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ABSTRACT 
 
The gastrointestinal microflora, the largest single collection of cells in the body, influence their human host 
in a variety of ways.  Useful in this connection is the concept of Microflora-Associated Characteristics 
(MACs), which are defined as any anatomical structure or physiological, biochemical or immunological 
function in the host that is affected by the microflora. 
In the present investigation we have established and evaluated reliable reference values for three MACs, i.e., 
the conversion of cholesterol to coprostanol,  content of urobilinogens and tryptic activity (FTA) in faecal 
samples. Ours is the largest study of its kind to date, assessing these parameters in more than 560 healthy 
men and women (HS; Healthy Subjects) and analyzing the findings with respect to both gender and age 
(employing arbitrary division into groups < 36, 36-50 and > 50 years old). 

Conversion of cholesterol to coprostanol in 633 HS; In general, the proportion of men with the highest 
conversion rate was found in the oldest age group in contrast to women were the conversion was of the same 
order of magnitude, irrespectively of age group.  

One possible explanation for these observations might be that men with low or no converting capacity in 
the oldest age group are lost in this cohort of HS. However, to rule out whether the capacity to convert 
cholesterol is related to morbidity requires additional long-term studies. 

Formation of urobilinogens in 562 HS; In general, the levels of urobilinogens were higher in men 
irrespectively of age group.  

Both bilirubin and its metabolites – urobilinogens – undergo enterohepatic circulation and thereby 
provide an interesting endogenous model for xenobiotics. The reference values found in this study might be 
of value when evaluating metabolism of xenobiotics in relation to gender and age. 

Degradation of FTA in 573 HS; In general, the mean levels were highest in the youngest male group 
and decreased successively in the two older groups. Although the same tendency was observed among the 
women, at all ages the men demonstrated higher mean values. 

FTA appears to be an important regulator of the intestinal flora by activating defensins. The clinical 
relevance of these findings in patients with inflammatory bowel disease should be explored in greater 
details. 

Determination of these same MACs in patients suffering from Ulcerative Colitis (UC) or 
Rheumatoid Arthritis (RA): Irrespective of the extent to which their disease had spread, patients suffering 
from UC exhibited less formation of coprostanol, reduced levels of urobilinogens and elevated levels of 
FTA in comparison to HS. For ethical reasons we could not clarify the influence of 
SalicylAzoSulphaPyridine (SASP; sulphasalazine) on these variables. Thus, patients with RA treated with 
SASP were evaluated with respect to these MACs as well. 

Patients with RA who were not receiving SASP demonstrated a higher frequency of high converters of 
cholesterol to coprostanol in comparison to a gender- and age-matched group of HS. Treatment with SASP 
in patients with RA tended to reduce the coprostanol formation but markedly reduced the levels of 
urobilinogens and increased the FTA values compared to the untreated patients with RA. 

Consequently, it appears likely that the alterations observed in patients with UC are also induced by  
SASP, which seems thus to exert a general  influence on the cross-talk between different types of microbes 
and between microbes and the host which goes on continuously  in the gastrointestinal tract. 
Keywords: Microflora-associated characteristics; cholesterol; coprostanol; urobilinogen; faecal tryptic 
activity; ulcerative colitis; rheumatoid arthritis; sulphasalazine 
 
ISBN 978-91-7409-489-3

 



 

 

 
 
 



 

 

LIST OF PUBLICATIONS 
 
 
 
I 
 
 
 
 
 
 
 
II 
 
 
 
 
 
III 
 
 
 
 
 
 
IV 

The present thesis is based on the following publications, which 
will be referred to in text by their Roman numerals: 
 
  Benno P, Midtvedt K, Alam M, Collinder E, Norin E & 

Midtvedt T. 
Examination of intestinal conversion of cholesterol to 
coprostanol in 633 healthy subjects reveals an age- and sex-
dependent pattern. 
Microb Ecol Health Dis 2005;17:200-204. 

 
 
 Benno P, Alam M, Collinder E, Norin E & Midtvedt T. 

Faecal tryptic activity and excretion of urobilins in 573 
healthy subjects living in Sweden, Norway and Scotland. 
Microb Ecol Health Dis 2003;15:169-174. 

 
 
 Benno P, Leijonmarck C-E, Monsén U, Uribe A & 

Midtvedt T.  
Functional alterations of the microflora in patients with 
ulcerative colitis. 
Scand J Gastroenterol 1993;28:839-844. 

 
 
  Benno P, Alam M, Henriksson K, Norin E, Uribe A & 

Midtvedt T. 
Abnormal colonic microbial function in patients with 
rheumatoid arthritis. 
Scand J Rheumatol 1994;23:311-315. 

 
 
 
 

 



 
TABLE OF CONTENTS 

 

 
1 INTRODUCTION .................................................................................................... 1 

2 BACKGROUND ...................................................................................................... 3 

2.1 THE GASTROINTESTINAL MICROBIOTA: GENERAL ASPECTS ............................................. 3 
2.1.1 Interactions between the host, intestinal flora and environment ............................. 4 

2.2 APPROACHES TO THE EVALUATION OF INTESTINAL BACTERIA ........................................ 5 
2.2.1 Culturing ................................................................................................................... 5 
2.2.2 Morphological, molecular and biochemical approaches ........................................ 5 

2.3 THE INTESTINAL FLORA AND DISEASE .............................................................................. 8 
2.3.1 Ulcerative Colitis (UC) ............................................................................................. 9 
2.3.2 Rheumatoid Arthritis (RA) ...................................................................................... 10 

