ietary 

fibre), i n  particular the large intestine, it is d ifficult to support the v iew that dietary fibre 

should not be included in  the dietary management of IBD. Furthermore, short chain fatty 

acids ( i .e .  fermentation products of d ietary fibre) h ave been used in the treatment of 

ulcerative col itis with good results 292 . However, d iet as a primary mode of treatment in 

ulcerative col itis has not been exhaustively studied in control led randomized trials 300 . A 

smal l trial of patients with ulcerative col itis in which sulphasalazine and a high fibre diet 

were compared suggested that the relapse in the group that consumed the dietary fibre 

was not better than if they would have been treated with a placebo 
344

. In fact, a recent 

review of nutritional therapy in h uman IBD fai led to raise the issue of the role of d ietary 

fibre in the d ietary treatment of IBD 292 . The same reviewer suggested that given that 

pharmacological therapy is as or more effective than d ietary treatment and less costly,  the 

use of d iet as a primary therapy should be restricted to those patients that are refractory to 

the effects of steroids or have only m i ld s igns of disease . 

Control led, randomized, prospective d ietary trials in veterinary patients with lBD 

have not been carried out. Therefore a large part of veterinary nutritional advice has been 

'borrowed' from the human l iterature, derived from the theoretical considerations about 

the aetiopathogenesis of IBD or based on anecdotal evidence. Feeding contro lled, 

el imination d iets is the most common form of nutritional treatment in veterinary patients 

with IBD 1 0. L iquid d iets may be used in animals with persistent anorexia 345 or vomiting 

l O .  F orcefeeding commercial ly avai lable polymeric d iets formulated for cats, dogs and 

humans is a common way of dealing with anorexic cats with IBD in  c l in ical practice. The 

typical recommendation for cats with IBD that are sti l l  wi l l ing to eat voluntari ly is the use 
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of a h ighly d igestible, low residue, low lactose, nutritionally balanced and palatable novel 

prote in d iet 1 0, 1 2,34,4 1 ,308 ,327,346 . If involvement of the colon is suspected d ietary fibre 

supp lementation has been recom mended 1 2,34,4 1 ,2 25 ,308,327,346,347 . However, very few 

c l in ical trials on the use of fibre in veterinary patients with gastrointestinal d isease have 

been performed. The results of dietary fibre supplementation in dogs with col itis have 

varied according to the type of fibre used. Insoluble fibre did not improve col itis when 

compared with a hypoallergen ic diet 347 but soluble (i .e. fermentable) fibre 

supp lementation to a high ly digestible diet was considered advantageous 348 . The use of 

stercul ia gum for a range of gastrointestinal ailments in a group o f  cats has been described 

as beneficial 349 and high fibre diets have been used successful ly  in some cats with colitis 

2. In contrast lymphocytic-p lasmacytic colitis in cats has been reported to respond to 

hypoallergenic d iets without fibre supplementation 47 . This is similar to the reported 

findings in a group of dogs with lymphocytic-plasmacytic col itis in wh ich a 

hypoallergenic diet gave better results than a high cellulose d iet 347. The evidence in 

support of the use of hypoal lergenic diets in IBD is not restricted to c linical cases of 

col itis in cats and dogs. A smal l number of dogs with smal l bowe l IDO responded 

cl in ically and h istologically to the exclus ive feeding of a diet contain ing  an enzymatically 

hydro Iyzed soy protein 335 . Although prel iminary these results are interesting and suggest 

fu rther investigation ofthe role of hydrolysate diets in IBO is justified. 

In summary, it is c lear that our understanding on the benefits of control led, 

e l imination, low residue d iets in cats with IBD is  in its infancy and so is our knowledge of 

the benefits of d ietary fibre supplementation. However these d iets have proven beneficial 
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in pre l iminary trials and certainly comply with the first principle of medicine 'do no 

harm' .  

Protein,  amino-acids and nucleotides 

Proteins are large mo lecules with a primary, secondary, tertiary and quaternary 

structure. The importance of these d ifferent levels of structure becomes clear when 

considering protein functions .  The p rote in fed to animals and people with IBD h as to be 

considered not only from the nutritional standpoint but also from the perspective that 

d ietary protein has the potential to cause further injury to the bowel through its antigenic 

properties and fermentation products. 

The bui lding b locks of proteins are ammo acids and their sequence (primary 

structure) determines the shape of the molecule 
242

. Approximate ly ten amino acids are 

essential nutrients and therefore determine the b io logical value of a protein i .e .  its qual ity 

or how well  a certain protein can provide for the needs of an individual. Consequently 

high b iological value proteins are recommended for the treatment of gastro intestinal  

disease 
3 1 3 , 327

. Excessive d ietary protein should be avoided 
327 

not only because of the 

al lergenic potential but also because protein fermentation g ives origin to mercaptides 
2 75

, 

ammonia 
1 0 and other products which may be detrimental to the health ofthe colonocytes. 
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Proteins are digested to amino acids and smal l peptides in the gut lumen . These 

digestion products are then absorbed by sodium coupled transporters 350. Peptides of a 

certain length (8 to 1 6  amino ac ids) 35 1 are effective antigens and/or al lergens and 

depending on their  shape wi l l  interact with antigen presenting cel ls 242 . The 

recommendation to use h ighly digestible prote in (e.g. above 87%) in the treatment of 

gastrointestinal disease is made in part with the aim of reducing the absorption of intact 

prote in and the amount/size of potential antigenic peptides 327. Small peptides have lesser 

affin ity for specific antibody than proteins 242, although IgE mediated reactions can be 

precipitated by very small doses of al lergens 352. 

D ietary peptides can be modified intracel lularly. This occurs to gl iadin in  patients 

with coel iac disease and T -cel l  recognition is heightened 16 1 . The effects of post-

translation modification of peptides can increase the b inding affinity of the peptide to a 

MHC complex, or cause cross-reactivity between al lergens, or abrogance oftolerance.35 1 • 

Most interestingly, peptide b inding to M HC I I  complexes is not as specific 353354 as once 

thought g iving ample room for cross-reactivity between two dietary proteins and between 

dietary proteins and self. 

Some antigens are more l ikely to induce allergic reactions than others. S ize,  

solubi l ity and stabi lity of the molecu le in addition to the protein folding characteristics are 

important in determining whether a prote in is allergenic. Common food allergens are 

stable in the presence of digestive enzymes in  an in vitro model of gastrointestinal 

• 242 355 01 I· 
. 

d 
. .  

d h I · I d ·fi 
. 

envIronment ' . yco IsatlOn, eammatlon an ot er posttrans atlOna mo I IcatIons 

can affect al lergen ic potential but are not critical factors 35 1 . Although structural features 
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are important determinants of allergenicity other factors (l ike mode of entry) are 

important as wel l .  Structural features are the main determinant of cross-reactivity, 

although structural similarity does not guarantee cross-reactivity 242 . In general, for cross­

reactivity 70% homology is required 242 . The abi l ity to predict if a protein wi l l  be 

allergenic is poor because of our lack of understanding on how allergy develops. 

Mapping protein folds goes someway towards aIlergen recognition but so far its main 

merit is its negative predictive value and not the identification of al lergen ic proteins 242 . 

In cases in wh ich the allergens are known, chemical and structural modification 

strategies to escape allergy have been proposed.  The aim is to avoid presentation of the 

antigen by IgE, at the same time as preserving l inear epitopes needed for presentation to T 

cel ls 24 1 .352 and by so doing change the nature o f  the inflammatory cascade. Genetic 

modification of food al lergens at source by agricultural b iotechnology has been tried but 

better methods of assessing allergenicity, as opposed to immunogen icity, are sti l l  n eeded 

before this  strategy wi l l  be successful 355 . 

This allergenic potential of  proteins is the reason why it i s  frequently 

recommended to feed one or more novel prote in d iets to companion an imals with IBD. A 

novel protein is a protein source the animal has not been exposed to previously and 

therefore the animal has less chances of being allergic to it. The first nove l  protein an 

animal with IBD is given during treatment is sometimes considered 'a sacrificial protein'  

because the animal i s  exposed to it whi le the gut barrier i s  dysfunctional and the 

possibility of adverse reactions to it is heightened. D iets that contain a smal l number of 

novel protein and carbohydrates are caIled by a variety of names including ' novel 
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prote in ' ,  ' controlled ' ,  ' restricted' ,  ' l imited antigen ' ,  ' selected protein' or 'e l imination' 

diets 3 1 3327 . 

The use of novel proteins and sacrificial proteins in lBD is based on the bel ief that 

food sensitivities can be important in the pathogenesis of IBD 1 0,327 . As explained before, 

there are enough alterations in barrier function and immune regulation in IBD to theorize 

accordingly and there is pre l iminary cl in ical data (see above) to support this practice . 

However, it is noteworthy that the connection between lBD and food sensitivity in 

humans has not been proven and therefore the use of novel protein diets remains 

speculative in human lBD 356 . The situation is  s imilar in the veterinary field, and made 

more so because, as discussed before, the d istinction between IBD and food sensitivity 

can be incredibly difficult 34,40. This fact alone perhaps justifies the precautionary use of 

hypoallergen ic d iets in  patients suspected to have lBD. A report on the protein 

digestibi l ity of current ' hypoallergen ic ' commercial d iets in America indicated that most 

fel ine d iets had a high apparent protein d igestibi l ity 357. On the contrary 'home-made'  

hypoal lergenic d iets were found to be nutritiously inadequate for adult maintenance 358 . 

However, a study in  i leal-cannulated dogs indicated that apparent digestib i l ity can be 

quite d ifferent from i leal dige stibi l ity in  raw and rendered animal by-products used in the 

petfood industry 359. If the differences are present and of s ignificant magnitude in the cat 

is uncertain but cats have shown reduced apparent digestibi lity of most macronutrients 

when compared to dogs consuming the same commercial foods 360. Nevertheless, the 

practical ity of commercial ' hypoal lergenic ' diets in c lin ical practice 361 and the fact that 

they are complete and balanced for adu lt maintenance support the ir use in IBD.  However, 

their efficacy as 'hypoallergenic' d iets has never been proven. 
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I n  recent years, hypoal lergenic d iets based on protein hydrolysates have become 

available for use by veterinarians in IBD patients. The hydrolysed d ietary proteins 

provide al l  the required amino acids necessary for the animal but prevent effective 

presentation of allergens. In IBD patients this may curta i l  any on-going food allergy and 

prevent the acquis ition of further allergies. It also reduces the difficulty identifYing n ove l 

protein diets in pets with a h istory of being fed a variety of protein sources and supersedes 

the concept of feeding a ' sacrificial '  protein. Hydrolysate diets have been used 

extensive ly in the management of cow's m i lk allergy in chi ldren and cl in ical benefits 

have been reported 362 . This approach is logical because it is the intact cow's mi lk protein 

and not the peptide fragments product of intestinal processing that releases the 

inflammatory mediators 232 . However, hydrolysates can cause allergic reactions 363 .  For 

this reason hydro lysates are usual ly careful ly tested in vitro for the ir residual a llergenic ity 

compared to the parent protein  364-366 . Thi s  testing is a sensible precaution prior to use of 

hydro lysates in c l in ical patients but is marred by the fact that the test protoco l involves 

raising antibodies in an artificial way (intraperitoneal or subcutaneous injection); also the 

ELISA inhib ition assays that are the cornerstone of the assessment measure antigen ic ity 

h th I I  . . 242 rat er an a ergen lC lty . Hence, efficacy and safety of these d iets can onl y  be 

defi nitely tested in c l inical trials. The use of dietary hydro lysates is new in veterinary 

medicine and their value in  treating food allergies and associated diseases is unknown 36 7  

although results in canine intractable IBD, although l im ited, are promising 368 . F el ine 

commerc ial d iets based on hydrolysates are avai lable 346 and await critical appraisal of 

their efficacy as hypoallergenic d iets. 
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Protein requirements in IBD 

Humans with IBD show an increased who le body protein turnover that corre lates 

with the severity of d i sease 
369

. Enteral feeding resu lts in a h igher rate of protein retention 

. 
h b d f h d · h 

. . . 370 37 1 I · . 
d In t e 0 y 0 uman neonates an pigs t an Intravenous nutntlon ' . t IS estimate 

that the portal-drained viscera account for up to 50% of the turnover of essential amino 

acids and 1 0-20% of the who le body energy expenditure 
372

. Thus, glutamine, glutamate, 

aspartate, serine, glycine, arginine, pro l ine, leucine, isoleucine and val ine are substantially 

extracted by the intestinal mucosa and the d ietary content of these amino acids is not fully 

availab le to the extraintestinal tissues 
373

. It is not yet known if gastro intestinal disease 

increases the total requirements for these amino-acids. 

However, protein metabo l ism is quite different in strict carnivores l ike the cat, 

when compared to other species. Cats have high requirements for protein and are 

susceptible to amino acid deficiencies, some of wh ich do not occur in  other species. 

Animal flesh is rich in all amino acids but particularly in arginine, taurine and sulphur 

amino ac ids 
304.3 74

, amino ac ids for which the cat has obl igate requirements. 

Most omnivores can increase intestinal transport of amino ac ids when consum ing 

a low protein diet. This i s  not so in the cat 
374

. In addition, a low protein d iet does not 

reduce fel ine protein metabol ism because the cat cannot downregulate aminotransferases 

and the enzymes participating  in the urea cycle 
3 75 . The increase in who le body protein 

turnover that can occur during IBD 
3 69 

and the h igher total protein requi rements in the cat 

raise the possibi l ity that this  species may be more sensitive to protein malnutrition during 
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IBD than other species. Weight loss is a common cl in ical complaint in cats with IBD 
1 2 

and hypoprote inaemia and hypoglobul in aemia have been reported 1 ,3 ,9 . However, these 

c l in ical signs and c l in ical pathological abnormalities are not particu lar characters of cats 

with IBD and they have many potential explanations includ ing anorexia and 

malabsorption.  

Arginine, ornithine and polyamines 

An impo rtant ro le for arginine  in the nutritional support of human IBD patients, 

espec ially ch i ldren, has been proposed 328 . Argin ine is bel ieved to be important in tissue 

healing and immune function 376. Moreover, arginine has a role in the maintenance of the 

intestinal epithel ium through the provision of polyam ines. Orn ithine, derived from 

d ietary arginine,  can be converted into polyamines l ike putrescine, spermid ine and 

spermine, albeit usually in smal l quantities 377. The intestinal m icroflora is a major source 

ofpolyamines in the large intestine, especially when fermentable carbohydrates have been 

added to the d iet 378. Ingested polyamines have shown a maturational influence in rat 

intestine increasing sucrase and maltase activity and reduc ing lactase 379,3 80 . In addition, 

polyamines have been reported as been essential for cel l  growth and protein synthes is. 

Intestinal polyamines decrease during fasting and increase on refeed ing as well as 

during intestinal recovery from injury. Orn ith ine, added to an enteral diet after fasting, 

increased the level of sucrase and lactase, crypt length and vi l lous he ight in rats 38 1 . Thus 

the provision of arginine and ornithine may be important during gastrointestinal disease . 

This may be more so in cats, which -as opposed to rat and dogs- are exquis ite ly sensitive 
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f h f h to argin ine e IC lency , ecause 0 ow activ ity 0 t e enzymes o . t e argm me-

orn ith ine-glutamate cycle 
383,3 84 

Argin ine is also a substrate for the synthesis of n itric oxide (NO) by action of the 

n itric oxide synthase 
3 85 . The l ist of gastrointestinal functions modified by NO is long and 

not complete ly understood. It inc ludes gastrointestinal motil ity 
3 86, the dysmoti l ity 

present after ischemia-reperfusion injury in the rat 
3 87

, maintenance of microvascu lar 

integrity and mucosal barrier 
3 88

, mucosal blood flow 
3 89

, Th I T cell d ifferentiation in 

mice 
390 

and the production of IgE-IgG in a model of food sensitivity in guinea pigs 
3 9 1

. 

In cats, NO has been shown to p lay a role  in modulating gastrointestinal permeab i l ity 
392

, 

colon ic mot i l ity 
393 

and neutrophil  adhesion 
394 . Kubes et al . ( 1 995) 

3 88 
showed that 

excessive NO does not cause any dysfunction in the cat small intestine. 

Nitric oxide has also been found to hasten the recovery of jej unal transport 

mechanisms after exposure to superantigens 
395 . Alternatively in the presence of oxidants 

it is bel ieved that NO med iates cel lu lar injury. Inflammation can induce the expression of 

induc ible n itric oxidase synthase in macrophages and neutroph i ls  
1 22,3 85

. N itrates, the 

stable end products of nitric oxide, are i ncreased in the serum and intestinal b iopsies of 

patients with u lcerative col itis and Crohn 's  disease 
396-398

. Macrophages and neutroph ils 

are common in human IDD but not so in fel ine IDD 
20

. Therefore the importance of th is  

path of tissue injury is  debatable i n  cats . 

The multipl icity of actions of NO w�s suspected to be the reason arginIne 

supplementation I n  guinea pigs with peritonitis was beneficial at low levels but 
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catastroph ic at high levels 
399

. More research is needed into the effects of argin ine 

supplementation of the d iet of animals with gastrointestinal d isease, especia l ly in spec ies 

l ike the cat that has a high requirement for th is amino ac id .  

Nucleotides and nucleosides 

Nuc leotides and nucleosides are required for the cel l  renewal that occurs 

constantly in tissues such as the intestinal epithel ium.  Dietary nucleotides have been 

shown to have an effect on growth and maturation of the gut in young rats 
400 and can be 

derived from intestinal desquamating cel ls and the diet. There is a de novo synthetic 

pathway in the enterocyte that uti l izes glutamine but is not usual ly active 
40 1 . Nuc leotides 

and nuc leosides are needed by all rap id ly divid ing ce l ls includ ing lymphatic tissue 
40 1 . 