2.4 SULPHASALAZINE (SALICYLAZOSULPHAPYRIDINE; SASP) .......................................... 12 

3 AIMS OF THE STUDY ........................................................................................ 14 

4 MATERIALS AND METHODS .......................................................................... 15 

4.1 HEALTHY SUBJECTS ......................................................................................................... 15 
4.1.1 Conversion of  cholesterol to coprostanol (Paper I) ............................................. 15 
4.1.2 Formation of  urobilinogens  and degradation of   
 tryptic activity (Paper II) ......................................................................................... 15 

4.2 PATIENTS WITH ULCERATIVE COLITIS (PAPER III) .......................................................... 16 
4.3 PATIENTS WITH RHEUMATOID ARTHRITIS (PAPER IV) ................................................... 16 
4.4 HEALTHY CONTROLS (PAPERS III & IV) ......................................................................... 16 
4.5 COLLECTION OF FAECAL SAMPLES .................................................................................. 17 
4.6 DETERMINATION OF CHOLESTEROL AND COPROSTANOL ............................................... 17 
4.7 DETERMINATION OF UROBILINOGENS ............................................................................. 18 
4.8 DETERMINATION OF TRYPTIC ACTIVITY ......................................................................... 18 
4.9 STATISTICAL ANALYSIS ................................................................................................... 18 

5 RESULTS ................................................................................................................ 20 

5.1 HEALTHY SUBJECTS (PAPERS I AND II) ........................................................................... 20 
5.1.1 Conversion of  cholesterol to coprostanol (Paper I) ............................................. 20 
5.1.2 Formation of urobilinogens  and degradation of tryptic activity (Paper II) ........ 20 

5.2 PATIENTS WITH ULCERATIVE COLITIS (PAPER III) .......................................................... 20 
5.2.1 Conversion of  cholesterol to coprostanol . ........................................................... 21 
5.2.2 Formation of  urobilinogens (Table V) .................................................................. 21 
5.2.3 Degradation of  tryptic activity (Table V) .............................................................. 21 

5.3 PATIENTS WITH RHEUMATOID ARTHRITIS (PAPER IV) ................................................... 21 
5.3.1 Conversion of  cholesterol to coprostanol (Table IV) ........................................... 21 
5.3.2 Formation of  urobilinogens (Table V) .................................................................. 21 
5.3.3 Degradation of  tryptic activity (Table V) .............................................................. 21 



 

 

6 DISCUSSION ......................................................................................................... 23 

6.1 CONVERSION OF CHOLESTEROL TO COPROSTANOL ........................................................ 23 
6.1.1 Healthy subjects ...................................................................................................... 23 
6.1.2 Patients with ulcerative colitis ............................................................................... 26 
6.1.3 Patients with rheumatoid arthritis ......................................................................... 26 

6.2 FORMATION OF UROBILINOGENS..................................................................................... 27 
6.2.1 Healthy subjects ...................................................................................................... 27 
6.2.2 Patients with ulcerative colitis ............................................................................... 27 
6.2.3 Patients with rheumatoid arthritis ......................................................................... 27 

6.3 DEGRADATION OF  TRYPTIC ACTIVITY  .......................................................................... 27 
6.3.1 Healthy subjects ...................................................................................................... 27 
6.3.2 Patients with ulcerative colitis ............................................................................... 28 
6.3.3 Patients with rheumatoid arthritis ......................................................................... 28 

6.4 THE INFLUENCE OF ENVIRONMENTAL FACTORS ON MACS ........................................... 28 
6.4.1 Diet .......................................................................................................................... 28 
6.4.2 Influence of SASP and NSAIDs .............................................................................. 29 

7 SUMMARY AND CONCLUSIONS ................................................................... 32 

8 ACKNOWLEDGEMENTS ................................................................................. 34 

9 REFERENCES ...................................................................................................... 35 

10 PAPERS I-IV ......................................................................................................... 47 

 
 



 

 

LIST OF ABBREVIATIONS 
 
FTA 
 
GAC 
 
GF 
 
GI 
 
IBD 
 
MAC 
 
ME 
 
MI 
 
MT 
 
NSAID 
 
PPAR-γ 
 
PSTI 
 
RA 
 
SASP 
 
SCFAs 
 
SP 
 
UC 
 
5-ASA 
 
 

Faecal Tryptic Activity
 
GermFree Animal Characteristic 
 
GermFree  
 
GastroIntestinal 
 
Inflammatory Bowel Disease 
 
Microflora-Associated Characteristic  
 
Milieu Exterieur 
 
Milieu Interieur 
 
Milieu Total 
 
Non-Steroidal Anti-Inflammatory Drug 
 
Peroxisome Proliferator-Activated Receptor-γ 
 
Pancreatic Secretory Trypsin Inhibitor 
 
Rheumatoid Arthritis 
 
SalicylAzoSulphaPyridine (sulphasalazine) 
 
Short-Chain Fatty Acids 
 
SulphaPyridine 
 
Ulcerative Colitis 
 
5-AminoSalicylic Acid 
 
 

  
 



 

  1 

1  INTRODUCTION 
 
The GastroIntestinal (GI) flora is the most complex part of the mammalian 
microflora, with a composition that differs between animal species and 
between different members of the same species, as well as during the lifetime 
of one and the same individual.  The extensive efforts devoted to mapping the 
composition of the intestinal microflora have resulted in the isolation, 
characterization and enumeration of hundreds of bacterial species. Such 
detailed analysis, involving molecular approaches, is a monumental task. An 
alternative strategy has been to examine the metabolic capacity of the 
microbial flora in vitro [Midtvedt 1974].  

A third approach is to investigate the overall effect of interactions between 
the microflora and their host, - i.e., the functional homeostasis established by 
the host, the intestinal flora and the intraluminal environment in combination 
(Figure 1).  
 

Figure 1. The gastrointestinal ecosystem in man and animals. 
 

Elucidation of these interactions, referred to as Microflora-Associated 
Characteristics (MACs), has proven to be useful in evaluating the GI 
ecosystem [Midtvedt 1985a]. MACs are defined as the recording of any 
anatomical structure, physiological, biochemical or immunological function in 
a macroorganism, that is influenced by the microflora. 

Over the years, numerous attempts have been made to assess the role played 
by the microflora in the pathogenesis of Inflammatory Bowel Disease (IBD) 
and Rheumatoid Arthritis (RA). To date, however, the gut flora of patients 
with these diseases have not been found to exhibit any distinguishing 
characteristics and, furthermore, no consistent changes in the composition of 



 

2 

their faecal flora following treatment with sulphasalazine (SalicylAzoSulpha-
Pyridine; SASP), a drug commonly used in their treatment, have been reported.  
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2 BACKGROUND 
 
 
2.1 The gastrointestinal microbiota: general aspects 

The qualitative and quantitative composition of the microflora in the various 
compartments of the GI tract reflect complex interactions between the 
microorganisms themselves, as well as with the host. These interactions can be 
characterized on several different levels (e.g., phenotypic and genotypic 
alterations, etc.) and the outcome is often described in terms such as 
commensalism, parasitism, mutualism, antagonism, etc. It should be 
emphasized, however, that such terms most often refer to the outcome for the 
host, not for the individual microbial species or strain.  

The GI tract harbours bacteria that display pronounced structural 
differences. In Gram-negative bacteria, the cell wall consists of 
lipopolysaccharide layer, outer membrane, lipoprotein and peptidoglycan layer. 
The lipopolysaccharide layer contains a complex lipid, lipid A, which is 
released when the cells are lysed and is extremely toxic both to human beings 
and other mammals [Jawetz et al. 1987]. Furthermore, lipopolysaccharides 
activate innate immunity, stimulating lymphocytes and the release of cytokines 
[Mattern et al. 1994], thus promoting the development of inflammatory 
responses. The cell wall of Gram-positive bacteria consists mainly of 
peptidoglycan and teichoic acids. These peptidoglycans can trigger the immune 
system and induce severe experimental arthritis in rats (Hazenberg et al. 1992).   

The distribution of microflora in different compartments of the intestine is 
influenced to a considerable extent by the host, as well as by environmental 
factors. In the case of man, only a few species, such as Helicobacter pylori, are 
capable of colonizing the highly acidic gastric environment (pH 1-2). As the 
contents of the small intestine become more alkaline, the numbers and 
complexity of the resident flora gradually increase. Several factors, including the  

i. rapid transit of contents due to pronounced  motility [Huseby et al. 2001], 
ii. influence of clearance by bile acids [Floch et al. 1972],  
iii. local actions of IgA [Neutra & Forstner 1987] and 
iiii. defensins [Wehkamp & Stange 2006] 

counteract the establishment of resident microbiota in the upper portion of the 
small intestine. In contrast, in the lower regions of the small intestine and in the 
colon, the population of bacteria, and in particular of anaerobes, increases 
markedly,  being as much as a million-fold higher in the colon than in the 
upper small intestine.  
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2.1.1 Interactions between the host, intestinal flora and environment  

Interactions between intestinal bacteria and the host may vary from being 
primarily parasitism to being largely mutualism. In parasitism one of the 
partners benefits at the expense of the other, whereas mutual relationships are 
beneficial for both. In connection with both of these types of interactions, the 
gut microbes carry out a large number of biochemical reactions and can 
actually be considered to be the most active and largest “organ” in the human  
body. 

As might be expected, the nature of the diet extents major influences on 
both the composition and metabolic activities of the intestinal microflora. In 
terms of bulk, carbohydrates constitute the largest portion of human diets and 
disacharides such as sucrose, lactose and maltose are hydrolyzed to their 
constituent monosacharides in the lumen of the host intestine, where starch is 
also broken down to glucose [Hooper et al. 2002]. In the small intestine 
hydrolysis of other polysaccharides occurs to only a limited extend, as a result 
of which undegraded carbohydrates represent a significant proportion of the 
dietary components that pass into the colon each day.  

Fermentation of these carbohydrates by bacteria under the anaerobic 
conditions present in the lower regions of the gastrointestinal tract results in 
organic acids, predominantly Short Chain Fatty Acids (SCFAs). SCFAs longer 
than acetic acid, including propionic, butyric, caproic and valeric acids, are 
produced by anabolic bacterial processes that consume electrons and ATP.  
Oxidation of butyric acid, an important fuel for the host enterocytes, is required 
for the absorption of ions, and synthesis of mucin and lipid components of 
colonocyte membranes [Roediger 1980]. This is a good example of multistep 
interactions between the microflora and their host.  