For th is reason d iets free of nuc leotides/nucleosides are considered immunosuppressive 

1 0,328, 3 70,40 1 
While this may be theoretical ly advantageous in IBD because of the 

suspected immune basis of the d isease, mucosal heal ing wou ld also potentially be 

. 
d 328 

compromise . 

A recent report indicates that nuc leotides accelerate intestinal recovery from 

fasting in o lder rats 402 . Furthermore, oral nucleotides have hastened histological recovery 

from osmotic diarrhoea in rats 
40 1 

and intravenously administration of nuc leotides has 

been reported to heal indomethacin intestinal ulcers 
403 . In contrast, administration of 

nucleotides aggravated dextran sulphate sod ium induced colitis in rats 
404

. In IBD, 

nuc leotide free d iets and 6-mercaptopurine treatment have been beneficial in the treatment 

of Crohn 's d isease 
328 . Because of these contradictory findings h igh concentrations of 
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nuc leotides shou ld not be added to the diet of IBD patients until further research is carried 

out. 

Glutamine 

Glutamine is cons idered a non-essential amino acid in al l spec ies, yet it has been 

found to be an important metabol ic fuel to rapidly dividing cel l s  l ike enterocytes and 

immune cells 
405 

and may become essential during the body's response to bums, trauma 

and sepsis 
406

. Glutamine has a rapidly exchangeable amino group and a carbon chain . 

Therefore, it acts as a crossroad between nitrogen and carbon metabo lism. In most 

species it is part of a group of inter-converting amino ac ids includ ing glutamate, proline, 

arginine and ornithine 
407

. In the cat this  potential conversion into another amino acid is 

curtai led because of the lack of enzymes necessary to convert glutamate into ornith ine and 

I· 384 pro me . 

The gut removes up to 25% of the systemic flux of glutamine 
3 72 . In accordance 

with this observation the addition of a stable deceptive of g lutamine to TPN solutions has 

been found to improve morphometric intestinal parameters and reduce permeabi lity in rats 

408
. However, the beneficial effects of d ietary supplementation with glutamine have been 

less spectacular and conflicting reports are frequent in the literature 372 . Reeds et at .  

(2000) 
409

, reports that enteral g lutamate, enteral glucose and arterial g lutamine contribute 

36, 6 and 1 5  % of the CO2 production in the portal drained viscera. These observations 

establish that glutamate is the most important substrate for the metabo lic activity of the 

enterocyte. 
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Several actions have been ascribed to glutamine in the gastro intestinal tract. 

These include oxidative protection, trophic effects on the mucosa, maintenance of b lood 

flow, reduction in mucosal permeabi l ity and bacterial trans location, improved cytotoxic T 

ce l l  function and increased IgA secretion 370,405,4 1 0-4 1 2. Glutamine supplementation during 

gastrointestinal disease has not been exhaustive ly researched in veterinary science. In a 

mode l of u lcerative co litis in rats, glutamine feeding before the appl ication of 

trin itrobenzene su lphon ic acid was effective in reduc ing the concentration of 

inflammatory cytokines in the colonic mucosa, colonic injury and bacterial translocation 

4 1 1 . Conversely, the administration of enemas with glutamine after the induction of col itis 

failed to improve the inflammatory response in the same col itis model 406 . Glutamine 

adm inistration to dogs undergo ing rad iation therapy compared with a placebo group has 

been reported to be benefic ial 405 . However, the addition o f  glutam ine to a purified d iet 

fed to cats with methotrexate induced enteritis did not reduce permeabi l ity or bacterial 

translocation 4 1 3 . 

Limited research has been done on the cl inical advantages of glutamine 

administration in animals with gastrointestinal disease and the results are contradictory. It 

is possible that the methotrexate mode l of enteritis in cats is too severe to show an 

advantage of glutamine supplementation, especial ly because l ittle recovery time was 

al lowed in that report. Therefore further research into the benefits of glutamine 

administration to patients with gastrointestinal d isease is warranted. 
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Taurine, cysteine and methionine 

The cat requires the sulphur containing amino acids cysteine and methionine at a 

h igher level than other mammals. These amino acids are interconvertible and can be 

util ized to synthesize two other amino acids, taurine and fel in ine, which are important 

only in the cat. Taurine is a beta-sulphonic amino acid required by c ats in their d iet. Cats 

can only partially fulfil led their taurine needs by synthesis from sulphur contain ing amino 

acids cysteine and methionine 3 75 because of the low activity of two enzymes in the 

metabo lic pathway that converts cyste ine to taurine 304 . Fel inine is an amino acid that is 

produced in very h igh amounts in entire male cats but in minor amounts in female cats 4 1 4 . 

Hence, the synthesis of these two amino acids cannot explain the increased requirements 

of sulphur containing amino acids by the cat. 

Taurine deficiency m cats causes retinal degeneration, developmental 

abnormal ities, reproductive fai lure, d ilated cardiomyopathy and compromised immune 

function 4 1 5 . Losses of taurine are assured in the cat because cats conjugate bi le acids 

I 
. 

h 
. 

d ·th I . 4 16 I ·k h 
. 

h d d 4 1 7 4 1 8 on y Wit taunne an not WI g ycme un I e ot er species suc as rats an ogs ' . 

However, the bi le acids conjugates are usual ly efficiently recovered by the entero-hepatic 

c irculation 304, but the nature of the d iet affects this recovery. Canned food increases b i le  

acid excretion, especial ly  secondary b i le acids and need to be supplemented w ith a h igher 

I I f 
. 

h d d· 4 1 7 4 1 9 420 42 1 Th f d· 
. 

I ffi eve 0 taurme t an ry lets ' . ' . e source 0 letary protem can a so a ect 

taurine status in cats 422 as can the quality and quantity of protein 423 . Slowly or poorly 

digested proteins appear to increase the loss of taurine possibly due to increased bacterial 

metabol ism on the luminal protein remnants. 
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The immunological consequences of taurine deficiency are many. Taurine 

defic iency in the cat decreases the n umber of white cel ls, reducing neutrophi l  oxidative 

burst, increases gamma-globul ins and alters splen ic  structure 424 . Taurine has also been 

shown to be a strong antioxidant protecting membranes from oxidative damage 4 1 9 . 

Taurine i s  found in h igh levels with in cat leukocytes 424 . It has been suggested that this 

may be a protective mechanism because taurine can sequester hypochlorous acid in 

neutrophi ls  and hence protects cell membranes against cel lu lar peroxidation. Taurine 

deficiency increases the expression of MCH II antigens in cat lung macrophages 425 . 

These effects of taurine defic iency may one day be shown to affect the course of 

gastrointestinal diseases such as IBO but to date no such assoc iation has been 

demonstrated. 

Fats 

Traditionally, animals with diarrhoea are provided d iets with a restricted fat 

content because malabsorbed bile acids and fatty acids are known to p romote colonic 

. 
d ·  d b· l ·  3 1 3 426 42 7  H h 

. 
secretIOn an mcrease permea I lty , , . owever, steatorr oea I S  not a common 

I · · 
. 

h IBO 3 5 9 4 1 428 comp amt m cats Wit ' " ,  . Furthermore, the provision of fats during 

gastrointestinal d isease al lows adm in istration of much needed calories in a small volume 

and enhances palatabi lity, both of which are important in cats with IBO because two of 

the most common clinical  s igns are anorexia and weight  loss 34 5 . Cats appear to be more 

tolerant than dogs to a h igh fat d iet 3 1 3 . Nevertheless, because fat malabsorption c an 
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contribute to osmotic d iarrhoea, and h igh fat diets induce de layed gastric emptying (and 

thus may result in increased nausea and vomiting) 3 1 3, it has been recommended that cats 

with gastro intestinal d isease do not consume a d iet with more than 22%DM fat content 

327 

In addition to the calories prov ided by d ietary fats, these nutrients have important 

structural and immune functions. A proport ion of d ietary fatty ac ids are incorporated into 

cel l  membranes and uti l ized later for the production of e icosano ids. Eicosanoids vary in  

their pro-inflammatory nature i n  accordance with their  parent fatty acid. The effect of 

dietary fatty ac ids on intlammation was first considered when epidemio logical stud ies of 

human populations that consume d iets rich in fish o i ls revealed a marked reduction in the 

prevalence of chronic inflammatory and c ircu latory diseases 429 .  Since that time, 

considerable research effort has been devoted to better understand ing the mechan ism of 

action and c l in ical importance ofthe phenomenon. This is briefly summarized below. 

Fatty acids from an imal, vegetable and fish differ in their chemical structure, 

mainly in the ir length, and the number and position of their double bonds. Changes can 

be conferred on the molecules through the activ ity of several desaturases (add double 

bonds) and elongases (lengthen the carbon chain). However, the first double bond on the 

non-carboxyl ic end of the molecule cannot be changed. The position of th is double bond 

determines the ' series' of fatty acid to which a particular fatty acid be longs. Fatty acids 

from different series are not interconvertible 430. The most important fatty ac ids series are 

cal led n-3 , n-6 (includes the essential fatty ac ids such as l ino leic acid) and n-9 (non­

essential fatty ac ids) 43 1 . There is sti l l  debate as to whether n-3 fatty acids are essential 
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432-434
. Most of the structural fatty ac ids be long to the n-6 series. These can be exchanged 

for fatty ac ids from the n-3 series, even though the latter cannot fu lfi l al l the functions of 

the n-6 series e .g. dermal integrity, renal function and parturition 
432

. 

Most mammals require l inoleic ac id in the diet ( 1 8 :2 n-6) from which the other 

essential fatty ac ids can be manufactured. Linoleic acid is found in vegetable and seed 

o i ls. However, the cat has low activ ities of delta-6 desaturase 
304

,
43 5

, the enzyme that 

converts l ino le ic ac id to gamma-l inolenic ( 1 8 :3 n-6). Cats also have low levels  of delta-5 

and delta-8 desaturase and as a resu lt cannot synthesize arachidonic ac id (20 :4 n-6) 
43 1

,
433

. 

Gamma-l inolen ic acid can be prov ided by such supplements as evening primrose o i l  
430

. 

Arachidonic ac id is obtained by the ingestion of the structural l ip ids in meat i .e.  lean meat 

43 1 

The composition of the structural l ip ids in cel lu lar membranes is mainly 

determined by the dietary rat io of n-6:n-3 fatty acids 
432

. Structural l ip ids are important 

because they can influence cel lular membrane function, affecting display and activity of 

transcel lu lar receptors (including MCH 1 I ) and also barrier function 
430

,
433

. However, the 

princ ipal therapeutic effect of n-3 fatty ac id supplementation is thought to operate by 

modification of the type of eicosanoids produced from these structural l ipids. Thus, L ing 

et al ( 1 998) 
43 6, concluded that the main anti inflammatory effect of fish oils in  rats was 

princ ipal ly through the reduction of arach idon ic acid in plasma phospho l ipids. When n -3 

fatty ac ids are incorporated into structural l i pids, the e icosanoids produced 

(prostaglandins of the 3-series and leukotrienes of the 5-series) are less inflammatory than 

those derived from membrane l ip ids formed from the n-6 fatty acids (prostagland ins of 
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the 2 series and leukotrienes of the 4 series). There is also a pool o f  free, non-esterified 

fatty acids available for eicosanoid synthesis, which has a h igher composition of n-3 

unsaturated acids and responds faster than membrane phosphol ip ids. This poo l of non­

esterified fatty acids is dependent on the d ietary intake of fatty acids 
432 ,43 4

. 

The dose and duration of supplementation of fatty acids have been very variable  in 

the smal l number of published reports of the therapeutic use of fatty acids in the 

veterinary field 
433.434.

43 7
. In humans, von Schacky ( 1 985) 

42 9 
showed that several 

variables affected the results of fatty acid supplementation including dose, length of 

supplementation period and tissue invo lved. In addition , a 'ce i l ing effect' of dietary 

supplementation with n-3 fatty acids h as been reported 
432 .436

. There is a non-linear 

relationship between d ietary n-3/n-6 actions in the maintenance of eicosanoid precursors 

in tissues . Thus, large changes in the adm in istration of a particular oi l  (as percent dietary 

energy) above a certain thresho ld produces l ittle further chan ge in the proportion n-6 :n-3 

of tissue fatty acids. However, the study of this response is biased by the fact that most 

d iets in the western world contain main ly n-6 fatty acids and most tissues are at their  

maximal capacity in n-6 fatty acid content 
432

. 

Human intestinal cells supplemented in vitro with d ifferent fatty acids, especially 

e icosapentaenoic acid (EPA) from fish oi l ,  have shown modulation of fatty acid  

desaturases and decrease of  the production of arachidonic acid 
43 8 . However, s ince the cat 

has very low activity of these enzymes this  effect ofE PA in cats is l ikely to be negligible .  

Other reports on the in vitro effects of n-3  fatty acids suggest that they promote 
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pro l iferation, migrat ion and restitution of the intestinal epithel ium after inj ury in rats 439 

and lower the expression of M HC I T  comp lexes and integrin molecules in monocytes 440 . 

Interestingly, EPA seems to be more effective than docosahexaenoic acid (DHA) 

although in a pro-inflammatory s ituation (addition of IFN-gamma) DHA does show 

s imi lar effects to EPA 439,440 . 

From the in vitro data above, it would be logical to bel ieve that direct 

incorporation of EPA and DHA in intestinal cel lular membranes may be beneficial . A 

change in the composition of cel lu lar membranes has been shown to occur in human 

. ·th IBD 44 1 d I I 442 h . d '  I . patIents WI an co orecta cancer t at were gIven letary supp ementatlOn 

with fish o i ls. However, cel l  prol iferation in the colon of the patients with co lon cancer 

was not normalized in contrast to the in vitro data. Interestingly, it  was not on ly the n-3 

ac ids but also the n-6 acids that showed benefic ial effects in promoting intestinal healing 

. . 439 d '  I . h d . I 443 In vitro an In ma nouns e pIg ets . 

Some eicosanoids derived from n-6 fatty ac ids have been incriminated in the 

pathophysio logy of IBD in  humans inc luding thromboxanes, prostagland ins and 

leukotrienes. Prostagland in E2, thromboxane B2 and leukotriene B4 predom inate in 

u lcerative col itis 208,444 -44 6. These med iators have been directly corre lated with an 

increased secretory response in the colon 444 . Furthermore, the ti ssue damage and cl inical 

signs of col itis are effectively treated with corticosteroids  and sulphasalazine, both of 

wh ich inhibit e icosanoid production 1 2 2,447 . Moreover, colon ic eicosano id concentrations 

have been postulated as rel iable pred ictors of re lapse in ulcerative col itis 448. M ice 

deficient in most types of prostanoid receptors do not develop co l itis when treated with 
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dextran-sodium-sulphate 
449 

and reduction in eicosano id production in the colon fol lowing 

fish o i l  supplementation has reduced progression of disease in a rat model of co l itis 
450

. 

Similarly a reduction in e icosanoid production and an improvement in c l in ical signs have 

been reported to occur in ulcerative colitis and Crohn's disease in people as a result of 

fish oi l  supplementation 
44 1 . It  i s  noteworthy, that simi lar c l inical improvement (without a 

change in eicosanoid production) was also seen in the latter study fo l lowing 

supplementation with o live o i l  (77% o leic acid 1 8 : 1  n-9 and 7% lino leic acid 1 8 :2n-6). 

This study points to an unknown beneficial effect of o l ive oil on inflammatory processes 

and raises the possibil ity that the benefits of fish oi l  may not be mediated entirely by the 

n-3 fatty acids-mediated reduction of inflammatory eicosanoid production . Recently it 

has been reported that the pheno ls present in o live oi l  are absorbed by the intestine and 

can behave as effective antioxidants [Vissers, 2002] . 

Despite some c l in ical success, supplementation with fish o i ls remams 

controversial in the management of IBD. The results of some trials in patients with 

ulcerative co litis and Crohn 's disease have shown promise 
44 1 ,45 1 

whereas other trials have 

not been successful 
45 2 . Further controversy arises because high levels of polyunsaturated 

fatty ac ids, includ ing arach idonic acid (20 :4 n-6) and DHA, have been found in the 

p lasma of IBD patients with both active and inactive d isease 
45 1

,
4 5 3

. This observation 

questions the need for essential fatty ac ids and fish o i l  supplementation in IBD. 

The dietary provision of fatty acids may be useful  in reducing the side effects of 

corticosteroids and non-steroidal antiintlammatory drugs. These medications inhibit 

formation of eicosanoids and impair the physiological benefits eicosanoids have in several 
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organs and tissues including the gastrointestinal tract 439,449. Much research has been done 

recently on the enzymatic selectivity of anti inflammatory drugs to avoid affecting the 

homeostatic functions mediated by eicosanoids but gastrointestinal damage is sti l l  

possible 328,454 and may be amenable to fatty acid supplementation .  It has been suggested 

that the effectiveness of fish o ils in c l in ical trials has been reduced by the excessive intake 

of n-6 fatty acids 432 . Even when th is is taken into consideration, however, fish o i ls have 

not proven to be as c l in ically effective as expected 292,300 . In the future it may be 

established that the primary c l in ical benefit of n-3 fatty acids in an imals wil l  be to permit 

c l in ic ians to �se lower doses of anti inflammatory drugs 327,356,455. This ' steroid-sparing' 

effect has been shown in u lcerative col itis in people 300. Given the sometimes serious 

side-effects of the d rugs used in the treatment of lBD in people and pets, th is potential 

'stero id-sparing' effect may be of significant c l in ical value. 