The presence of large quantites of animal protein in the diet elevates the 
activities of certain bacterial enzymes, including β-glucuronidase, in both 
animals and humans [Hawrelak & Myers 2004], a phenomen which can have 
important ramifications for the host. For instance, many xenobiotics are 
conjugated, with, e.g., glucoronic acid to enhance their solubility in water prior 
to elimination from the body [Mital & Garg 1995]. Removal of the glucuronic 
acid moiety from such conjugates excreted in the bile by the β-glucuronidase 
of the intestinal microflora reduces their hydrophilocity and allows them to 
reenter the body. A molecule may undergo such enterohepatic circulation 
several times before eliminated in the faeces [Saxerholt 1990]. If the original 
compound and/or its metabolites are toxic and/or genotoxic this may enhance 
the risk for deleterious effects by prolonging its half-life in the body.  

Moreover, the important role that microbes play in helping to extract 
maximal nutrition from the host´s diet is demonstrated clearly by the 
observation that conventional animals require lower caloric intake in order to 
maintain their body weight in comparision to their Germ-Free (GF) 
counterparts [Wostmann 1983].  
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An additional important aspect of the dualistic relationship between the flora 
and their host concerns the metabolism of some nitrogen compounds. When 
formed in the liver, major nitrogen-containing products of protein degradation 
in all mammalian species, will be either excreted into the urine or diffuse into 
certain compartments of the GI tract.  

 Urease, an enzyme expressed by many GI microbes, hydrolyse urea to yield 
ammonium, which is utilized by the microbes for their own growth and 
production of enzymes for hydrolysis of carbohydrates to produce SCFA, 
which provide energy to the host [Midtvedt 2006]. Furthermore, ingested 
nitrate, another nitrogen-containing compound, is taken up from the GI tract 
and within minutes some of this is subsequently secreted into the saliva. In the 
mouth, bacterial reductases reduce nitrate to nitrite.  In the acid stomach 
environment nitrite is non-enzymatically reduced further to nitric oxide. Both 
nitrit and nitric oxide may influence upon many bacterial species as well as the 
host itself [Sobko 2006]. 

In addition, intestinal flora represents an important source of vitamins for 
the host. Thus, GF rodents require vitamin K in their diet, in contrast to 
animals raised in a conventional manner [Gustafsson 1959]. Some GF animals 
also require supplementation with certain of the B vitamins that are 
synthesized by intestinal microbes.  
 
2.2 Approaches to the evaluation of intestinal bacteria 

 
2.2.1 Culturing 

Isolation and identification of bacterial species from the GI tract requires 
specialized techniques, e.g., the use of various selective media in combination 
with anaerobic culture conditions [for a review, see Washington 1991]. In 
attempt to mimic the complex ecosystem present, bioreactors designed to 
simulate the environmental conditions in the gut have been constructed 
[Mäkivuokko & Nurminen 2006]. Despite the advanced techniques employed, 
such models obviously lack the numerous interactions that occur between the 
host and flora.  
 

2.2.2 Morphological, molecular and biochemical approaches  

Microscopic examination, usually after various types of staining, allows the 
detection and partial identification of microorganisms and reveals the general 
features of their morphology [Washington 1991]. 

Molecular methods are the most precise method for classifying bacteria  by 
analysing  their genetic material. DNA hybridisation was used initially to 
determine the relationship among bacterial isolates. By using species-specific 
probes it is also possible to identify bacteria in clinical material [Norin et al. 
2009]. 
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Biochemical tests based on the ability to metabolize various compounds 
primarily carbohydrates, provide valuable characterization of bacteria [Miller 
& O´Hara 1995]. Alterations in the in vitro metabolic capacity of the 
microflora isolated from patients with UC and their relatives have been 
demonstrated in this manner [Katouli et al. 1992]. 

 
Evaluation of Microflora-Associated Characteristics (MACs). Applying a 
slight travesty of the well-known terminology introduced by Claude Bernhard, 
the mammalian organism can be considered to be a Milieu Interieur (MI), a 
normal microbiota as a Milieu Exterieur (ME) and the combination of these 
two a Milieu Total (MT) [Midtvedt 1989]. In evaluating the interplay between 
MI and ME, two concepts, i.e., Microflora Associated Characteristic (MAC) 
and Germfree Animal Characteristic (GAC), have been proven to be of 
considerable value. As mentioned previously, a MAC can be defined as any 
anatomical structure or physiological, biochemical or immunological function 
of a macroorganism which is influenced by the microflora. GF animals  
represent the MI alone and thus, through comparision with their 
normal/conventional counterparts, provide valuable indirect information 
concerning MACs involving GI parameters [Midtvedt 1985a, Midtvedt et al. 
1985b, Midtvedt 1999]. When we are investigating conventional organisms – 
MT – the question “what have the microbes done, ”can be answered by the 
equation MT minus MI = ME. Table 1 lists some of the many anatomical, 
physiological and biochemical parameters which have been investigated 
employing GF organisms and three of the MACs studied most commonly are 
described below and have played a central role in the work described here. 

Conversion of cholesterol to coprostanol. Cholesterol is both an important 
component of the cellular membranes of all mammals and the precursor for the 
biosynthesis of steroid hormones, vitamin D, and bile acids. 
Pathophysiologically, this compound is also thought to be involved in the 
pathogenesis of atheromatous arterial disease, hypertension and cancer of the 
large bowel. 

The cholesterol present in the intestinal contents originates from  both 
endogenous and exogenous sources. Endogenous cholesterol is mainly 
produced by synthesis in the liver and small intestine while exogenous 
cholesterol is derived from food of animal origin. The major routes for the 
elimination of plasma cholesterol involve hepatic conversion of this molecule 
to bile acids and subsequent biliary excretion of both these bile acids and 
unmetabolized cholesterol.  

In the intestinal tract, this biliary cholesterol is mixed with endogenous 
cholesterol produced by the mucosal cells, as well  as with dietary cholesterol, 
and can be (re)absorbed or metabolized by the intestinal microflora.  

Coprostanol, the major bacterial metabolite in both human beings and other 
mammals is eliminated entirely in the faeces, where it constitutes the major 
derivative of cholesterol [Benno 1999]. Until recently, formation of 
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coprostanol was thought to be performed by only a few species of bacteria, 
e.g., Eubacterium lentum and E. coprostanoligenes, which are strictly 
anaerobic, Gram-positive rods [Eyssen et al. 1973, Sadzikowski et al. 1977, 
Freier et al. 1994, Ren et al. 1996]. However, a Bacteroides strain was recently 
isolated from human faeces and was shown to be capable of catalyzing this 
transformation [Gérard et al. 2007]. 

Conversion of bilirubin to urobilinogens. Bile pigments, which consist 
mainly of conjugated forms of bilirubin, are the end-products of the catabolism 
of the heme moiety of hemoglobin and the other hemoproteins in the body. The 
highly hydrophobic bilirubin molecules are conjugated with glucuronic acid in 
order to enhance their water-solubility and thereby facilitate excretion in the 
bile.  In the intestine, conjugates are deconjugated and transformed into a series 
of urobilinogens [for a review, see Saxerholt 1990]. A minor portion of 
intestinal β-glucuronidase activity may be expressed by the host, but most is of 
microbial origin [Rød & Midtvedt 1977]. The ability to transform bilirubin into 
urobilinogens seems to be a rare event among intestinal microorganisms 
[Midtvedt & Gustafsson 1981, Vítek et al. 2005].  

Conjugation of bilirubin - and of several xenobiotics - can be regarded as a 
general detoxificating pathway [Saxerholt 1990] for excreting potentially toxic 
endogenous and exogenous products. Studies involving children and adults, as 
well as rats, mice, pigs and horses demonstrated that any organism with a 
normal microbiota can carry out this conversion [for a review, see Collinder 
2001]. 

Inactivation of tryptic activity.  In respons to the intake of food containing 
proteins, inactive trypsinogen is secreted by the pancreatic gland together with 
PSTI (Pancreatic Secretory Trypsin Inactivator), into the small intestine where 
trypsinogen is activated to trypsin either by enterokinase or active trypsin 
already present. Until recently, PSTI was thought to be present only in the 
pancreas gland, but has subsequently been identified in mucin producing cells 
throughout the GI tract [Marchbank et al. 1998].  FTA is the net result of 
complex interactions that occur between pancreatic trypsinogen and activators 
and inactivators that are produced by the host, or intestinal flora or are present 
in the diet [Norin 1989]. In general, FTA is attenuated by intraluminal bacteria, 
as revealed by the high level of this activity present in GF rats [Norin et al. 
1986a, Norin et al. 1986b]. This inactivation of trypsin occurs primarily in the 
caecum [Norin et al. 1986b] and has been shown to be carried out by e.g., 
Bacteroides distasonis [Ramare et al. 1996].  
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Table I. Influence of the microflora on certain major anatomical, physiological and biochemical para- 
meters of the intestine. 

Parameter MAC* GAC* Microbes 
Anatomical/physiological 

Intestinal wall Thick Thin Unknown 

Cell kinetics Fast Slow Unknown 

Migration motor complexes Normal Fewer Unknown 

Size of the caecum Normal Enlarged Partly unknown 

Oxygen tension Low As high as in tissues Several species 

Redox potential (mV) Low (< -100) High (>0) Unknown 

    

Biochemical    

Bile acid metabolism Deconjugation No deconjugation Several species 

Dehydrogenation Dehydrogenation No dehydrogenation Many species 

 Dehydroxylation No dehydroxylation Few species 

Bilirubin metabolism Deconjugation Little  deconjugation Many species 

 Formation of 
urobilinogens 

No formation of 
urobilinogens 

Few species 

Cholesterol Formation of coprostanol No formation of coprostanol Few species 

Intestinal formed gases Carbon dioxide Some carbon dioxide Many species 

 Hydrogen No hydrogen Some species  

 Methane  No methane  Few species 

Mucin  Degradation No degradation  Many species  

Tryptic activity Little or none High activity Few species 

β-aspartylglycine None Present Little known 

Formation of SCFAs Large amounts Far less** Many species 

these  Microflora Associated Characteristic (MAC) and Germfree Animal Characteristic (GAC),  are  

*      adapted from T Midtvedt (1999).  

**    mainly acetic acid from the diet 

 

2.3 The intestinal flora and disease 

There are certain areas of similarity between gastroenterology and 
rheumatology which probably reflects common, still partly unknown 
pathogenic mechanisms and also possible influence(s) on these mechanisms of 
commonly used drugs in both IBD and RA. The intestinal flora is believed to 
be one factor which may play a key role in trigger inflammation in the bowel 
such as in UC, as well as in connection with extraintestinal systemic disorders 
like RA. Undesirable alterations in the gut flora has been referred to as 
“dysbiosis” by Metchnikoff and simply as “qualitative and quantitative change 
in the intestinal flora, their metabolic activity and their local distribution” by 
others [Holzapfel et al. 1998]. 