F i sh oil supplementation of cats is compl icated by the need to provide arach idonic 

acid to meet nutritional requirements. Competitive interactions between n-6 and n-3 fatty 

acids such as arachidonic ac id and EPA are thought to determine the 'cei l ing effect' 

mentioned before in membrane phosphol ipids composition 432 and e icosano id production 

456 Arachidon ic acid and EPA behaved as antagon ists when g iven together 456and 

arach idonic ac id negated the effects of EPA. These results m ight be explained by the fact 

that, as explained before, both series of fatty acids, n-3 and n-6, compete for the same 

enzymes but the n-3 cascade is weaker and slower than the n-6 cascade 432 . In addition 

d ietary arach idonic acid is spec ifical ly and preferential ly incorporated into phospholipids 

456. Perhaps an optimal ratio between arachidon ic acid and n-3 fatty ac ids can be found in 

cats that wi l l  demonstrate to be beneficial in cats with gastrointestinal disease. Results of 
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the use of different fatty acids in cats with dermatitis indicate poor effectiveness of dietary 

supplementation with n-3 fatty acids and positive effects of l inole ic or gamma- l ino len ic 

fatty acids ( 1 8 :2 and 1 8 :3 n-6) supp lementation 433 . 

Other type of fatty ac ids present in foods, such as conjugated l inoleic ac id (CLA), 

trans-fatty ac ids and med ium chain fatty ac ids, can affect gastrointestinal structure and 

function. Conjugated lino leic ac id is a mixture of isomers of l ino le ic ac id and is produced 

by rumen fermentation .  It i s  found in meat, mi lk and other dairy products. C L A  has 

shown immunomodu latory effects in p igs affecting main ly  the c irculating gamma-delta T 

cel l s  and possibly hav ing anti inflammatory effects 4 57 . In vitro, trans-\ 0 CLA have been 

shown to affect the distribution of tight junction proteins and to increase permeabi l ity to 

mann i to l  458. Other trans-fatty ac ids have shown no beneficial effect on intestinal healing 

in vitro 439.  These observations are interesting because epidemio logical stud ies have 

l inked I B D  to the consumption of fast foods 67 . Trans-fatty ac ids are formed during food 

processing, they are not on ly bio logical ly inactive but they are also antagon ists of 

essential fatty acids 459. Despite this, healthy cats fed oxid ized l ipids (trans fatty acids 

increase during fat oxidation) did not show any de leterious effects but they d id need to 

consume more food to maintain body we ight 460. 

Lastly, medium chain fatty ac ids (MCT), usual ly as coconut o i l ,  have been used to 

prov ide extra calories to animals and people with gastrointestinal d isease because their 

absorption theoretical ly is s impler than that of long chain fatty ac ids. These fatty acids 

have 8 to 1 0  carbons and are thought to be mainly absorbed directly into the blood stream 

with no need for esterification in the enterocyte 327 . However, there are reports in dogs 
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showing the absorption of some MCT via the lymph 46 1 . F urthermore, when MeT are 

given in excess to people they do become incorporated in chylomicrons 462 . More 

worrisome is that they h ave been associated with hepatic l ip idosis in the cat 463 .  

The use of MCT i n  d ifferent models o f  trauma in  rats has shown that MCT are 

most effective at increasing body weight, jejunal mass and gastrointestinal absorptive 

function when MCT is not more than 40 % of the total l ip ids administered oral ly. 464 .  

H igher levels were deleterious 464 . I t  i s  usually recommended to feed MCT to veterinary 

patients at no more than 30% of daily calories although palatabi l ity and d iarrhoea due to 

malabsorption are common complications 
327

. 

In summary, fats are a concentrated source of energy and supply essential fatty 

'd h 'f d fi '  d h d 
. 

f h '  
. . , 328 465 act s t at t e lClent, ecrease t e a aptlve response 0 t e IntestIne to Injury , . 

Essential fatty acids, such as l inoleic ac id, have shown benefic ial effects in people with 

IBD and cats with inflammatory conditions of the skin that are equal or superior to those 

shown by ' anti inflammatory' n-3 fatty ac ids. The therapeutic benefit (if any) of providing 

n-3 fatty acids to patients with IBD requ ires further research, inc luding the detennination 

of the appropriate ratio of n-6/n-3 fatty ac ids and perhaps the ratio of n-3 fatty ac ids with 

arach idonic acid . It has been recommended that not more than 4% of energy intake be 

included in the d iet as n-6 and n-3 fatty acids in small veterinary patients. Changes in the 

cellu lar membranes of the intestine are expected to occur after 4 weeks of 

supplementation and wil l  take several weeks to disappear 434 .  The relevance oftrans-fatty 

acids in petfoods and their  l ink with d isease remains to be e lucidated. 
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Minerals a n d  vitam ins 

Several vitamin  and mineral defic iencies have been reported in patients with mD, 

princ ipal ly in those with Crohn's disease affecting the small i ntestine 
300,302,328

. However, 

the re lationsh ip between these defic iencies and the severity of disease, as wel l  as the 

importance of d ietary v itamin  and m ineral supp lementation has not been establ ished 
292

. 

Malnutrition because of lower food intake i s  common in humans with [BD and may be 

the main cause of these defic ienc ies 292 . Other potential contributing causes may be poor 

absorption, increased losses, increased requirements or s ide effects of med ication. For 

examp le, it is  we l l  known that sulphasalazine decreases the absorption of folate, 

corticostero ids affect calc ium metabo l ism and antibiotics can affect the provis ion of 

vitamin K 300,302
. 

Fat soluble vitamins 

Lipid malabsorption may adverse ly affect the absorption of l ipid soluble v itam ins 

l ike vitamin A, D, E and K 300. However, malabsorption of fats is not common in human 

[ B D  patients 300 and it has been reported on ly sporadical ly in cats with [ B D  4 1 . The 

perce ived association between fel ine [BD and pancreatitis 45, and between fel ine 

pancreatitis and exocrine pancreatic insuffic iency 4 66  increases the poss ib i l ity of fat 

malabsorption in cats with IBD.  Another factor that may affect the fat so luble v itamin 

status of IBD patients is the adverse effects of [BD on prote in metabo l ism, which can 

decrease the concentration of serum binding proteins of  vitamin  A 
300, 328 . The use of fat 

restricted d iets may be another factor compromising fat so luble vitamin status in I B D  
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patients. The intake of vitamin A and E, as a risk factor for the development of Crohn's 

disease, has been investigated 467. Consumption of v itamin E was found to have a strong 

negative association with the onset of the d isease. 

Both vitamins A and E have an antioxidant function and for th is reason they have 

been attributed importance in chronic inflammatory diseases 468 . These v itamins are 

effic ient scavengers of free radicals 469-472 . Vitamin E is found in ce l lu lar membranes 

c losely associated with po lyunsaturated fatty acids, which are very sensitive to free 

radicals damage 47 1 . 

Cl inically overt vitamin E defic iency has been described in cats as a result of  long 

term consumption of o i ly fish 473 and has been also experimentally produced 474 . 

However, high quality fish o i l  does not seem to increase the requirement for the vitamin 

475 There seems to be a large inter-individual variation in sensitiv ity to vitamin E 

deficiency in the cat 4 1 9,473 . The cl in ical presentation of vitamin E deficiency is distinctive 

in the cat 350 but it has not yet been reported in cats as a consequence of gastro intestinal 

d isease . 

Some human patients with IBD have developed v itamin A defic iency 300,328,476 . 

Cl in ically overt v itamin A deficiency has been experimentally produced in cats using 

purified diets 477.  To my knowledge, however, v itamin A deficiency has never been 

reported in cats as a consequence of gastrointestinal d isease. 
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Carotenoids (v itamin A precursors in some spec ies) have antioxidant properties of 

their  o wn (not by conversion to vitamin A) and by comparison are much better 

antioxidants than vitamin A 468 . Carotenoids have been found to act as immunomodulators 

in people 478 468 and dogs 479 . An imal ti ssues contain very smal l amounts of carotenoids 

(un like plants) and cats show a very low activity of the enzyme that converts carotenoids 

to v itamin A (carotene d ioxygenase) 304,4 77 . Despite this, cats absorb carotenoids (lutein) 

from food to much higher serum concentrations than dogs, and do incorporate them into 

Iymphocytes and neutrophi ls .  However, if carotenoids act as immunomodulators in cats it 

is sti l l  unknown 479 

Vitamin K h as been reported to be frequently defic ient in patients with IBD as a 

result o f  malabsorption or antibiotic treatment 328. Simi larly, two cats with Iymphocytic­

plasmacytic enteritis ,  malabsorption, probable vitamin K deficiency and a haemorrhagic 

diathesis have been reported 480. Feline IBD is sometimes assoc iated with hepatic and · 

pancreatic d isease 45 and is not possible to discount the possib il ity that vitam in K 

deficiency was the resu lt of advanced liver 1 66 or pancreat ic 48 1 pathology. 

292,300 

Vitamin D defic iency and bone loss are common in human patients with IBD 

Corticostero id therapy is considered the main cause of bone loss in u lcerative 

co l itis, but in Crohn's  disease the bone loss is corre lated with disease activ ity and may be 

mediated by TNF-alpha 292. The cat has an obligatory dietary requirement for vitam in 0 

because of the high activity of 7-dehydrocho lesterol-delta 7-reductase that converts the 

skin precursor of pro-v itamin 0 to cho lesterol, so by-passing the v itamin 0 synthetic 
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pathway 304. Unfortunately, vitamin D status of cats with anorexIa or severe 

gastrointestinal disease has not been stud ied. 

Water soluble vitamins 

Deficiency of water so lub le vitamins has been reported in smal l numbers of 

human patients with IBD but as a ru le their supplementation is not warranted 476. Low 

serum concentrations of v itam in C, th iamine, fo late, vitamin B2, vitamin B6, vitamin B I 2, 

biotin, n iacin and pantothenic acid have been described in human IBD patients 292,482 . 

Folate absorption is affected by sulphasalazine and is usually supplemented in human 

patients with IBD 300,328,482. V itamin B I 2 has been reported to be decreased in a group of 

Crohn ' s  disease patients with severe involvement of the ileum or short bowel syndrome 

without i l l -effects 292,482,483. In one report, bacterial overgrowth, i leal resection and 

d· 
. .  
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B d fi 
. 483 Isease actIvIty I not Increase e rIS o . vItamIn 12 e IC lency . Caution  is 

necessary in interpreting serum values of vitamin B I2 because they may not be 

representative of the intracel lular values 484. High levels of homocysteine have been 

observed together with normal serum concentrations of v itamin B 1 2  in humans with IBD, 

perhaps ind icating intrace l lular deficiency of v itam in B I2 483 . 

Two studies have been publ ished reporting the serum concentrations of fo late and 

vitamin B I 2 in cats with IBD. In one study the cats were found to have normal serum 

fo late concentrations but half o f the cats had low serum concentrations of vitam in B I 2 485 . 

in the second study, some cats had high serum concentrations of folate along with reduced 

serum leve ls of vitamin B I2 
486

. Cats with moderate to severe gut IBD lesions in intestinal 

biopsies consistently show a decreased vitamin B 1 2 concentration 486,487. The cause for 
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the lower levels of vitamin B I 2 in the cats with m n  is unknown . However, cats with m o  

given vitamin B I2 parenterally show rapid depletion of th is v itamin when compared to 

healthy cats 486. Also an association between m n  and pancreatitis was observed in the 

cats with decreased vitamin B 1 2 concentration 486 suggesting that the accompanying 

pancreatitis may be the reason for the low concentration of vitam in B 12 in these cats. In 

th is context, it has been reported that fel ine intrinsic factor, wh ich is required for v itamin 

B 12 absorption, originates in the pancreas 488. It  is uncertain if alterations of the bacterial 

flora in cats with m o  contribute to the decreased level of v itamin B I 2  seen in the serum of 

cats with th is disease. However, it has been shown that the admin istration of antibiotics 

reduces bacterial counts in the duodenal fluid and th is change is accompanied by an 

increase in serum concentrations of vitamin B I 2 and albumin 489. The interre lationship 

between prote ins and vitamin B I2 i s  interesting because abnormalities of amino ac id 

metabol ism have been reported in cats with low serum concentrations of vitamin B 1 2 
490 

Neverthe less, no clinical impact of the lower levels of v itamin B I2 has been reported in 

cats with m D .  Retardation of growth rate was the main consequence of deficiency of 

vitamin B I 2  in kittens fed v itamin B 12 defic ient purified diets49 1 . 

In most spec ies niac in is provided by the diet and by endogenous synthesis from 

the amino-ac id tryptophan 350 . The cat has al l  the enzymes necessary for synthesis but the 

high activity of alpha-picol in ic carboxylase removes an intermediate of the synthetic 

pathway too rapidly for any synthesis of niacin to occur. Thus, tryptophan is converted to 

glutamic acid and not to n icotin ic acid 492 . Consequently, the d ietary requirements of 

nicotin ic ac id are increased for the cat. Under normal c ircumstances this should not cause 

problems in a strict carnivore because tryptophan and n iacin are abundant in animal flesh . 
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Cats do not survive if the diet is devoid of niacin even when h igh leve l s  of tryptophan are 

present 492 . Pel lagra, the c l in ical state of niac in defic iency, has been reported in two 

human 18D patients 476 but not in cats with IBD or other gastrointestinal diseases .  

Vitamin C has been reported to be low in patients with Crohn ' s  d isease 328 . In 

epidemiological stud ies a h igh intake of v itamin  C has been found to have a strong 

negative assoc iation with the d isease 467 . Cats synthesize v itamin C and have no daily 

requirement for th is compound 350. Vitamin C deficiency is, therefore, un l ike ly to play a 

significant ro le in the pathogenesis offel lne 18 0. 

Although th iamine deficiency has not been reported in cats with gastrointestina l  

disease a combination of factors suggest that such cats are l ikely to be at s ign ificant risk 

of thi s  defi c iency. Cats have a h igh requirement for th iamine compared to other species 

and the v itamin is poorly stored compared to fat so luble vitamins. In addition, many IBO 

cats are anorectic to some degree . Lastly, the process by wh ich commercial pet foods are 

produced i ncreases the losses  of vitamin B I , a lthough th is  loss is usually offset by 

addition of extra th iamine 350,4 1 9. 

Minerals 

Decreased serum concentration of iron, magnesium, selen ium, calcium, potassium 

and zinc are commonly seen in humans with I B D .  However, serum concentrat ions are 

not always a d irect ind ication of deficiency 292,300,328,482,493 as the concentration of 

minerals can be influenced by alteration of serum protein concentrations .  328,494 . The 
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value of mineral supplementation of humans with IBD is  un known 292 with the possible 

exception of zinc supplementation 494 . 

The importance of mineral deficiencies in cats with IBD is unknown but depletion 

of potassium is possible given that anorexia is common in fe l ine I B D  and can be 

accompanied by increased losses of potass ium through diarrhoea and vom iting 1 0, 1 66 . 

Antioxida nts 

Reactive oxygen metabol ites (ROM) are thought to be an important cause of tissue 

damage in IDD 1 22,208,495,496 . A sign ificant part of  the knowledge gained about oxygen 

radical damage has been obtained through models of ischemia, some of which have 

invo lved ischaemia and reperfusion in the intestine and stomach of the cat 497-500 . 

Xanth ine oxidase (smal l intestine contains the greatest activity of th is  enzyme) 

and/or the activ ity of neutroph ils 499,5 0 1 -5 03 are considered to be the main sources of ROM 

in  the gastrointestinal tract. The gastrointestinal tract also contains considerab le amounts 

of antioxidant enzymes l ike superoxide dismutase (SOD), catalase (CAT) and glutath ione 

peroxidase (GSH-Px) 504 that bind and degrade the ROM to less reactive forms . 

Oxygen rad icals produce DNA damage, degradation of ce l l  prote ins  and oxidation 

of ce l l  membranes, leading to metabo lic derangements and eventually ce l l  death 503,505 . 

Damage to the duodenal v i l l i  with ep ithe l ial loss and increase mucosal permeabi l ity to 



95 

album in was documented in a model of ischemia  in the intestine of the cat. However, the 

increase in permeabi l ity is now bel ieved to be caused by d isruption of the epithel ium 

during neutroph i l  transmigration and not by the re lease of oxygen rad icals 503 

The importance of reactive oxygen metabol ites has been studied in  experimental 

col itis in rats 502,504. The study by Keshavarzian et al ( 1 990) 502 suggests that superoxide 

anion is the most important oxygen radical in th is model . The effectiveness of 

sulphasalazine in experimental mode ls of co l itis and in human col itis also supports a ro le 

for ROM in co l itis. Numerous pub lication s have shown the value of th is drug as a rad ical 

scavenger 502,506,507 . Dal legri et al ( 1 990) 50 7 showed that the cytoprotective effect of 

su lphasalazine is due to its effect on hypochlorous ac id. These findings indicate that 

neutrophi ls are an important cause of oxidative damage in th is model of col itis. 

The ro le oxygen radical damage plays in fel ine m D  is unknown . Whi le 

neutrophi ls are present in the mucosal infi ltrates of fel ine IBD they are not the main 

inflammatory ce l l  1 2.  Th is reduces the l ike lihood that ROM play a major part in fe l ine 

mD but does not el iminate th is  possibi l ity because of the other potential mucosal sources 

of ROM. 

The risk of tissue damage from the increased production of ROM in  IBD is 

compounded by decreased concentrations of antioxidants and reduced activities of 

antioxidant enzymes. In experimental col itis in rats and in human patients with mD 

glutathione, SOD, metal loth ionein concentration and activity were reported to be  reduced 

496 504 B ·d th d · f · ·d ( . . tl d · ·  mO) b ' . eSI es, e pro uctlon 0 elcosanol s mam In ammatory me lators m y 
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oxidation of arach idonic acid reduces the amounts of vitamin E, vitamin C and reduced 

glutath ione 508 . 

Glutath ione synthesis inhibition is known to cause intestinal tract damage in m ice 

509 It is noteworthy that glutathione status is responsive to nutritional management. Oral 

glutathione is effective at increasing glutathione leve ls in the intestine of rats 5 1 0. 

Converse ly, a diet poor in prote in or sulphur containing amino ac ids reduces the leve ls  of 

glutathione present in rats and therefore predisposes to oxidative damage 5 1 0. This 

observation may have importance in IBD because many people and cats with the disease 

are malnourished . Selenium is an important mineral in th is respect because it forms part 

of glutathione peroxidase and other tissue peroxidases 5 1 1
. However, cats have been 

reported to have much higher serum concentrations of selenium than other species 5 1 2 . 

Anyhow, selenium status in cats requires further studies before any conclusions can be 

drawn. 

Zinc deficiency is  commonly reported in human patients with TBD 292,493,494 . Z inc  

forms part of SOD together with copper but the activity of thi s  enzyme i s  not decreased 

during zinc defic iency and the s igns of zinc defic iency can on ly be partial ly reverted by 

supplementation with v itamin E in rats and ch ickens 5 1 1 . Zinc deficiency does cause 

severe gastro intestinal lesions in rats, which respond to the use of anti inflammatory 282 . 

However, it i s  not known how exactly zinc defic iency causes tissue damage but it 

decreases metal lothionein, wh ich is already deficient in IBD human patients 496 
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In summary, research on ischaemic-reperfusion injury has demonstrated that the 

cat gastro intestinal tract has al l  the machinery necessary to produce oxidative damage. 

Whether ROM play an important role in fe l ine IDD is uncertain but, if  so, the diet may be 

an important factor in  averting a mismatch of oxidants and antioxidants. Nutrients 

capable of influencing the oxidative/antioxidative balance in cats include n iacin (a 

component of reducing substrates l ike NADHINADH P) 47 1 ,  riboflavin (a component of 

GSH reductive which regenerates oxidated glutathione) 508, Vitamin E (the princ ipal 

antioxidant of cel l  membranes), su lphur-contain ing amino-ac ids (for wh ich the cat has a 

higher requirement and which help maintain the levels of glutath ione) and glutamine 

(wh ich enhances gut glutath ione production) 5 1 3 . The importance of selenium, zinc and 

copper as antioxidants have not been stud ied close ly in the cat but evidence from other 

species suggests these nutrients might also be important in cats. 

Probiotics, p rebiotics a n d  syn biotics 

The importance of the gastrointestinal bacterial flora in health and disease has 

already been discussed. As early as 1 908, Metchn icoff postu lated that some 

gastrointestinal bacterial species, spec ifically Lactobacillus bulgaris might have 

beneficial effects on the ir host 5 1 4. Further research on the normal microbiota of the gut 

revealed that some spec ies are more beneficial than other and, more importantly, that diet 

cou ld encourage these beneficial effects by modifying the species composition of the 

microflora 5 1 5 . 
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Changes in the gastrointestinal bacterial population are not easy to produce and 

maintain long term 246 . Individual people have a re latively stable flora even with different 

diets 5 1 6,5 1 7. However, a high level of variabi l i ty in the composition of the flora occurs 

between individuals5 16• The variabi l ity in composition of the gut flora has been also 

noticed in cats 5 1 8  and dogs 5 1 9,520. The adaptive changes of the gastro intest inal flora to 

diet have been better demonstrated by measuring the activity of bacterial enzymes rather 

than by quantifying bacterial species. Bacterial enzyme systems are inducible according 

to the substrate present 246,52 1 ,522. Unfortunate ly, studying the response of gastrointestinal 

m icroflora to dietary changes has been particu larly difficult because of methodological 

constraints (e.g. suitabi l ity of faeces versus co lon ic contents, appropriate control d iets, 

fai lure to use comparable bacterio logical methods, l im itations of bacteriological 

techn iques). These constraints need to be kept in mind when considering the results of 

d· . .  
h ffi f d' 

. I . 
h fl 246 253 5 1 7 52 1 52 3 I stu les examining t e e ects 0 letary mantpu atlOns on t e gut ora ' , " , . t 

is important also to consider the complex mechan isms responsible for the control of the 

bacterial flora when attempting to manipulate its composition by d iet. Gastrointestinal 

motil ity, gastric acid secretion, antibacterial products (substances secreted to inh ibit the 

growth of other species) and production of short chain fatty ac ids 246 can affect the 

gastrointestinal flora. These and other factors can determine the success or failure of 

probiotics or bacterial substrates in the diet. 

Changes in protein and fat consumption do not appear to greatly influence the 

microbial composition of the faecal flora 246. On the contrary, d ifferent d ietary fibres 

have been reported to change the metabolic activity of the bacterial flora but not to exert a 

profound effect on the bacterial composition of the bacterial flora of the healthy gut 5 1 7. 
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Despite th is  general statement changes in the qual ity of the bacterial flora in humans has 

been reported as a result of the consumption of d ietary fibre equ ivalents. Gibson et al 

( 1 995 ) 5 1 5  confirmed that inu l in and ol igofructose increase the numbers of B ifidobacteria 

in stoo ls without changing total bacterial counts. B ifidobacteria and LactobaciUi  are 

considered beneficial to health and their benefits have been mentioned before. Th is has 

encouraged research into ways in which supplementation with the bacteria or its 

substrates could be used to promote health or modify disease. 

Probiotics 

Probiotics are defined as a l ive microbial food supplement that beneficially affects 

the host by improving its m icrobial balance 524 . M icroorganisms most frequently used for 

th is purpose are Lactobacilli and Bifidobacteria, which are commonly found in fennented 

mi lk products 249. Streptococcus spp. and Saccharomyces boulardii have also been used 

as probiotics 525 . These bacteria and yeasts res ist gastric ac id conditions, adhere to and 

colon ize the gut and have been assoc iated with c l in ical improvement of some d iseases 525 . 

U c. I h '  f'C . 249 524-526 d h '  d 
. .  . 

nlortunate y t elr e lects are transient ' an t ey requIre constant a mmlstratlOn 

for long tenn benefits. Importantly, bacteria to be used as probiotics shou ld have been 

isolated from the mammal species in which they are intended for use, otherwise 

colon ization of the gastrointestinal tract is un like ly 249 . Adherence to enterocytes is 

fundamental for colon ization to occur and is th is adhes ive property that is assoc iated with 

inhibition of invasion of intestinal pathogens 527 

Probiotics are believed by some to improve the outcome of certain gastrointestinal 

d isorders inc luding antibiotic-induced diarrhoea, Clostridium difficile infection, rotavirus  
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diarrhoea, hepatic encephalopathy, disaccharidase deficiency, lactose into lerance, IBD, 

irritable bowe l syndrome, bacterial overgrowth, enteral feeding, neonatal necrotizing 

enterocol itis and cancer 524,52 5,528 . They are also purported to beneficially modulate the 

immune system, improving humoral immun ity, the pattern of cytokine production, 

phagocytosis and non-specific immun ity 529. 

The use of yogurt has been recommended for treatment of many ai lments in 

people despite a lack of understand ing about its mechan ism of action or proof of 

benefic ial effects 530. Yogurt consumption has been used in the treatment of cancer, 

gastrointestinal disease and al lergies 5 14,530 . The lactic ac id produc ing bacteria in yogurt 

have been considered by some to mediate its presumed beneficial effects 525 

However, conventional yogurt cu ltures may not survive gastric ac id as we ll as the 

Lactobac i l lus and Bifidobacteria that have been shown to colon ize the human intestine 

5 1 4,524 . Furthermore, Bernet et al ( 1 994) 527, showed that d ifferent strains of Lactobacillus 

acidophilus show very d ifferent adherence properties to intestinal epithel ial cel ls .  These 

observations question the value of yogurt in gastrointestinal disease in humans  and other 

spec ies. However, they do not el iminate the possibil ity that th is time honoured strategy is  

of some value perhaps through non-probiotic mechanism. 

More recently, another dimens ion has been added to the use of probiotics. 

Probiotic bacteria have been genetical ly mod ified to deliver desirable anti inflammatory 

cytokines . Steid ler (2000) has successful ly used this  strategy in two model s  of murine 

col itis by administering Lactobacillus lactis capable of producing IL- l 0 53 1 • 
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Prebiofics 

Prebiotics are non-digestible food ingredients that beneficially affect the host by 

selectively stimu lating  the growth, activity or  both of one of a l imited number of bacterial 

species already resident in the colon 532 . M ost of the search for prebiotics is aimed at 

substances that selectively enhance the prol iferation of bacteria considered to be 

benefic ial to the host (e .g. Lactobacilli spp. and Bifidobacteria spp.) 249 . Ol igofructose 

and inu lin have shown th is capacity in vitro 533, in the human colon 5 1 5 and in cat faeces 

534 Resistant starch (RS), inc luding some novel chem ical ly-modified varieties, can 

behaved simi larly but RS is  not yet considered a prebiotic because their effects on the 

microflora may lack spec ificity 535 . Both, soluble and insoluble dietary fibres  have been 

shown to increase faecal density of B ifidobacteria for a short time 522 but they are 

considered to be non-selective in their  action and hence do not strictly comply with the 

definition of prebiotics 535. Oligosaccharides contain ing galactose, xylose ,  mannose or 

I I I d I . I I fu '  b' . 
249 535 g ucose, actu ose an actlto a so nctlOn as pre 10tlCS ' . 

Ol igofructose is a product of the hydro lysis of  inulin and both together are 

commonly referred as fructool igosaccharides (POS) 532. They have been cal led 

'functional foods' because they do not strictly meet the defin ition of d ietary fibre as stated 

by the Food and Drug Administration and the United States Department of Agriculture .  

Acceptance of FOS as d ietary fi bre varies between countries 526 . 

The effects of inul in on gastrointestinal functions are similar to those of dietary 

fibre (see later), although inu l in does not form viscous solutions as do other fermentable 
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fibres 526 , In humans, inu l in is completely fermented in the colon and passes through the 

smal l intestine unchanged 536 , Adaptation to inu i in by the bacterial flora is required and 

inul in fermentation is slower than for other fructans 533 , Inulin has some effects usually 

assoc iated with dietary fibre (e.g. lowering serum l ip ids) that only occur with higher doses 

but not with moderate doses 537 . Tt has been reported that inu l in produces a dose-re lated 

increase in Bifidobacteria growth 533 , 

Inul in is preferential ly fermented by B ifidobacteria to acetate, prop ionate, butyrate 

and lactate 537, The acetate fermentation product is partly responsible for the inhibition of 

some species of bacteria by B ifidobacteria 5 1 5 . However, other bacterial spec ies are also 

capable of fermenting inulin and produce h igher amounts of gas than Bifidobacteria 

526,538 High levels of inu l in included in human d iets have been reported to cause 

abdominal discomfort and there is individual variabi lity in tolerance to inul in 526. 

Inul in decreases the absorption rate and total absorption of g lucose 539 and 

. 
b '  f I '  h h 

. 537 · d '  540 · Increases a sorption 0 ca clUm, p osp ate, magnesIUm , ZInC an I ron In rats . 

These effects have yet to be confirmed in humans 54 1 . The mechanism by wh ich inulin 

decreases glucose absorption is  unknown. Inul in does not affect gastrointestinal transit 

time significantly 526 perhaps because it is considered not to increase v iscos ity 

sign i ficantly 542 . Moderate to h igh doses of inul in or o l igofructose cause a smal l increase 

in faecal bulk 540 . An increase in bacterial b iomass is considered to be the main cause of 

the increased faecal bulk 526 . 
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Bifidobacteria produce several vitamins o f  the B group such as biotin, th iamine, 

riboflavin, n iacin, pyridoxine, cyanocobalamin and fo lic acid, which can be an add itional 

benefit to the host 526,532 . 

The effects of inul in and ol igofructose reported in the l iterature are d iscussed 

further in the dietary fibre section ofth is thesi s  to fac i l itate comparison with d ietary fi bres 

as many publ ications include and compare FOS with d ietary fibres.  

Synbiotics 

Synbiotics are a mixture of probiotics and prebiotics fed together in order to 

improve the chances of survival of benefic ial bacteria and their colonization of the 

. . I 532 gastromtestma tract . A variety of combinations have been suggested including 

Bifidobacteria with FOS, Lactobac i l l i  with lactitol and B ifidobacteria with galacto-

ol igosaccharides 249. Synbiotics are not always more beneficial than their component 

parts. For example inul in adm inistered with Bifidobacterium did not enhance the effects 

on bacterial flora ofth e  probiotic alone 526 . 

In summary, the use of probiotics, prebiotics and symbiotics in IBD needs to be 

further explored. In the veterinary fie ld these therapeutic approaches have been studied 

only in a few trials involving healthy animals (d iscussed later with the d ietary fibre 

section). Unfortunately, the effects of probiotics, prebiotics and synbiotics on the 

bacterial flora are d ifficult to assess microbiological ly. Molecular approaches for 
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studying bacterial diversity and bacterial popu lation changes offer advantages over 

standard microb iological techn iques.  The use of 1 6S ribosomal RNA is a promising 

techn ique and probes for detection of B ifidobacteria in faecal samples have been 

described . This may be a more rel iab le too l  to firmly confirm the effects of probiotics, 

prebiotics and synb iotics on colonic flora 249. However, a ful l  understand ing of the 

impl ications of administering these dietary supplements wil l  require future studies 

assessing the effects on disease course and severity in c l in ical ly affected patients . 

Carbohyd rates 

Carbohydrates are not considered essential nutrients even though they are an 

important source of energy in cats or dogs 543. However, healthy cats adjust well to a d iet 

rich in carbohydrates .  Cats show very h igh apparent digestibi l ity for a variety of 

carbohydrates (glucose, sucrose, lactose, dextrin and starch) 544 . In add ition, Kienzle 

( 1 993 ) 545 reported 72% prececal digestibi l ity for maize starch in the cat indicating that in 

healthy cats some starch is not digested in the smal l intestine and wil l  reach the colon to 

be fermented. 

The abi l ity of the cat to digest and absorb carbohydrates is based on the provision 

of digestive enzymes by the pancreas and the epithelial brush border, in addition to the 

necessary transporter systems. Adult cats have simi lar transport systems for glucose in 

the intestinal brush border than other mammals, wh ich show a higher transport velocity 

and affinity than in other spec ies 546. However, an increase in total glucose uptake could 

not be demonstrated 547 and a decrease on total glucose uptake occurred in kittens by 60 
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days of age at the time that a carnivorous d iet was being establ i shed 547 . In addition , 

digestive enzymatic adaptation to a h igh d ietary level of  carbohydrate does not seem to 

occur in cats. Rats 548 and other omnivores 374 have shown the inductive nature of b rush 

border d isaccharidases when consuming carbohydrate rich food. On the contrary, cats 

have not only shown considerable variation in disaccharidase activity, b ut also lack of 

increase in enzymatic activ ity when on a carbohydrate rich diet 3 74549• K ienzle 550 also 

reported low to moderate levels of pancreatic amylase and poor adaptive change to long 

term carbohydrate change. It is uncertain if this lack of flexibi l ity in carbohydrate 

handling renders cats, especially cats with gastrointestinal disease, more susceptible to 

carbohydrate malabsorption and its nutritional and c l in ical consequences. 

Further adaptations of the cat to a low carbohydrate diet are seen on the lack of 

sal ivary amylase, a lower amount and activity of pancreatic digestive enzymes and in the 

h ·  h f ·  \ .  . ·d 543 SS l I g  er response 0 msu m to ammo aCI s ' . 

Unfortunately, carbohydrate malabsorption is not easy to evaluate and quantify 

directly. Carbohydrate malabsorption has been measured by d ifferent tests, among them 

total faecal carbohydrate, faecal reducing substances and faecal pH 552553, faecal osmolar 

gap (refer to Chapter 3 and 5), breath hydrogen (See chapter 3) and starch tolerance test 

554,555 . However, these tests do not correlate wel l  with each other 5 56,5 57. U nderstanding 

the factors that affect carbohydrate d igestion and absorption, and which are more 

prevalent or important as a who le in cats with lBD wil l  help understanding of the 

pathophysiology of the disease and assist with the correct choice of nutritional therapy. 

Further d iscuss ion on dietary carbohydrates in the cat is presented i n  Chapter 3 .  
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Dietary Fi bre 

Dietary fibre is defmed as the chemical ly heterogeneous group of non-starchy 

structural plant polysaccharides and l ignins that are resistant to the host intestinal enzymes 

during passage along the gastrointestinal tract 558,559 . However, dietary fibre not only 

includes the cell wall of  vegetable matter but also some food additives l ike gums and 

modified starches 560. Dietary fibres have multiple effects on gastrointestinal structure and 

function which are mostly re lated to their chemical and physical properties 56 1 . Therefore, a 

short discussion on the d ifficulties in studying dietary fibre and interpreting research on the 

topic fo l lowed by a brief summary of the chemical substances classified as d ietary fibre wi l l  

be presented. Lastly, the diverse nutritional properties of dietary fibre and the effects of  

dietary fibre on  the gastrointestinal tract will be  discussed. This section wi l l  conclude with 

a summary ofthe published reports describing the effects of dietary fibre in the cat. 

Dietary fibre research : a complex arena 

The gastrointestinal effects of dietary fibre have been recognized for centuries. 

Hippocrates about 600 BC recommended coarse flour (with the bran) for the treatment of 

constipation 562 . Unfortunately, in spite of the early interest in fibre, th is nutrient was 

largely ignored until the studies by Walker, Trowell and BUlkitt in African rural people in 

the 1 960s raised the l ikelihood that fibre consumption reduced the risks of some diseases 

563 
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It was apparent from th is work that the prevalence of certain  disease was different in 

populations that consumed a considerab le amount of vegetable matter and those that did not 

562. Constipation, appendicitis, colon cancer, gall stones, diverticular disease and coronary 

heart d isease were rare in the former population . Furthermore, it was observed that these 

differences in prevalence became less distinct when the populations consuming high 

amounts of fibre began to consume diets with less d ietary fibre 564 . Other diseases are also 

known to be 'fibre responsive ' .  These inc lude obesity, d iabetes meHitus and disorders of 

lipid metabolism 565,566. 