 

  9 

 
2.3.1 Ulcerative Colitis (UC) 

Background. Ulcerative proctocolitis refers to a chronic inflammation of the 
mucosa characterized clinically by asymptomatic periods.  The incidence of 
this disease in Sweden varied between 4-13 new cases per 100,000 inhabitants 
each year [Nordenvall et al. 1985, Tysk & Järnerot 1992] and its prevalence 
was estimated to be approximately 230 cases per 100,000 people. Onset 
usually occurs between the ages of 20 and 40 [Tysk & Järnerot 1992]. 

The inflammation can be restricted to the rectum (proctitis), or the left 
flexure (left-sided colitis) or can afflict the entire mucosa of the large bowel 
(total colitis).  Rectosigmoidoscopy/colonoscopy and examination of biopsies 
provide valuable information in connection with clinical attempts to diagnose 
UC. Common histological characteristics include infiltration by inflammatory 
cells, basal plasmocytosis, abnormal architecture of the crypts, and a villous-
like mucosa, along with mucosal atrophy [Schumacher 1993]. 

The extraintestinal manifestations of UC include arthralgias and, in 20% of 
the cases, arthritis. The involvement of major joints is usually asymmetric, but 
when symmetric, this condition resembles RA. Joint inflammation may persist 
for weeks to months, but is usually reversible, and persistent deformity of the 
joints involved is rare [Weiner et al. 1991].  

Etiopathogenic aspects. In connection with UC tissue damage occurs in 
those regions of the mucosa that are heavily infiltrated with active CD4+ T 
lymphocytes. Markedly elevated levels of inflammatory mediators, including 
eicosanoids, leukotrienes, free radicals, homocysteine, pro-inflammatory 
cytokines and chemokines, are found in these areas [Stokkers & Hommes  
2004, Danese et al. 2005, Puleston et al. 2005].  

In recent years the participation of mast cells in the pathogenesis of UC has 
been demonstrated [Raithel et al. 2001]. Among other proinflammtory 
mediators activated mast cells release tryptase, one of the serine proteases that 
exhibit trypsin-like activity. Employing an experimental model of IBD, Cenac 
and coworkers [2002] found that intraluminal administration of tryptase 
induces inflammation of the colon.  Also of interest in this context is the 
observation that intrarectal administration of nafamostat mesilate, a protease 
inhibitor, commonly used in the treatment of acute pancreatitis, reduces both 
inflammation in UC patients and trinitrobenzene sulfonic acid (TNBS)-induced 
colitis in rats [Yoshida et al. 2006]. 

In a number of experimental animals that have been genetically engineered 
in order to produce different systemic immune disorders, intestinal 
inflammation also occurs. This is the case for mice deficient in the production 
of IL-2, IL-10 or TCRα, but, interestingly, when these same animals are made 
GF, they do not develop inflammatory bowel disease [Elson et al. 1998]. These 
observations demonstrate that the intestinal flora is necessary and promotes the 
inflammatory process, at least in these animal models. 
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Although clinical data indicate that UC might occurs in connection with 
transient intestinal infections (like traveller´s diarrhoea), reliable evaluation of 
the alterations in the microflora associated with this disease is lacking. Several 
studies have revealed no consistent changes in the intestinal flora in patients 
with UC [van der Wiel-Korstanje & Winkler 1975, Keighley et al. 1978, 
Dickinson et al. 1980, Hartley et al. 1992, Bullock et al. 2004]. 

Nonetheless, treatment with probiotic agents has been attracting greater 
interest during recent years. Some pilot studies and clinical trials have 
evaluated the efficacy of a probiotic preparation known as E.coli Nissle 1917. 
Interestingly, this non-pathogenic bacteria proved to exert effects on patients 
with UC that were as beneficial as those obtained using standard maintenance 
treatment with mesalazine (5-AminoSalicylicAcid; 5-ASA)  [Rembacken et al. 
1999, Kruis et al. 2004].  

The mechanisms that have been proposed to underlie the general effects of 
probiotics include counteracting the adherence [Johnson-Henry et al. 2007] 
and/or translocation [Osman et al. 2006] of pathogenic bacteria or the 
production of bacteriocins [Stern et al. 2006]. Furthermore, probiotics may 
stimulate mucosal defences and help to achieve a balanced T-helper cell 
response [Forchielli & Walker 2005].  Whether and to what extent these 
proposed effects have any bearing in patients with UC remains to be proven. 

A small number of limited studies have addressed the possible beneficial 
effects of prebiotics on UC. For instance, Fernández–Banares and coworkers 
[1999] found that treatment of patients with UC with psyllium (also known as 
ispagula or Plantago ovata) was as effective as conventional maintenance 
treatment with mesalazine.  

Taken together, the prophylactic and therapeutic potential of pre- and 
probiotics in connection with UC is still far from elucidated. 
 

2.3.2 Rheumatoid Arthritis (RA) 

Background. The primary symptom of RA, a chronic inflammatory systemic 
disease, is arthritis in the peripheral joints, usually exhibiting a symmetrical 
distribution. Diagnosis of RA is based on various clinical features, 
radiographic changes, presence of anticyclic citrullinated peptides [Samanci et 
al. 2005] and IgM autoantibodies against IgG (i.e., rheumatoid factor) in the 
serum [Arnett et al. 1988]. The functional status of these patients is assessed 
with a number of scales developed specifically for this purpose, of which one 
of the most commonly empoyed is the Stanford Health Assessment 
Questionnaire (HAQ) [Ekdahl et al. 1988]. This questionnaire provides a 
quantitative evaluation of functional status, including the limitations of self-
care. 