D ietary fibre is not an homogeneous substance but a group of chemically and 

physically d iverse polymers 558 as it wi l l  be described in the next section. Cellu lose, l ignin, 

hemicel lu lose, pectin, gums and other ol igosaccharides are considered to be d ietary fibre. 

Resistant starch (indigestible) acts also as a dietary fibre 558,559,567 . Some water-soluble or 

water-d ispersible polysaccharides that are commonly used as food additives in humans and 

pet foods behave like dietary fibres. They act as gell ing agents by forming a three­

dimensional network when dissolved in water 568 . The most common of these additives are 

pectins, carrageenans (from algae) and gums 569, which have been a component of pet foods 

for many years 570. 

Dietary fibre has been added to human and pet foods fol lowing general nutritional 

adv ice to increase dietary fibre intake for health purposes 57 1 .  However, i n  certain 

circumstances, some d ietary fibres have shown deleterious effects on the intestinal mucosa. 

Dietary fibre added to basic diets has been associated with damaged mucosal cells in the 
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and the colon of dogs 575. Carrageenans particularly have shown an adverse effect on the 

intestine 576. U lceration, an abnormal vi l lous pattern, and lymphoid hyperplasia were 

observed in rats after consumption of carrageenans in the drinking water for a month . 

The lesions were worse if prior subcutaneous sensitization to carrageenans had taken 

place 577. Crypt abscesses, lymphocytic infi ltration and gross u lceration of the colon have 

also been produced by carrageenans admin istered in the drinking water to guinea pigs 
1 1 8 . 

Interestingly more consistent responses were obtained when the protocol in guinea pigs 

inc luded sensitization with Bacteroides vulgatus 
263

. However, carrageenans have never 

been shown to have toxic effects in the human population 578. 

The chemical complexity of d ietary fibre leads to difficulty in measuring the 

quantity of d ietary fibre in foods. Preferably, both quantitative and qualitative methods 

should measure characteristics of fibre that are of practical relevance in assessing the 

nutritional impact of the fibre. Unfortunately, the more complete methods of evaluating 

dietary fibre are laborious and expensive. Simple methods, such as crude fibre or detergent 

analysis, give a good indication of the content of insoluble fibre in a food but l im ited 

information on the amount of soluble fibres present. Comparisons between different 

methods of measuring dietary fibre in petfoods have indicated that crude fibre analysis 

correlates well with other more expensive and laborious methods of measuring insoluble 

d· fib 579 letary I re . Crude fibre analysis is the accepted method to quantify fibre for 

dec laration on the label of  foods, including petfoods 
350

. However, i f  the formulation o f  the 

food involves the addition of soluble fibres then crude fibre analysis wil l  not reflect this  fact 

accurately. Unfortunate ly, the common methods of measuring soluble fibres (i .e. Englyst 
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and Prosky) do not correlate well ,  which further compromises the abi lity to understand the 

functionality of a food from its label 579. Thus, these chemical analysis methods neither 

• • c. • 
f th h 
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. . 
f d · fib 57 1 580 full gIve exact tnl0rmatlon 0 e c emlca composItIOn 0 letary 1 res ' nor a 

indication of their physical properties 56 1 ,568 . As we will see later, these physical properties 

determine the functional value of d ietary fibre and its effects in the gut 56 1 . 

At this stage unfortunately is not possible to accurately predict the behaviour of a 

fibre from its chemical composition or physical arrangement, nor from in vitro studies 

56 1 ,581
. Thus, in vivo testing is required to gain ful l  understanding of the effects of any 

dietary fibre on the gastrointestinal tract and any other body systems.  

Composition of dietary fibre 

The chemical composition of the d ifferent fractions of the cell wal l (i .e. dietary 

fibre) varies with the type of tissue and cel l  being studied 
350,560,57 1 . A brief description of 

the different components of dietary fibre fo llows 

Parench ymatous tissues 

The ce ll wal l in parenchymatous tissues of fruit and vegetables contains pectic 

po lysaccharides, ce l lulose, hemicel lu loses, glycoproteins and phenol ics 560 . Pectic 

polysaccharides contain monosaccharide residues that interfere with hydrogen bonding 

resulting in a much more water-soluble and readi ly hydrolyzed fibre .  In contrast, 

cellulose is a l inear po lymer of glucose that forms crystal l ine fibri ls. The structure of the 

beta-glycosidic bond al lows strong intermolecular binding rendering ce l lu loses insoluble 

and poorly fermentable. Hemicelluloses main ly differ from ce l lu lose in the fact that they 
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are made soluble by alkal i .  Glycoproteins and phenolics are present in low amounts and 

they are usually of low apparent digestib i l ity 576. Phenol ics render the fibre very difficult 

to be degraded by heating wh i le cooking 560.  

The cuticular layers o f  the cell wal l of fruit and vegetab les usual ly contain waxes, 

suberine in roots 560, and cutin. All of these are complex l ipid material poorly degraded , 

usual ly recovered together with l ignin 576 .  Secondary th icken ing of the cel l  wal l occurs in 

fruit and vegetables due to the deposition of cellulose, xylans and L ignin decreasing 

fermentability. Lignin is resistant to chemical degradation and is recovered virtually 

unaltered from faecal material 582 . 

Seeds 

Dietary fibre composition also varies according to the seeds it o riginates from, two 

types are mainly described i .e .  monocotyledons and dicotyledons560. Dicotyledons seeds 

mainly include legumes. L egumes can store two types of product, starch or a cell wal l 

polysaccharide. If starch is the main storage product, the cell wall is very similar to the 

one already described above for the parenchymatolls tisslles. In the other type of 

legumes, extraction of the cel l wal l polysaccharide produces gu(tr.-. and gums, mainly 

used as food additives. Chemical ly these fibres are mainly galactomannans, readily 

sol uble in water and fermentable.  Lignin is  not an i mportant component of the secondalY 

thickening of the cell wall of legumes and therefore legumes do not show an increase in 

indigestible material with age. 
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Monocotyledons seeds include cereal grains which can be separated mainly in two 

groups, one with wheat, and the other with barley and oats; rye being intermediate 

between the two groups. Wheat endosperm cel l  wall contains mainly hemicelluloses and 

small amounts of beta-glucans. A sign ificant part of wheat bran contains also the 

aleurone layer, which is rich in beta-glucans . In barley and oats 70 % of the cel l  wal l i s  

composed of beta-glucans . Beta-glucans form v iscous solutions l ike the galactomannans 

of guar. Beta-glucans are water soluble and ferment readi ly in the large intestine. Oat 

bran is mainly composed of beta-glucans. Rice i s  an exception in several ways. Its 

content of fi bre i s  low and the endosperm cell wal l contains mainly cellu lose with smal ler 

amounts ofxyloglucans, pectic polysaccharides and beta-glucans. 560 

Resistant starch 

Starch that is not digested and absorbed in the small intestine is cal led resistant 

starch. Approximately around 20 % of total starch intake in a normal human d iet- is  

resistant digestion 583,584 .  This starch is ful ly fermented in the colon 
567 and hence can act as 

dietary fi bre 559 . Resistant starch includes inaccess ible starch (whole grains and pastas), 

crystalline granules (raw potato and banana starches) that are less susceptible to 

gelatinisation and digestion, retrograded starch (re-crystal l ized) which is formed when 

cooked starch cools, and chemical ly modified starch used as a stabil izer in the food industry 

584 
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Oligosaccha rides 

Oligosaccharides are polysaccharides with usually only 2 to 9 monosaccharide units 

585 that are not considered strictly dietary fibre 526 and they are commonly referred as 

'prebiotics' because they selectively promote a specific bacterial population as they are 

fermented in the colon. 

Legumes are rich in some ol igosaccharides, namely raffinose, stachyose and 

verbascose 586, while some vegetables and fruits contain fructans l ike inulin and 

ol igofructose. However, inulin is most commonly obtained from the chicory root 532 . 

Fructo-ol igosaccharides (FOS) are widely distributed in nature and are also present in many 

petfood ingredients. For example wheat by-products have h igh concentrations of FOS. In 

contrast, rice and corn have low content ofol igofructose 587. 

ChernicaJ ly, inulin is a beta�(2- 1 )  fructan, with 2 to 60 units, which typicaJ ly has a 

glucose moiety at the end of each chain of fructose. This type of linkage prevents d igestion 

in the small intestine 538. Inul in is added to many human foods because of a fat-l ike mouth­

feel .  It does not add flavours and does not increase viscosity 585. Food texture and mouth­

fee l  are important characteristics of food preferences in cats 345 and perhaps inul in has 

potential to be used in petfoods to improve their acceptabi l ity. Inulin is totally fermented in 

the human colon and stimulates the growth of Bifidobacteria in the large intestine of 

humans, has a laxative effect and increases faecal n itrogen loss by increasing bacterial 

biomass 532 . More on the effects of inul in can be found in the section on prebiotics. 
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As it can be appreciated from the previous paragraphs the chemical composition of 

d· fib . rei' b ' I 588 letary I re vanes acco mg to otamca source . Geograph ical origin, seasonal 

variation, maturity at harvest, environment and mode o f  commercial extraction are other 

factors that affect the composition of dietary fibre 558,588 . In addition, processing modifies 

the organization of these polysaccharides and it can produce artifacts during analytical 

quantification 560 . Crude fibre determination is sti l l used to quantify dietary fibre for food 

label l ing purposes but it recovers only variable amounts of the hem icelluloses, cel lu lose and 

l ignin 559 . 

Dietary fi bre properties 

The physical properties of dietary fibre -viscosity, water holding capac ity, cation 

exchange, organic acid adsorption, gel fi ltration, and particle-size distribution- are the 

primary determinants of the physiological effects of d ietary fibre 558,56 1 . The disruption of 

the fibre structure by processing or by travers ing along the gastrointestinal tract is necessary 

before some of these physical properties become evident. For example, mechanical shear, 

heat and pressure can result in cross-linking, change particle s ize and d isrupt the fibre 

structure with release of starch or water-soluble components 589. The need for disruption of 

the fibre before some of these properties are manifest explains, in part, why analysis of  the 

chemical composition of dietary fibre, is an inexact predictor of the physical properties of 

fibre. 
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The solubil ity and viscosity of many polysaccharides are salt and pH dependent 5 58 . 

Fibres that are water-insoluble (e.g. some cereals) are relatively inert and they are fermented 

less by bacterial enzymes and tend to contribute less to dietary viscosity than water-soluble 

fibres. The effects of insoluble fibre such as cellulose on viscosity depend on fibre length 

586. Water-soluble fibres and gels (e .g. some fruits and vegetables) are more viscous, have 

some chemical activity in the gut lumen and are susceptible to fermentation 589. Viscosity 

(resistance to flow) depends on concentration of the polysaccharide and molecular weight. 

The concentration ofthe polysaccharide can be modified inside the gastrointestinal tract and 

therefore viscosity is d ifficult to predict in vivo by in vitro assessments. Furthermore, other 

macromolecules present in the digesta can contribute to the overall viscosity i .e .  proteins, 

h d I . 56 l 
starc an mucus g ycoprotems . 

Dietary fibre is fermented to different extents in  the colon and this susceptibi lity to 

fermentation is an important property from the nutritional and therapeutic perspective .  The 

fermentabi l ity of the different dietary fibres by the colonic flora determines their caloric 

nutritional value (if any). In addition, the products resulting from fibre fermentation are 

responsible for many of the effects of fibre in the gut. However, adaptation of the colonic 

flora to use dietary fibre as a fermentation substrate is an important consideration when 

studying dietary fibre fermentabi lity and its consequences on bowel structure and function. 

The type of fibre and the amount of fibre fed are also important factors to consider 56 1 ,590 . 

Unfortunately, measurement of fermentabi l ity have shown large variation between ani mals 

and laboratories 59 l 
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The susceptibi l ity to fermentation determines, among other things, the amount of 

res idue left in the faeces and the water holding capacity of the residue. In addition, 

fermentabi l ity determines the size of the faecal bacterial mass. Both, water holding 

capacity and faecal bacterial mass are directly related to stool weight 56 1,58 1 . 

The water content of a fibre can be separated in water hold ing capacity and water 

binding capacity. The first is water trapped by the fibre and depends on the physical 

structure of the fibre whereas the water binding capacity depends on the chemical 

composition and it is not read ily removed 592. Water holding and water binding c apacity of 

a fibre varies with the method of analysis 592,593. The relationsh ip between the in vitro 

measurement o f  water holding capacity and the actual abil ity of these foods to hold water in 

the intestine i s  unknown for most foods 589 and difficult to predict with in vitro 

. • 58 1 experImentation . 

Another important property of fibre is cation exchan ge and binding. This property 

is the result of the number of carboxyl groups on the sugar residues and the U1-onic acid 

content of the fibre. However, there is doubt that cation binding by d ietary fibre would be 

an important cause of nutritional mineral imbalance 589. Adsorption of organic molecules is 

also known to occur in the presence of dietary fibre, special ly the binding of b ile acids by 

l ignin or carCinogens by wheat bran.589• 
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N utritional value of dietary fibre and its effects on 

gastrointestinal structu re a nd fu nction 

Dietary fibre has many effects on gastrointestinal structure and function,  Some of 

the effects are well documented and others remain poorly understood or controversial 

53 8
,
594

, Much research effort has been expended to harness the effects of fibre to improve 

health , The foHowing is a summary of the professed effects of d ietary fibre on the 

gastrointestinal tract. 

Food intake 

Modification of the fibre content of the diet can affect food intake at least in the 

short term 
595

, Energy density and palatabi l ity are important factors influencing food intake 

in humans and these can be modified by the addition of fibre 
596

. F ibre has been 

hypothesized to induce satiation and satiety by bulking and increasing the viscosity of 

. 
' I  

595 597 
In d b lk d '  

, 
f th d' d gastromtestma content ' . crease u an VISCOSIty 0 e Igesta re uces energy 

density and affects the regulatory mechanisms that determine satiation and satiety. As with 

many other effects of dietary fibre, the type offibre involved and its quantity are important. 

Rats did not consume al l the food offered when it was m ixed 1 : 1 with ispaghula muci lage 

598
. However, soluble fibre added to the water in the form of ol igosaccharides and gum at 

lower concentrations (approximately 5 -7 %DF w/w) did not alter water or food 

consumption in mice and rats 
599

. S imi larly, two diets with 5 .4 %DM and 1 1 25  % OM of 

soluble types of d ietary fibre (gums b lend) d id not modifY food intake in calorie-restricted 

dogs 600
. 
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Insoluble fibres added to the diet have been reported to have the opposite effect on 

food intake to soluble fibres. For example, increased intake has been reported in rats 

consuming a d iet with h igh amounts of fibre (40% of the diet as dry alfalfa) 60 1 . S imi lar 

results were seen in rats fed moderately h igh quantities of fibre ( 1 3  to 1 4.4 %DM) as wheat 

bran, oat bran or pea fibre 590. Adaptation to fibre supplementation occurs with time and 

food intake returns to base l ine levels in rats 602. Calorie-restricted dogs fed up to 1 1 .7 

%DM insoluble fibre did not show any change on food intake either 603. 

Conversely, the absence of dietary fibre seems to inhibit food consumption In 

rabbits 572 . Simi larly dogs showed lower acceptance of 0% dietary fibre diets when 

compared with the same diet with added fibre 
588. 

Body weight 

Changes in body weight have been observed in  humans and animals fed high fibre 

diets. In some studies an increase in weight has been reported whereas in others weight loss 

has been shown. The reasons by wh ich h igh fibre diets can produce weight gain are 

complex. In some species, fermentable fibre may provide significant calories leading to an 

increase in body mass. In other cases, the increased body weight may be due to an increase 

in the weight of the gut contents or weight of the gastrointestinal tract itself. 

The fermentation of fibre contributes to energy balance in ruminants and to a lesser 

extent in monogastric species (5 - 1 0% of energy requirements in men on a Western diet) 567 . 

This is most remarkable in patients with short bowel syndrome or severe malabsorption in 
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whom the importance of colonic preservation for nutritional wel l  being has been noted 
604. 

However, the efficiency of dietary energy uti l ization is reduced in the colon. Pigs fed 9.3 

and 1 6.3 %DM soluble and insoluble fibre respect ively, showed a uti l iiation of energy 

equal to 73 % of the energy obtained by enzymatic digestion in the smal l intestine 
605

. 

Another reason why animals fed a diet rich in dietary fibre can show weight gain is 

the effects of fibre in increasing volume of d igesta and weight and length of gastrointestinal 

organs. Weight and length changes in diffe rent parts of the gastrointestinal tract were some 

of the first observations made about the effects of dietary fibre on the gastrointestinal tract . 

Addis ( 1 932) 
60 1 reported increases in length and weight of the stomach and colon of rats 

fed a diet composed of 40% alfalfa and 1 0  % agar when compared with a control group. 

Similarly, dogs fed soluble, insoluble and moderately soluble fibres (9 to 1 0.5 % DM) 

showed and increase in colon weight as a proportion of body weight when consuming the 

soluble fibres 
575

. 

Increase in the wet weight of digesta at all gastrointestinal sites with a decrease in 

dry weight have been shown in pigs fed a diet contain ing pea fibre (35 %w/w) and pectin 

(2 .5 %w/w) 
606

. In another study pigs on a high fibre (pectin and pea fibre, both rich in 

soluble fibre) diet (26 %DM), had also an increase in body weight when compared with 

animals fed a lower fibre diet (5%DM). However, after correcting for gutfi l l, there were no 

differences in the daily gain or the final weight of the pigs . This result shows the bulking 

capacity of dietary fibres . I n  add ition, when the gastrointest inal tract of the pigs was 

emptied and weighed, the weights of the stomach and the cecum and colon were doubled in 
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the high fibre group. There was also a considerable increase in colonic length in the latter 

group as wel l  605 . 

A lthough fennentable soluble fibres seem to have a more pronounced effect on the 

weight and size of the gastrointestinal tract than non-fermentable fibres, an increase in 

gastrointestinal tissue weight is sti l l seen in germ free rats fed fibre 607 . These results 

demonstrate that fibre has a direct trophic effect on the gut. The products from the 

fermentation of dietary fibre stimulate intestinal epithelial proliferation 608, thus the 

composition of the increase in organ weight in germ free animals may be different. Kaolin 

has been found to increase the weight of the colon by increasing colon ic muscle weight, the 

same effect observed with bulky wheat bran 598. Stark ( 1 995) 609, found an increase in  the 

muscular cross section of the small intestine and colon after consumption of a diet high in 

cellu lose ( 1 5% w/w) for 8 weeks. In the same experiment, pectin caused no sign ificant 

difference in organ weight yet hypertrophy of muscular cel ls was obvious. The latter 

finding is not universal since fibre sources with a h igh conte nt of soluble fibres, oat bran 

and pectin ,  have been shown in another study to decrease the s ize of muscle cells 598. 

Nonetheless, not all studies show c lear differences between soluble, insoluble and 

moderately soluble fibres in their influence on weight gain 590. Studies in min iature swine 

showed that these animals gained equivalent weight when on diets with equal quantities of 

cellulose, wheat bran, oat bran or corn bran 6 1 0. Simi larly, dogs fed different amounts of 

fibre (moderately soluble at I I  %DM, or insoluble fibre at 9, 1 0  and 1 3 .6%DM), in 

otherwise s imilar d iets, for 3 weeks showed no significant trend on changes in body wei ght 

588 
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In contrast, some studies have reported weight loss in an imals consuming high 

amounts of d ietary fibre. The effects of l ife long ( 1 8  months) consumption of d ietary fibre 

were evaluated in rats . The rats on the high dietary fibre level ( 1 3 .3% w/w,) were lighter 

than the controls ( 1 .7% w/w). The large intestine contents were heavier and their  cereal and 

colonic tissue weights were higher when compared with the ones fed the control d iet 602 . 

This effect of fibre is of particular interest in the veterinary field because of its application 

to the control of obesity in cats and dogs. The use of high fibre diets for weight control is 

controversial 6 1 1 espec ial ly if used with the aim of reducing intake and the sensation of 

hunger. In humans, soluble viscous fibres are considered to suppress hunger and cause 

greater satiety whi le insoluble fibres increase satiation and stomach fullness. These effects 

result from a reduction in energy density and palatabi l ity reducing the rate of nutrient 

absorption and forward movement of the digesta 595 . The role of food energy density in 

energy intake has been clearly demonstrated in humans 6 1 2 . However, the long-term control 

of body weight by increasing the consumption of dietary fibres in humans is  sti l l  unclear 595 . 

Several studies have reported on the dietary intake in dogs fed different amounts of dietary 

fibre. Dogs did not show a reduction in food intake when eating a diet h igh in dietary fibre 

if they were energy restricted 597. However, dogs consuming diets with 1 2  to 2 1  %DM of 

insoluble dietary fibre did show an increase in satiety, and decreased daily energy intake 6 1 1 . 

No similar studies have been carried out in cats. However, cats did not modify their food 

intake when soluble and insoluble fibres at approximately 1 1  %DM were added to a basic 

diet 6 1 3 . 
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Morphology of intestinal mucosa 

Changes in intestinal morphology and morphomet� of the small and large intestine 

have been observed in animals consuming diets with different types of fibres 6 1 4 . For 

example, rats fed 1 0  % cellulose or pectin for 6 weeks showed an increase in the height and 

width of intestinal vi l l i  (assoc iated with an increase in the number of intestinal cells) when 

compared with rats fed a fibre free diet 6 1 5. However, an earl ier study by Schwartz and 

Lev ine, ( 1 980) 6 1 6  found no morphological differences (mucosal thickness, vil lus height, 

crypt depth and vil lus/crypt ratio) in the proximal jejunum of rats fed 1 0% cellulose or  5% 

pectin (w/w), in comparison to rats fed a control diet. Rabbits also show marked variation 

in v i l l i  morpho logy when given different levels and sources of crude fibre 572 . In add ition, 

pectin feeding has been associated with vil l i  shorten ing 6 1 7 and crypt elongation in rats 

6 1 7,6 1 8 

The morphology of the large intestine has also been affected by dietary fibre. For 

example, the crypts of m iniature swine were deeper in the cecum when bean fibre was fed 

compared to the feeding of a wheat bran and potato diet. 6 10. In contrast, the distal colon of 

these pigs showed deeper crypts with the bran diet. Fermentable ol igosaccharides (xylo­

ol igosaccharides and fructoo ligosaccharides) and gum arabic produced modest to no effects 

on the depth of the colonic crypts in rats and mice 599. In rabbits, a diet with 1 4 .5 % crude 

fibre (CF )  (mainly alfalfa meal) resulted in damaged cecal mucosa cells. Conversely, a 

level of5 .5 % CF (mainly wheat bran) in the diet produced a flattened colonic mucosa 572 . 

Morphological changes in the intestinal mucosa are considered intricately related to 

epithel ial prol iferation . 85 . In the smal l intestine it is accepted that vil lus morphology 
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depends on the cell turn over in the crypts, any factor that affects the multiplication of crypt 

cel ls would alter vi l lus morphology 6 1 9) . However, dietary fibre has not been found to 

affect epithel ial prol iferation rate in most of the length of the small intestine 608 and hence 

morphological changes cannot be explained by an increase in proliferative activity of the 

epithelium. 

Changes in morphology and/or morphometry have been accompan ied by signs of 

mucosal disturbance in the jejunum and colon of rats 573, jejunum of p igs 574, colon of dogs 

575 and jejunum, cecum and colon of rabbits 572 after fibre consumption . The nonnal 

el im ination of cells at the vi l lus tips does not produce breaks in the epithelial barrier 573, but 

in all the latter reports loss of epithelial cells and denudated v i l l i  or intestinal folds were 

seen. In dogs cellu lose (as opposed to pectin/gum arabic and beet pulp) caused the most 

damage. In rats, p igs and rabbits alfalfa most seriously affected the mucosa. The 

magn itude of mucosal surface cell damage has been advanced as being directly related to 

the abi l ity of some fibres to bind bi le acids, wh ich are known to be injurious to the 

epithelial cel ls 573,6 14 . 

In none of these reports, the morphological changes o bserved after dietary fibre 

consumption have been studied in tenns of how they affected gastrointestinal function, if 

they did at al l .  Therefore the significance of these observed changes remains uncertain. 

Proliferation of intestinal epithelium 

The everyday prol iferative response of the intestinal epithelium is compromised 

without exposure to intestinal luminal contents 293. This response is seen in the small as 



1 23 

wel l  as the large intestine, although it occurs more slowly in the latter 6 1 9. Furthermore, 

intravenous nutrition does support a pro l iferative response in the gut 309, and a fibre-free 

enteral diet produces very l ittle prol iferative activity in the colon 598,620. 

The mechanisms by which the presence of d igesta stimulates the pro l iferative 

response are d irect as wel l  as indirect (through the activity of enteroglucagon and other 

hormones) 598,6 19,62 1
. Goodlad et al ( 1 987 and 1 989) 598,607 demonstrated that different fibres 

promote epithel ial proliferation in different sites of the gastrointestinal tract. 

The pro l iferative response of the gastrointestinal epithelium to dietary fibre is 

thought to be a response to the products of fermentation of dietary fibre, specifically, short 

chain fatty acids (SCF A)622,623 . This hypothesis is supported by the finding that germ free 

rats fed a mixture of dietary fibres d id not show any proliferative response 607 until their 

colon was irrigated with SCF A and then a normal prol iferative response was obtained 622 . 

However, cell proliferation studies of the cecum of miniature pigs showed no significant 

correlation between the amount of soluble fermentable fibre and cel lular proliferation 610. 

The individual effects of SC F A (acetic , propionic and butyric acid) have been 

explored as has the effect of the mixture of SCF A usual ly present in the gut contents. 

Butyric acid has shown the h ighest prol iferative effect, fol lowed by propionic and acetic 

acid 622,623. On the other hand, some reports have not shown a h igh correlation between the 

concentration of SCF A and the mucosal growth at the same site 624,625 . However, the value 

of measuring SCF A concentration in faeces or intestinal digesta is equivocal because most 
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of the SCF A produced in the intestinal lumen are absorbed through the colonic mucosa 

626.627 

Jacobs and Lupton ( 1 984) 628 h ighlighted the difficul ties of trying to understand the 

effects of d ietary fibre on epithel ial prol iferation parameters. lntetpretation is difficult if  

mucosal weight, DNA mucosal content, crypt length and width, total number of epithel ial  

cel ls per crypt, number of mitotic figures per crypt, m itotic index and size and position of 

the crypt proliferative zone are measured in the same sample to determine prol iferative 

response 6 1 9. Techniques that assess a crypt as a unit 629-63 1 , and not a crypt section 632, have 

definitive advantages. Assessment of the size of the prol iferative zone 633 can be mis leading 

h 
. 

d 
. 

th b fd ·  ·d· I I  6 1 9 63 1 H w en crypt sectIOns are use as can countmg e num er 0 IVI 109 ce s . . owever, 

newer techniques with superior image analysis tools such as confocal microscopy 633 a long 

with crypt microdissection 634 may improve our understanding of the kinetics of the 

intestinal epithel ium and better defme therapeutic strategies. 

Epithel ial pro l iferation can also be affected by other luminal factors l ike calcium, 

bi le acids, long chain fatty acids 442.625.635.636 and ammonia 63 7  that can confound the study of 

dietary fibre and its effects on epithel ial prol iferation. 

A summary of the effects of fibre on the mucosal prol iferative response in different 

regions ofthe gastrointestinal s ite fol lows : 

Stomach: Goodlad ( 1 995) 608 reported increases in crypt cel l  production rate 

(CCPR) in the stomach of conventional and germ free rats that had been fed with an 
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elemental diet supplemented with 30% dietary fibre (a mixture of soluble and insoluble 

fibre). The effect was more marked in the fundus than in the antrum. The stimulus for this 

change is unknown s ince the diets had been steril ized prior to feeding to the germ-free rats 

and both conventional and germ-free groups of rats showed similar changes. These 

circumstances make fermentation of food an unlikely cause of the prol iferative response 

observed. This effect of d ietary fibre, regardless of its solubil ity and fermentation 

characteristics, on the proliferative activity of gastric epithel ium had been reported before 

638 

Small Intestine : The proliferative response of the smal l  intestinal mucosa seems to 

be different according to the type of fibre fed.  Starved rats have shown a higher CCPR 

response to feeding with a fibre-supplemented diet (30 to 50% w/w of a mixture of soluble 

and insoluble fibres) than the rats fed a control diet. The response was seen only in the 

more distal parts of the small intestine. Interestingly, the increase in CCPR response was 

not observed with an insoluble fibre l ike cellulose or with ispaghula husk muci lage 

598,607,608. S im i larly, wheat bran (contains mainly insoluble fibre) has also been reported to 

not produce any proliferative response in the jejunum of rats 6 17 whereas pectin and guar 

(soluble fermentable fibres) have been reported to increase proliferative activity 6 1 7  in this 

region of the bowel. It is uncertain how the proliferative response originates in the cranial 

parts of the gut. 

Large Intestine : It is in the large bowel where the effects of dietary fibre on dietary 

proliferation have been most extensively studied. Feeding rats a diet with 50% w/w dietary 

fibre caused an increase in crypt cel l prol iferation rate in the proximal , middle and d istal 
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colon 598. In this experiment the fibre fed was a mixture of so luble and insoluble fibre 

derived from wheat grain (hemicel lulose 40%, cellu lose 20%, l ignin 1 5% and pectin 5%) 

with the effect being more pronounced in the distal colon. The distal colon also showed 

increased CCPR after cel lulose and ispaghula muci lage were fed 598 .  Wheat bran has been 

associated with increase prol iferative activity in the proximal and d istal colon 639 . This 

observation is in agreement with the fmding that �heat bran produces high amounts of 

SCF A throughout the large bowel ofthe rat 640. 

Jacobs and Lupton ( 1 984) 628, tested the effects of pectin ( 1 0% w/w) , guar ( 1 0% 

w/w) and oat bran (20% w/w). They did show changes in several mucosal growth 

parameters. The two high ly fermentable  dietary fibres (pectin and guar) showed their 

effects mainly in the cecum -guar with more startl ing results- although guar also produced 

significant changes further distally. The oat bran showed the majority of its effects mainly 

in the d istal colon, but the net mucosal colonic growth (measured by mucosal wet weight, 

DNA and RNA content) was n i l .  Zhang ( 1 994) 625, showed simi lar results in rats 

consuming pectin or oat bran at 6% w/w. 

Similar results were obtained in miniature pigs when fed different types of fibre at 

7% total dietary fibre w/w. The diets with h igher soluble fibre (red kidney bean and oat 

bran) showed changes in the cecum pro liferative parameters, while wheat bran and corn 

bran (at 1 3%w/w) produced changes in the distal colon 6 1 0. 

On the other hand, other sources of fermentable fibre l ike fructo-oligosaccharide, 

xylo-ol igosaccharide and gum arabic at approximately 5% of dietary intake had modest 
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effects on extent ofproliferation zone (PZ), cel l  density and labell ing index in the rat cecum 

and d istal colon 599. Reduced prol iferative response to the supplementation of 1 .5% w/w 

fructooligosaccharides compared to a control diet has also been reported in the dog 6
4 1 . 

Lastly, it is worthwhi le  considering the long term significance of the proliferative 

effect of fibre on the large intestinal epithel ium. The importance of adaptation in reducing 

variabil ity of fermentation of soluble fibres has been noted 642
. Adaptation in the long term 

to the stimuli that causes increase epithelial proliferation when consuming d ietary fi bre may 

decrease the response to dietary fibre supplementation. Edwards et al ( 1 992) 6
02 found very 

little differences in colonic cel lular prol iferation label l ing index in rats that had consumed 

diets with 1 .7 or 1 3 .3 % w/w d ietary fibre (0 70% and 2 .3% soluble fibre respectively) for 

1 8  months 602
. Nonetheless, the acute and subacute effects of dietary fibre remain beyond 

doubt. Although many gastrointestinal functions depend on a healthy epithelium, how the 

prol iferative response associated with the consumption of dietary fibre translates into 

improving gut physiology has not been studied. 

Nutrient absorption and absorption of luminal compounds 

The morphological changes produced in the small intestine by the consumption of 

dietary fibre suggest that nutrient absorption could be affected by virtue of the prol iferative 

effects on the epithel ium and the increase in mucosal surface area. However, other 

physiological effects of dietary fibre could also indirectly affect the absorption of luminal 

contents. Delayed gastric emptying and modified transit time 643
, changes in the viscosity 

of the digesta 5 38, altered mucin production 644 
or direct binding of nutrients by the dietary 

fibre 620 have all been implicated. In addition the volume, b i le ac id and enzymatic content 
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of bil iary and pancreatic secretions increase with the consumption of viscous dietary fibre 

645 
but the cause of this increase and the functional implications of this change are not 

known. 

An increased influx of nutrients has been observed in in vitro preparations of mid­

jejunum after rats consumed a diet rich in fibre ( 1 0 % cellulose or  ) 0 % pectin w/w) for 

four weeks 6 1 5 . However, not all nutrients (hexoses, beta-amino-butyric acid or  sodium) 

showed the same magnitude of response. Th is suggests that the alterations in small 

intestine morphology were not sole ly responsible for the increased influx, un less the 

functional immaturity of the new enterocytes meant they did not possess a complete set of 

transport systems 646. 

Schwartz and Levine ( 1 980) 6 1 6  studied the effect of soluble and insolub le dietary 

fibre ( 1 0%w/w cel lulose or 5%w/w pectin) on glucose absorption without adaptation (acute 

experiment) or after rats had been fed the fibre for 5 weeks (chronic experiment). ill the 

acute experiment the viscosity of the mixtures of glucose and fibre was measured and a 

special control group with similar v iscosity to the pectin/glucose mixture was included 

(gelatine/glucose). No differences in glucose absorption from the perfusate could be 

demonstrated between the rats fed the pectin ,  the gelatine and the fibre free solutions. Thus, 

viscosity d id not impair absorption of glucose in this model . In the chronic experiment 

adaptive changes were ob served after consumption of pectin or cellulose that decreased the 

absorption of g lucose compared to a fibre free diet. However, an improvement in glucose 

to lerance (curve of serum g lucose concentration after glucose ingestion) occurred with 

pectin consumption regardless of the duration of fibre consumption . Ce llulose, on the other 
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hand, produced increased tolerance to a glucose load in rats only after chronic consumption. 

Therefore it was proposed that the immediate effect of pectin may have been based on 

delayed gastric emptying or changes in transit time. An improvement of glucose tolerance 

with long tenn ingestion of cellulose or insoluble fibres has also been seen in diabetic cats 

and dogs 647,648 . 

Viscosity of chyme has been thought" to prolong gastric emptying and retard mixing 

and d iffusion of substrates and enzymes 56 1  but the role played by gastric emptying in the 

improved glucose tolerance is controversial 643. It has been shown in humans that 

moderately fennentable 649 and fennentable fibres (ispaghula) increase the stationary 

activity of the jejunum, and the proportion of th is type of activity correlates well with the 

area under the curve ofp lasma glucose concentration 650. The increase in stationary activity 

would explain a reduction of stirring next to the mucosal surface and decreased access to 

the absorptive mucosa. Another possibil ity is that the polymer network of soluble gel ling 

fibres acts as a molecular sieve trapping the glucose 65 1 .  This seems unl ikely because these 

fibres did not retard the movement of glucose from dialysis bags 650. 