The prevalence and estimated incidence of RA are approximately 1% and 
0.01%, respectively [Gran 1987], with this disease being 2- to 3-fold more 
common in women than in men [Alamanos et al. 2006]. Onset, which may 
occur at any age, is most common during the fourth and fifth decades of life.  
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As mentioned above, the hallmark of RA is bilateral, symmetrical polyarthritis, 
most characteristically involving both wrists and the second and third 
metacarpal phalangeal joints. Its severity varies from mild, where only a few 
joints are slightly affected, to severe, with irreversible tissue damage associated 
with deformation and instability of joints. A wide variety of other 
manifestations common to rheumatoid disease are also found in patients with 
RA, such as rheumatic nodules, vasculitis, and complications involving the 
heart, lungs, kidneys and skin [Zvaifler 2006]. 

At an early stage in the development of the disease inflammatory cells 
infiltrate the synovial membrane, followed by proliferation of mononuclear 
cells and resident synovial cells, which leads to hypertrophy of the synovial 
membrane and joint effusions. 

Etiopathogenic aspects. On the basis of their presence in elevated numbers 
in the gut and throat of patients with RA, Svartz [1972] suggested that 
Streptococcus sp was a trigging factor for RA.  Other abnormalities in the 
bacterial flora of these patients, in particular with regards to Clostridium 
perfringens  [Olhagen & Månsson 1968, Shinebaum et al. 1987] and Proteus 
mirabilis [Ebringer et al. 1989, Rogers et al. 1988], have also been detected 
utilizing culturing and serological techniques [Sapico et al. 1973, McDonagh et 
al. 1994]. Moreover, in biopsies of the jejunal mucosa and samples of intestinal 
fluid, Henriksson and coworkers [1993] found a frequent intestinal bacterial 
overgrowth, in association with the active disease. Additional observations 
suggest that the intestinal microflora modulate the development of arthritis. For 
example, Kohashi and colleagues [1985] demonstrated that injection of 
bacterial cell walls into rats can induce arthritis and, furthermore, colonization 
of GF rats with a single species of Gram-positive bacteria aggravates arthritis, 
whereas Gram-negative bacteria exert the opposite effect. 

Employing an experimental model referred to as “adjuvant arthritis”, we 
have shown that when conventional male and female rats are injected with 
whole M. tuberculosis cells suspended in Freund´s incomplete adjuvant, the 
females develop arthritis that is significantly more severe. Moreover, the 
susceptibility of the male animals is more age-dependent, with younger rats 
demonstrating more severe disease.  These observations illustrate clearly that 
host factors such as age and sex can influence inflammatory responses to an 
exogenous agent [Benno et al. 1996a].  

Interestingly, in a more comprehensive investigation involving  three 
experimental models of arthritis in both GF and conventional rats of an arthritis 
sensitive strain (DA), the incidence of severe arthritis observed in all three 
models was independent of microbial status. No antibodies to heat-shock 
protein 65 could be detected in the serum of the GF animals, in contrast to the 
conventional animals [Björk et al. 1994].   

In many patients with RA the GI mucosa appears to be affected. For 
example, chronic inflammation and vasculitic lesions have been observed in 
gastric, colonic and rectal biopsies from such patients [Marcolongo et al. 1979] 
and an enhanced incidence of villous atrophy has also been reported 
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[O´Farrelly et al. 1988]. Moreover, alterations in  the intestinal permeability in 
association with administration of Non-Steroidal Anti-Inflammatory Drugs 
(NSAIDs) [Bjarnason et al. 1993], and an elevated frequency of atrophic 
gastritis resulting in achlorhydria and bacterial overgrowth have been observed 
[Henriksson et al. 1986, Di Mario et al. 1989]. However, no consistent 
relationship between such changes and abnormal interactions between the 
microflora and intestinal mucosal cells has yet been definitively demonstrated. 
 
2.4  Sulphasalazine (SalicylAzoSulphaPyridine; SASP) 

SASP is commonly used to treat both RA [McConkey et al. 1980] and UC 
[Baron et al. 1962]. In the case of UC, the therapeutic efficacy of this drug is 
related to the 5-AminoSalicylic Acid (5-ASA) moiety, which appears to act 
topically [Campieri et al. 1985]. The SulphaPyridine (SP) moiety acts as a 
carrier of 5-ASA [Azad Khan et al. 1977] and most of the side-effects that 
occur in approximately one-third of the patients with UC receiving SASP are 
caused by SP. In attempt to reduce the high incidence of such side-effects and, 
at the same time reduce the absorption of 5-ASA in the small intestine, several 
slow- or delayed-release preparations of pure 5-ASA have been developed.  

In patients with UC, 5-ASA/SASP is usually administrated in order to 
prevent relapses, but this drug has also been proven to reduce mild and 
moderate attacks of this disease. In the case of patients with RA, the active 
portion of the SASP molecule has been claimed to be the SP moiety [Pullar et 
al. 1985]. 

Pharmacokinetics and metabolism. SASP is absorbed to a relatively limited 
extent in the small intestine; 75 - 90% of the dose administrated enters the 
colon [Das et al. 1979]. In the colon SASP is cleaved by bacterial reductases to 
yield equal amounts of 5-ASA and SP [Peppercorn & Goldman 1972, Schröder 
1973]. Moreover, at least in rats azo reduction of SASP appears to occur to a 
very minor degree, even in the absence of an intestinal microflora [Benno et al. 
1996b]. 