Increased secretion of luminal mucin may account for the delayed or decreased 

absorption of nutrients when dietary fibre is consumed. Sharma ( 1 995) 652 showed that 

mucin secretion changes quantitatively and qualitatively with different d iets. A lthough the 

nutritional analysis of diets was not disclosed, v iscosity was thought by the authors to c ause 

the differences seen. Rats fed 5 % citrus fibre (25% insoluble cellulose and l ignin) or guar 

gum (viscous soluble fibre) for 4 weeks showed a statistical ly significant increase in 

luminal mucin in the small intestine with no change in the amount of tissue mucin, when 
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they consumed citrus fibre. This indicates that the insoluble fibre increased the rate of 

release of mucin that could affect the composition and resistance of the unstirred water 

layer (UW L) and its resistance to the transport of n utrients 644. It has been reported that the 

thickness of  the UWL is re lated to the amount of stirring produced by intestinal motil ity. 

The thickness of the UWL decreases when there is normal moti lity 653 . Therefore, insoluble 

fibres may affect the composition of the UWL, while soluble fibres may increase U WL 

thickness by reducing stirring. In both cases absorption of nutrients would be affected . 

The same factors that affect glucose absorption in fibre-containing diets may 

influence when considering the digestion and absorption of fats. A decrease in the rate of 

digestion and/or absorption of fats was seen in rats that had been fed cellulose, guar and 

chitosan along with different types of d ietary fats. In this study, guar and chitosan delayed 

the absorption of triglycerides and cholesterol when compared with cel lulose 654. Vahouny 

( 1 988) 655, showed simi lar results in rats adapted to dietary fibre. Dietary fibre has also 

been used to reduce cholesterol serum levels and to favourably modifY l ipid metabol ism, 

although the results with different types of fibres have been quite variable 58 \ .  These effects 

offibre on cholesterol have been ascribed to bile acid b inding properties In  general , soluble 

viscous fibres and lignin (but not other insoluble fibres) bind bile acids and increase their 

faecal loss, sometimes decreasing cholesterol serum levels at the same time 538,58 1 558. 

Lastly, d ietary fibre has been observed to affect nitrogen el imination. Soluble 

fibres, such as pectin, guar and resistant starch, have been reported to increase net nitrogen 

elimination by increasing the absorption of  ammonia from the large intestine, to a lesser 

extent than the urea flux from blood into the large intestine in  rats 656. The use of dietary 
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soluble fibre has been recommended i n  companion animals with hepatic d isease to fac i l itate 

the e l im ination of urea and trapping of  ammonia (mediated by a reduction in pH or by 

b . I . 
h '  ) 657 actena protem synt eSls . 

Digestibility of macronutrients 

When diets high in d ietary fibre are consumed, a decreased digestibi l ity of  the 

macronutrients in the diet has been observed. However, the decrease in digestibi lity of the 

macronutrients does not seem to be due to a lack of digestive enzymes. The activity of 

pancreatic enzymes present when consuming a fibre rich d iet does not decrease and there is 

confl icting data on the activ ity of intest inal brush border enzymes when consuming dietary 

fibre 
645 .658. 

Rats fed pea fibre, oat bran and wheat showed lower apparent digestibility values of 

DM, energy and protein when compared with controls 5 90 . Protein digestibi l ity was the 

lowest in the oat bran group. Nevertheless, the significant quantities of soluble dietary fibre 

present in some of these fibres wil l  result in an increase of the bacterial faecal mass and of 

the protein of bacterial origin in faeces influencing the calculation of apparent digestibil ity. 

On the other hand, p igs fed different fractions of oat bran (4.5 to 6.4 % dietary fibre) 

for 7 days showed decreased true digestibility (5-8 % for energy, 3-9 % for protein and 4- 1 2  

% for fat) of all nutrients at the terminal i leum, compared with p igs fed a control low 

dietary fibre diet. Starch, however, had been nearly always completely digested at the level 

of the i leum. Faecal digestibi l ities showed a change of lesser magnitude ( 1 -3% for energy, 

1 -5% for protein and 3-6% for fat) but in the same direction 
659

. S imi lar results were 
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obtained when p igs were fed pea fibre or pectin, although the differences in digestib i l ities 

were larger 605. 

In dogs the apparent digestibilities of dry matter, organic matter, protein and fat 

decreased with increasing dietary level of beet pulp fibre (0, 2.5 , 5 .0, 7.5 , 1 0 .0 or ] 2.5 

%DM) 660. However, beet pulp at 7.5 % decreased digestibil ity of dry matter and organic 

matter by 4 % whi le N and ether extract digestibi l ities were not very different from the 

control diet. H igher levels of inclusion of the same fibre though decreased the apparent 

digestibi l ities of N and lipids. Starch was always completely digested. All these 

differences were statistically significant but never very large. In another study several 

fibres (beet pulp, tomato pomace, peanut hulls, wheat bran and treated wheat straw at 1 1 -

1 3%DM) were tested in dogs to study the effects of fibre on d igestibi l ity of main nutrients. 

In th is instance digestibil ities were reduced compared to the control group but, although 

statistically significant, no large d ifferences between d iets were found 
66 1 . The presence of 

ol igosaccharides (raffinose and stachyose) in different by-products of soy at less than 1 % 

w/w also caused a small reduction in the digestibil ity of dry matter, protein, fat and energy 

in dogs 
662 . More recently the effects on digestib i l ity of the d ietary ratio of insoluble to 

soluble fibre have been studied in dogs 
663

. This approach is sensible because most fibres 

have a mixture of both types of polysaccharides. It was reported that higher ileal 

digestibi l ities were observed when the ratio insoluble :soluble fibre was 1 .9 or 7.2 (7.5% 

total d ietary fibre content). 

As a summary, a consistent decrease in apparent and true digestibil ity has been 

reported in different species when consuming different types of fibres. However, this 
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decrease has always been minor and does not justify avoiding the inclusion of fibre in the 

diet, especial ly when considering all the other potential benefits that dietary fibre can offer. 

Fermentability 

By definition dietary fibre is indigestible in the small intestine, and is the main 

substrate of colonic fermentation by the co lonic flora 664. Many of the biologic effects of 

dietary fibres depend on the degree to which they are fermented. Fermentabil ity determines 

the util ization of the fibre (and its energy value), the amount of SCF A produced and hence 

modifies the degree of mucosal prol iferation in the gastrointestinal tract, the 

microbiological environment, and the faecal bulking effects. In turn, many factors affect 

fibre fermentabil ity, namely the extent of l ignification of the cel l  wall polymers, the amount 

of associated si l ica and other indigestible substances, solubil ity, particle size, chemical 

composition, degree and type of processing, and the gut transit time 523 . Because of the 

number of factors that can affect fermentability in the colon, it is difficult to accurately 

predict the extent offermentabi\ ity in vivo. 

In general, d ifferent types of fibres ferment to different extents according to their 

chemical structure. On average cel lulose is fermented 30 to 50 %, hemicellulose 50 to 80 % 

and pectin and gums 90 to 1 00 % 665. Variation in fermentabi l ity of poorly and highly 

fermentable fibres has been reported in rats 591 . In humans, indiv idual variation caused up 

to a 30% difference in the fermentabi l ity of cellulose 666. 

Livesey et al ( 1 995a) 59 1 found that the fermentabi l ity of pectin, sugar-beet, soybean , 

corn bran and cel lulose was not affected by the level offibre included in the diet (5 to 1 0  % 
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wJw consumed for 2 weeks). Nyman and Asp ( 1 985) 642 reported similar findings in 

addition to the fmding that fermentabi lity did not vary sign ificantly with the length of the 

adaptation period or particle size of the fibre. However, these variables were found to affect 

the interindividual variabi l ity and therefore they do affect fermentation to certain extent. 

The content of protein in the diet seemed to be a lim iting factor for fibre fermentation when 

the dietary content protein is lower than 1 0%w/w. However, increases in protein level 

above 1 0% do not produce further increases in fermentabil ity 642 . 

Faecal inoculum has been used in several species to gam insight on the 

fermentabi lity of dietary fibre .  Bourquin et al ( 1 992) 667 found a high degree of 

interindividual variation in the extent of substrate fermentation and products offermentation 

when using faeces from different ind ividuals. Sunvold et al ( 1 995 and 1 995a) 6 1 3,668, 

compared the in vitro fermentation of isolated dietary fibres and fibre blends by feline and 

canine faecal inoculum with the apparent digestibi lity in vivo of the same fibres. It was 

reported that in vitro fermentation was a reasonable predictor o f  in vivo fermentation but not 

a very accurate predictor of the digestibi lity of fermentable fibres. 

Microbial colonic flora 

The colonic flora is composed of a vast array of species that require different 

substrates for their subsistence. Dietary fibre influences bacterial mass, but this does not 

result necessarily in a change of the types of bacteria present 56 1 ,659. Any spec ies changes 

that occur with diet tend to be short-l ived 247 . Changes in enzymatic activity of individual 

bacterial species do occur and they determine the fermentative activity of the colon 522. The 

type of enzymatic mechanism used by a bacterial species to ferment a particular 
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polysaccharide usually depends upon the type ofpo lysaccharide being fermented (substrate) 

rather than the isolated bacterial species present in the colon 666,669 . However, variation in 

the abi lity of microbial fermentation of different individuals has also been reported 666. 

Unfortunately the methods to study bacterial flora are imperfect 270 and th is has hindered 

our understanding of the relationship between gastrointestinal flora and dietary fibre. 

Another effect of d ietary fibre on the bacteria-host relationsh ip is the abi lity for non­

fermentable, bulk forming fibres to reduce bacterial translocation from the gut to the 

splanchnic viscera, while fermentable fibres have no effect 670. Since there is considerable 

debate on the s ignificance of bacterial translocation in humans 279,67 1 and companion 

animals 672 and the mechan ism for this effect of d ietary fibre is unknown, the value of 

dietary fibre in situations of gastrointestinal injury that could increase bacterial translocation 

is uncertain . 

Fermentation products - SCFA 

The main products of large bowel bacterial fermentation of dietary fibre are short 

chain fatty acids (SCF A), mainly acetate, propionate and butyrate . Some branched-chain 

SCF As are also found in the colon but they originate from the fermentation of protein 523,567 . 

These organic acids, espec ially butyrate, are thought to mediate at least partial ly the 

prol iferative effects of dietary fibre in the colon 622. Epithel ial cells of the colonic mucosa 

obtain 60 - 70 % of their energy from bacterial fermentation products generated in the colon 

523,627. Butyrate is considered the preferred fuel for the colonocyte, although acetate and 

propionate can also be util ized. Because of their importance as a metabol ic fuel and 

because they increase colon blood flow 64 1 ,673, SCFA have been used therapeutically in 
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SCF As also promote water and sodium absorption from the colonic lumen 
523,627,676 

possibly by activation of  sodium transporters stimu lated by intracellu lar ac idification 
677

. 

This effect of SCFA on colonic absorption of water and sodium is one of the reasons d ietary 

fibre supplementation is thought to reduce diarrhoea during enteral feeding in human 

patients 
678. However, SCF A absorption is not solely responsible for th is effect as more 

recently another mechanism of d ietary fibre improving absorpt ive function in the small 

intestine has been discovered. Gum arabic shows a pro-absorptive action based on 

scavenging NO and reversing its pro-secretory activity 
679

. 

The source of fermentable material and the rate of hydrolysis modify the molar 

ratios of SCF A within the colon 
680. 

The typical SCF A molar ratio produced by colonic 

fermentation is 60:25 : 1 5  for acetate , propionate and butyrate respective ly 
68 1 . However, it 

has been shown that resistant starch produces a mixture of organ ic acids with more butyrate 

and less acetate whereas lactulose produces more acetate than other fermentable substrates 

567
,
5 84 . The concentrations of SCF A at different sites of the colon have been examined in 

rats 
602,640 

and pigs 
659,682 . The h ighest concentrations of SCF A are always found in the 

cecum where the bulk of fermentative substrate first arrives. SCF A concentrations decrease 

progressively along the colon. Slowly fermented fibres have more influence in the d istal 

segments because they increase SCF A production throughout the colon. Unfortunate ly, no 

correlation has been found between the concentration of SCF A in cecal contents and faeces 

640. The efficient absorption of SCFA in the colon (90 - 95 % of SC F As produced) 
627

, 

prevents the use ofSCF A concentration in faeces as a marker of colonic fermentation. 
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Butyrate has been shown to regulate the expression of tumour repressor genes and 

hence its provision by adding dietary fibre has been considered desirable 683,684 especial ly to 

decrease the risk of colon cancer. However, the paradoxical effects of butyrate in vitro and 

in vivo have complicated the understanding of how butyrate affects colonic epithel ial 

prol iferation and differentiation 683,685 . 

Fermentation Products - Breath Hydrogen Production 

Dietary fibre fermentation resu lts in the production of gases in addition to SCF A. 

These gases include hydrogen, methane and carbon dioxide 
567

. However, hydrogen gas 

does not seem an important by-product of dietary fibre fermentation. For example, 

administration of d ietary fibres (ce l lu lose, raffinose, pectin, hemicellulose) of different 

fermentabi l ity to human vo lunteers produced very small amounts of H2 when compared 

with that produced by adm inistering lactulose 
686. In contrast, in another study (in which 

th ree weeks of adaptation to the fibre-contain ing diet was provided) an increase in hydrogen 

production was observed with gum arabic and raw carrot but not with wheat bran, gum 

tragacanth, gum caraya or potato fibre 
55 8. Simi larly, rats fed gum arabic needed 28 days 

before they began to produce some hydrogen gas and methane after consumption of gum 

arab ic 687
. As mentioned before adaptation is  important when assessing fibre fermentation 

642 

Motility 

Dietary fibre affects gastrointestinal moti lity and transit time, but the effect varies 

with the fibre and contradictory studies have been reported. The influence of fibre on 

motil ity varies in different regions of the gastrointestinal tract and the effects of fibre in 
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colon ic moti lity may counteract the effects of fibre in the proximal sections of the 

gastrointestinal tract. As a result, total gut transit time (a summation of the mot i lity in  the 

different regions of the gut) gives l ittle indication of the effects of fibre on the motil ity of 

the gastrointestinal tract. 

Several physical characteristics of dietary fibre are responsible for its effects on 

motil ity (i.e. v iscosity, water holding capacity) but it has been reported that fermentable 

material and type of fermentation can also affect colonic motil ity 
688. While SCF A 

maintained colonic moti l i ty (duration of contraction during the observation period), acid 

fermentation to succinic (and possibly lactic) acid, which occur with an increase rate of 

colonic entry of fermentable substrates at a low pH, reduced colonic motil ity. Further 

evidence on the effects of SCF A on the contraction of smooth muscle in the canine colon 

has been also recently reported 
689

. Butyrate, but to a lesser extent propionate and acetate, 

elic ited contractions of longitudinal colonic smooth muscle in an in vitro preparation. 

Soluble fibres that form viscous solutions slow the emptying of l iquids from the 

stomach 
690

. In contrast, this type of fibre can speed the emptying of some sol id foods from 

the stomach because the emulsification action of the fibre helps keep dense solid partic les 

suspended in the flow of l iquid chyme leav ing the stomach 
643

. In the proximal small 

intestine, v iscous fibres do not change the rate of passage 
643

. The reason for this lack of 

effect is thought to be because of di lution of gut contents w ith intestinal secretions 

(concentration is an important determinant of v iscosity) 
643

. Conversely, v iscous dietary 

fibre slows down the passage of gut content along the caudal small intestine where the 

digesta concentrates because offluid absorption in the previous segments 
643,69 1 . 
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Insolub le fibres do not seem to alter the gastric emptying of fluids but there is 

conflicting information about their effect on the emptying of solids 643,690. In the smal l 

intestine, only insoluble fibres with high water holding capacity can change transit t ime by 

intestinal distension 650 . The distension caused by ispaghu la or sugar beet (as compared to 

wheat bran) affects the ratio of propagatory to stationary contractions decreasing transit 

time, mixing and time for d igestion and absorption 650. In the dog cel lulose increased smal l 

intestinal transit but wheat bran had only a very modest effect in altering transit time in the 

• • 69 1 Jejunum . 

However, changes of contract i le activ ity do not equal movement of d igesta and the 

relationship between transit time and gastrointestinal contracti le activity is complex 69 1 . 

Moreover, transit time is very variable in humans and dogs, varying in different days even 

h h . d" d I '  . h d '  692 693 Th . .  f d w en t e same In IVI ua IS consummg t e same let ' .  e transit tIme 0 ogs 

consuming beet pulp  ( 1 1 .2 %DM), or oat fibre (8 .9, 1 0.0, 1 3 .6 %DM) were not 

significantly different 588. In humans fed for 3 weeks 1 4  g o f  cel lu lose and 6 g o f  pectin 

only the insoluble fibre cel lu lose induced a significant decrease in transit time 694. The 

same results were obtained in people consuming dietary fibre in the form of vegetable, 

fruits and cereals when compared with a group consuming very low amounts of fibre in 

their natural diet. The group consuming more dietary fibre showed a significant reduction 

in total transit time 695 .  Transit time in the dog decreased with cel lu lose supplementation at 

1 1  and 1 4  %DM . 692 . 
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Bueno et al ( 1 98 1 )  69 1 studied the relationship between contractile activity and 

digesta flow in the smal l  intestine of the dog. The dogs were fed a standard ration with 

gum, wheat bran or cellu lose added and the authors noted an increase in the duration of 

small intestine postprand ial activity, especial ly with cel lulose. The increase in postprandial 

activity was accompanied by a general increase in contracti le activ ity. However, the digesta 

flow rate was reduced for cel lu lose and bran and increased 66% for gum, which can hold 3 

to 4 times more water. Hence this water trapping can explain the considerable increase in 

flow when compared to the other fibres in the presence of similar increases in postprandial 

activ ity. In fact all fibres increased mixing activity and slowed propu lsive activ ity. The 

motil ity index was only increased for gum but not for the other fibres ( index of contractile 

force generated per time unit) and was based on low grade constant activity possibly due to 

the sign ificant distension produced by this type of fibre. Somehow opposing resu lts have 

been found in humans in which ispaghula and sugar beet decreased stationary activity and 

increased propagating activity, while wheat bran had no effect 650. These subjects had an 

intraluminal probe as opposed as intramural chronical ly inserted transducers, which could 

have affected moti l ity; but also had consumed a much lower dose of dietary fibre . 

The study of the effects of cel lu lose on cranial colon moti l ity in the dog 696 

demonstrated a dose related effect reducing duration of spike activity and thus affecting the 

duration of the migrating spike bursts (MSB). The duration of MSB was negatively 

correlated with faecal weight, water output and defecation frequency and therefore a 

reduction in duration of contracti le activity was associated with faecal bulk and distension 

of the colon. Results of myoelectrical activ ity in pigs are contradictory to these find ings 

because there was an increase in spike activity when bran was added to milk, transit time 
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was decreased and faecal water content increased 697. The nature of the d iet and the 

different gastrointestinal tract of pigs may have made the difference. 

Motil ity abnormal ities have been considered central to the pathophysiology of 

ulcerative colitis and alterations in the u ltrastructure of the interstitial cel ls  ofCajal (colonic 

pacemakers) have been reported in severe ulcerative colitis 698 . It is uncertain if th is 

damage is primary or secondary but decreased moti l ity has been reported in cats and dogs 

during colitis 699,700 . Daniel (1 975) 70 1  reported a lack of phase locking during the 

production of control potentials in the colon of cats with spontaneous diarrhoea with no 

change in velocity or frequency or spiking. Humans with active u lcerative colitis showed 

no changes in gastric emptying, but a reduced smal l bowel transit and cranial colonic 

transit. It was only in the caudal colon and rectum that a rapid transit occurred possibly due 

. 
d . . b· l ·  702 to Increase I ITIta 1 Ity . Burrows ( 1 982) 692 mentioned a 'normal izing' effect of 

cel lu lose in dogs transit time of healthy dogs. This 'normal izing' effect may also p rove 

benefic ial in addressing the dysmoti l it ies of col itis but this benefit remains unproven. 

Faecal bulking 

Faecal bu lking is the oldest known effect of fibre. A treatise on the characteristics 

of human excreta, and possibly the antecedent of a faecal grading system, was publ ished in 

1 733  from which the l ink between the type offaeces, social c lass and diet could be inferred 

562 Of the dietary components, only d ietary fibre has a significant effect on stool weight 

56 l  
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Insoluble fibre is poorly digested and survives passage through the colon. It carries 

water inside its cellular structure and as a result increases faecal volume. Soluble fibre, on 

the other hand is fermented by the microflora, stimulates bacterial growth and increases 

bacterial faecal mass. The conversion of substrate to bacteria in an anaerobic environment 

is only about 30 - 35 % w/w. In dogs fed beet pulp 7 .5 % DM there was an increase in the 

amount of wet faeces compared with the control and the content of OM was decreased. The 

addition of 2.5,  5 or 7.5 %OM oat fibre (no soluble fraction) increased the we ight of faeces 

but did not modifY greatly the faecal OM content 588. Some rapidly fermentable fibres such 

as pectin have very little effect on faecal weight 558,694,703 . S imi larly, fruit and vegetables 

are unpredictable in their effects on bacterial mass and faecal weight 558 . The bulking 

activity of fruit and vegetables does not correlate with their water holding capacity. Cereal 

fibres on the other hand depend on this characteristic to be good bulk ing agents 592 . 

The effect of the products of fermentation on faecal mass is yet undefined. Slowly 

fermentable fibres may increase faecal bulk by production of SCF A in the lower colon that 

are not absorbed and retain water in the faecal mass 56 1 ,703
. 

In veterinary sc ience and more specifically in the pet food industry, faecal 

characteristics are an important consideration when designing diets because of the impact 

th is has on petfood purchasing preferences. Therefore, dietary fibre supplements and 

dietary fibre additives (gums mainly) have to be careful ly screened in the species to which 

they wil l  be fed for amount of faeces produced and faecal characteristics . 
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The cat and dietary fibre: what do we know so far? 

D ietary fibre is not traditional ly considered an important component of the diet o f  

strict carnivores l ike the cat. However, in the wild, fe lids consume entire carcasses 

including the abdominal organs usual ly fil led with semi-digested plant material . 

Acceptance of a diet of meat was h igh in cats even when wheat bran, ce l lulose, horn meal , 

feather meal, rumen content, grass meal, raw potato starch and raw corn starch were added 

at 5 ,  1 0  or 1 5  % total weight 704 . These are al l h ighly indigestible fibres and materials that 

could potential ly affect palatabi lity and texture of the food, both of which are important 

determinants of food consumption in the cat 345 . Peat, dried apples, pectin and dried sugar 

beet pulp added at 5 % total weight were refused by cats 704. 

Several sources of dietary fibre (cel lulose, wheat bran, rumen content and grass 

meal) decreased apparent digestibility of organic matter and protein (except cell ulose), fat 

and d igestible energy which was in proportion to the amount of crude fibre added 704 . 

Decreased digest ibi l ities had been observed before when studying different types of cat 

food 570. Canned foods were found to have a lower d igestibi lity than dried and semi-moist 

foods. It was suggested that this effect was due to the addition to the canned diets of 

carrageenans, carob gums and soy o ligosaccharides as  gel ling agents. 

Cat faeces have been shown to contain microorganisms that can fennent dietary 

fibre 6 1 3. Strictly speaking the presence of these microorganisms does not prove that cats 

can derive the same benefits from dietary fibre util ization than other species. In vitro 

fermentation of fibres with faecal inoculum has not been val idated. Intestinal m icro flora 
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changes along the colon i n  accordance to their capacity to metabolize different substrates 

and also in. relation to the decrease in fermentab le substrates along the colon 253,523 . 

Therefore, although in vitro testing indicates that cats potentially may have the abi lity to 

ferment dietary fibres, in vivo testing is required to confirm in vitro findings and establ ish 

the effects of dietary fibre. 

Sunvold ( 1 995) 70S
, demonstrated that cats can ferment different types of fibres, 

although the digestibi l ity of soluble fibres was poor compared with other species, such as 

dogs and pigs 588,605. Soluble fibres (mainly different types of gums) did cause h igher faecal 

output and markedly reduced digestibil ity of nitrogen, lipids and energy. Interestingly there 

was a high correlation between the results of the in vitro fermentation and in vivo 

digestib i l ity tests when fermentation of insoluble poorly fermentable or  moderately 

fermentable fibres (beet pulp) were used, but not when soluble highly fermentable fibres 

were involved 6 1 3 . This supports the requirement for measuring fermentabi l ity of d ietary 

fibre in vivo. 

No model of colon ic fermentation is available for studying the processes that dietary 

fibre undergoes in the colonic environment. Colonic perfusion studies allow the study of 

the effects of dietary fibre in colonic structure and function but these studies are only 

available as a research technique since they are quite invasive and therefore not suitable for 

use in c l inical cases of gastrointestinal fel ine  disease. Bueno (2000a and 2000b) 706,707 used 

th is technique to assess the effects of d ietary fibres of different fermentabil ities (cel lulose, 

beet pu lp and pectin/gum arabic at approximately 8.5% as fed) on the colon of healthy cats. 

There was a definitive difference between the control d iet and all the diets with dietary fibre 
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added. Al l  diets supplemented with d ietary fibre increased colon weight and decreased 

surface :mass ratio of the colon. Unfortunately, no clear division between the d ifferent fibres 

was found regarding transport of SCF A, faecal bacterial counts, colonic weight per 

kilogram of body weight, electrolyte and water transport or colonic surface :mass ratio. 

Moreover, the control d iet (no fibre) seemed to behave in a simi lar fashion to the h ighly 

soluble and fermentable pectin/gum arabic mixture regard ing SCF A production and faecal 

bacterial count. Although the group of cats on the pectin/gum arabic mixture consumed 

less food and lost weight during the experimental period, they, on average, sti l l  consumed 

more dietary fibre than the control group .  Mucosal DNA content was simi lar for al l diets 

including the control d iet with no fibre, but mucosal oxygen consumption was increased for 

most fibres, especial ly the pectin/gum arabic mixture. Morphological differences were non­

apparent between any of the diets. Crypt depth was lower in the distal segment of the colon 

than in the proximal colon irrespective of d iet but this finding has been reported as a normal 

feature of fel ine colon 16. Unfortunately, statistical analys is is not well described, and it is 

uncertain if  allowance for multiple comparisons has been considered. As a summary, from 

th is study it can be said that d ietary fibre has been shown to produce an increase in colonic 

weight in the cat most l ikely due to muscular hypertrophy since there was no increase in 

mucosal DNA content to support an increase in mucosal cells. The increase in mucosal 

oxygen consumption indicates an increase in metabolic activity. This may be due to the 

util ization of fermentation products l ike SCF A, which wou ld be more abundant with any 

fibre (when compared to the control d iet) but especially with highly fermentable fibres l ike 

pectin/gum arabic mixture. However, the functional significance of a fermentable substrate 

in the cat colon is stil l  in question. 
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Earlier studies had shown that the addition of dietary fibre to the diet (beet pulp) 

causes a change in the capacity of fel ine faecal inoculum to ferment dietary fibre 705 

possibly by changing the qual ity or quantity of the bacterial flora or their metabo lic 

capacities. This was further confirmed in more specific studies in which fel ine faeces were 

cultured before arid after the addition of lactosucrose 708 or fructo-ol igosaccharides 534 to the 

diet. These stud ies showed increases in Bifidobacteria spp., Bacteroides spp. and 

Lactobacilli spp., and reductions of E. coli and Clostridium perfringes but these changes 

were not always statistically sign ificant. The functional sign ificance of these changes in 

bacterial flora in cats is unknown and controversial at best in other species. In addition, 

these cats may not have been a good model to study the gastrointestinal flora of common 

veterinary patients as some of them were Specific Pathogen Free (SPF) cats-barrier 

maintained. Itoh et al .  ( 1 984) 709, compared the flora of several groups of laboratory cats, 

some SPF and some conventionally kept. He d id found differences in the bacterial species 

present in the faeces between the SPF and conventional cats. Simi larly, it is possible that 

differences occur with different feeding habits, as it has been shown in rats and fowls 7 10, 

which could be an important d ifference between publ ic owned cats and research cats (ad­

libitum feeding vs. meal feeding). However, a more recent report found no difference 

between research cats and privately owned home cats 7 1 1 . 

The use of prebiotics in humans has been deve loped with the aim of increasing the 

number of Bifidobacteria in the colon to take advantage of the purported benefits of these 

bacteria. However, as in the dog 520, Bifidobacteria have not always been isolated from the 

fel ine gut 5 1 8,708,709,7 12. Nevertheless, one report suggests that lactosucrose appears to be 

able to promote the proliferation ofBifidobacteria in the fel ine colon 708. 
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Sparkes et al .  ( 1 998b) 5 1 8 repeatedly sampled cats to obtain duodenal juice for 

culture before, during and after being on a diet enriched with fructo-oligosaccharides 

(FOS). No changes on the duodenal flora were found in spite of the fact that the cat 

harbours h igher numbers of bacteria than other species in its smal l intestine 
7 1 0,7 1 3,7 1 4

. 

Fermentation of FOS and selective growth of bacterial species in the small intestine is 

conceivable because the duodenal bacterial flora of cats more closely approximates large 

bowel flora than that of other species 
7 1 4

. 

The studies described above show that d iet affects the colonic and faecal flora of 

cats, but the situation in the smal l intestine is less certain. However, a h igh degree of 

variation exists in  one individual at different times while consuming the same diet, and in 

between individual cats 5 1 8 that makes it difficult to reach c1ear--cut conclusions. 

There is no experimental data on the effects of fibre on fel ine gastrointestinal 

motil ity and contractile activity. The cranial colonic moti l ity of cats includes slow waves 

and migrating spike bursts as are seen in the dog 715.  Therefore, fibre may affect fel ine  

colonic moti lity in  a similar manner to that of the dog (see earl ier discussion). Smal l 

intestinal moti l ity is d ifferent in the cat when compared to the dog 716.717  and hence, the 

effects of dietary fibres on the feline small intestine may be more unpredictable. 

Gastric emptying has been measured in cats with barium impregnated polyethylene 

spheres (BIPS) when consuming a diet high in insoluble fibre (29 . 1 %DM). The gastric 

emptying of the B rPS was more rapid on the h igh fibre diet than when the cats consumed a 
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low fibre d iet 7 1 8 . However, the diets were not directly comparable, specifically in the ir  fat 

content, which is known to affect gastric emptying. 

Faecal characteristics have also been reported to change when dietary fibre is added 

to cats' d iets. The use of wheat bran, hom meal, feather meal, rumen content, and grass 

meal decreased dry matter content in the faeces and increased the frequency of defecation 

wh ile cellulose and raw starch did not 704. In another study, cats consuming d ifferent fi bres 

(8 -1 2.5% DM) increased wet faecal output, but espec ially so when so luble fibres were 

added 6 1 3 . The worse faecal characteristics (softer faeces) and higher number of defecations 

occurred as a result of the addition of a mixture of gums and pectin. Cellulose increased the 

faecal dry matter to equal proportions than a mixture of cellu lose and gum arabic. This 

latter combination maintained good faecal characteristics with the added benefits of 

fennentable fibres. Beet pulp perfonnance was similar to this combination but produced 

sl ightly wetter faeces. 

In summary, d ietary fibre has shown to influence several parameters of 

gastrointestinal structure and function in the cat including digestibi l ity of other nutrients, 

colon ic weight, bacterial flora and faecal characteristics. However, more research is 

needed, especial ly to detennine if dietary fibre has beneficial effects on colonic injury, 

colon ic e lectrolyte and fluid absorption and colon ic moti l ity in cats. 
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CONCLUSIONS 

Diet before, duri ng a nd after I BD. Does it matter? 

A great deal of research has been carried out in the last few decades on the 

response of the gastrointestinal tract to diet and disease. Some of the encouragement for 

th is work came from the increase in the prevalence of idiopathic inflammatory condi tions 

in the human population and the chal lenge of find ing a cause and better treatments for 

diseases that can affect qual ity of l ife as markedly as Crohn ' s  disease and ulcerative 

col itis. The interest in c l in ical nutrition in veterinary science has been fue lled by the 

commerc ial interests of companies to provide better diets than the ir competitors in a pet 

food industry that has far exceeded the economic success expected of it. 

As we have seen from the epidemiology discussion, it has not been easy to marry 

certain foods with the presence of [BD although we have gained a great deal of 

understand ing as to how some nutritional and non-nutritional factors may change the risk 

of these gastrointestinal d iseases. The results of the epidemio logical studies have not 

always been that rewarding. Nevertheless, the gains from these and other studies have 

been sign i ficant even if they have not identified the aetiology of IBD and other 

gastrointestinal d iseases. Thus, we have deepened our understanding of gastrointestinal 

and mucosal immunity, of the close relationship we enjoy (or otherwise) with our own 

bacterial flora, the effects of d ifferent foods in the development and health of our gut and 

how dietary advice can be used to change the course of disease. 
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Human IBD in  its mam forms o f  express ion, Crohn 's Disease and ulcerative 

co l itis, has been wel l  characterized in its course, c l in ical signs, h istopatho logical specific 

lesions and its pathophysiology has become c learer so that treatment has been much 

improved even though we sti l l do not know the causal agent. Veterinarians are not that 

fortunate. There is a lack of specificity in the diagnosis of IBD of companion an imals and 

our d iagnostic methods are sti l l  crude. Recent attempts to study the gastro intestinal 

functions of dogs and cats are a step in the right direction .  Nevertheless, as discussed, a 

variety o f  effects of nutrients on the structure and function of the gastrointestinal tract 

have been reported and hence optimizing the diet fed to patients with IBD should provide 

a therapeutic avenue that decreases treatment fai lure in the management of inflammatory 

bowe l disease in companion animals. However, the current theory on the 

aetiopathogenesis of idiopathic inflammatory disease involves the interaction of host and 

environment and therefore it is not easy task to work out its intricac ies 

In veterinary science there is an urgent need to improve our abi l ity to make a more 

defin itive d iagnosis of IBD.  There is also a pressing need to explore the ro le of d iet i n  the 

maintenance of gastrointestinal inflammation and the use of a number of nutritional 

therapeutic strategies including d ifferent types of proteins or polypeptides, specific fatty 

acids, antiox idants and d ietary fibre. Added to this  i s  the potential to unravel  the 

interaction of diet with the bacterial flora and their interplay with gastrointestinal d isease. 

These goals wi l l  not be real ized unti l  better too ls become avai lable to document the 

influence of diet on gastrointestinal structure and function, such as better techn iques to 

study peptide handl ing by the enterocyte and the immune system of the gut, better 

techn iques to characterize and quantify normal bacterial flora; more re liable methods to 
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measure gastrointestinal motil ity and its interaction with gastrointestinal secretion and 

absorption, and more specific markers of gastrointestinal health . It is possible that future 

work using such tools wi l l  eventually demonstrate that the syndrome of IBO is made up 

of a group of diseases with s imilar c l in ical and pathologic man ifestations, but perhaps 

requiring d ifferent dietary management. 

The fol lowing chapters of this  thesis include a multicentre epidemiological study 

of fel ine IBO to identifY risks factors for the presence of d isease ; a study of carbohydrate 

to lerance in cats with IBO and healthy cats; a study of the effects of inulin on the 

prol iferation of the gastrointestinal epithelium, colonic motil ity, macronutrient 

digestib i l ity and faecal characteristics in healthy cats and a small number of cats w ith a 

h istory of colitis; and lastly the development of a novel device to collect rectal mucosal 

fluid for future stud ies in fel ine IBO characterization or diagnosis. Through the work 

described in the chapters of thi s  thesis an attempt has been made to contribute to the 

enormous gaps in our knowledge of fel ine IBO and to shed some light on its potential 

causes, pathophysiology, diagnosis and nutritional management. 
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