Molecular aspects of the therapeutic action. The mode of action of SASP in 
patients with UC or RA remains unclear. Although the potential antimicrobial 
activity of SASP could be due either to the intact molecule and/or to its 
metabolites, this activity is generally attributed to the SP moiety of the 
molecule, which acts as a competitive inhibitor of the substrate 
paraaminobenzoic acid in connection with the bacterial synthesis of folic acid 
[Woods 1940]. This antibacterial action requires the presence of a free amino 
group on the aromatic ring, which is produced by cleavage of the azo bond, 
with release of SP.  The in vitro antimicrobial effects ascribed to the intact 
SASP molecule are questionable, since the bacterial species examined under 
these conditions also have the capacity to cleave the azo bond to produce 5-
ASA and SP [Azad Khan et al. 1983].  

Studies on patients with UC have revealed no consistent effect of SASP on 
their microflora [Cooke 1969, West et al. 1974, Hazenberg et al. 1982, 
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Greenfield et al. 1983, Burke & Axon 1988]. In vitro, SASP, SP and 5-ASA 
inhibit the growth of anaerobic strains, in particular strains of Cl. difficile 
[Sandberg-Gertzén et al. 1985]. Isolated reports on patients  with RA indicate 
that SASP inhibits the growth of E. coli, Cl. perfringens [Neumann et al. 1987] 
and Cl. perfringens [Bradley et al. 1993], as well as  reducing the entire faecal 
content of aerobic flora, E. coli and Bacteroides [Kanerud et al. 1994]. 

In cultured rectal mucosa from patients suffering from active UC, SASP and 
5-ASA both potently inhibit the accumulation of prostacyclin I2, thromboxane 
A2 and prostaglandin E2, while SP inhibits only prostaglandin E2 and 
prostacyclin I2 [Ligumsky et al. 1981]. In patients with active UC who respond 
to treatment, administration of 5-ASA reduces the luminal levels of PGE2 and 
LTB4 in patients with active UC, who respond to the treatment [Lauritsen et al. 
1986]. Moreover, in vitro experiments have shown that 5-ASA and, in 
particular, SASP block the synthesis of the products of lipo-oxygenase 
[Stenson & Lobos 1982]. 

Furthermore, SASP and 5-ASA are potential scavengers of reactive  oxygen 
species, at least in vitro [Verspaget et al. 1991]. Indeed, the concentration of 5-
ASA that can accumulate in the inflamed mucosa of patients with UC might be 
in the range required to scavenge free radicals [Grisham 1994]. In addition, 
treatment with 5-ASA reduces the elevated concentrations of lipid peroxides 
observed in the colonic mucosa of patients with UC to normal levels [Nielsen 
& Ahnfelt-Rønne 1991].  

In an experimental model with conventional rats we found that SASP, SP 
and 5-ASA had a selective compartment-dependent proliferative actions on the 
epithelium of the intestinal tract [Benno et al. 1997].  

Activation of the Peroxisome Proliferators-Activated Receptor-γ  (PPAR-γ), 
a nuclear receptor expressed at relatively high levels in the colon, inhibits the 
production of inflammatory cytokines and chemokines, as well as the 
proliferation of inflammatory cells. Recently, 5-ASA was shown both to be a 
ligand for this receptor in the epithelial cells of the colon and to efficiently 
attenuate intestinal inflammation in experimental animals. Accordingly, 
activation of PPAR-γ, by 5-ASA has been proposed to be the major 
mechanism underlying the anti-inflammatory effects of this substance in 
patients with UC. Interestingly, comparision of the consequences of 
overexpression of this receptor in GF mice and mice with conventional 
intestinal flora indicated that the flora plays a pivotal role in modulating the 
inflammatory epithelial response [Dubuquoy et al. 2006]. Whether this is also 
the case for patients with RA is still unknown. 
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3 AIMS OF THE STUDY 
 
 
The investigations described here were designed to achieve the following: 
 

1. To establish and evaluate reference values of three major MACs in 
the GI microflora in healthy subjects by estimating the conversion 
of cholesterol to coprostanol (I), excretion of urobilinogens and 
tryptic activity (FTA) in faecal samples (II). 
 

2. To characterize these MACs in patients with UC and the possible 
relationship of these functions to the extension of the disease (III). 
 

3. The possible influence of SASP on these MACs in patients with RA 
(IV). 
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4 MATERIALS AND METHODS 
 
4.1 Healthy subjects 

Faecal samples from 633 healthy volunteers living in Norway, Scotland and 
Sweden were collected for determination of excretion of cholesterol, 
coprostanol, urobilinogens and tryptic activity.  In case of shortage of faecal 
material the conversion of cholesterol to coprostanol was analysed first, 
followed by FTA and then urobilinogens. All of these subjects were in good 
health, as assessed on the basis of their medical histories and a physical 
examination. None of them had taken any antimicrobial drug during the period 
of at least 6 weeks prior to sampling and all were on a Western diet.  

 
4.1.1 Conversion of cholesterol to coprostanol (Paper I)  

In this study faecal samples from 633 healthy subjects were investigated with 
the following gender- and age-distribution:  
334 Norwegians (133 men & 201 women; 18-43 years), 
93 Scotchmen (29 men & 64 women; 18-58 years),  
206 Swedes (124 men & 82 women; 21-81 years). 

 
4.1.2 Formation of urobilinogens and degradation of tryptic activity 

(Paper II)  

In this study faecal samples from 562 and 573 healthy subjects were 
investigated with respect to urobilinogens and FTA, respectively. The gender- 
and age-distribution were as follows:  
Urobilinogens;   316 Norwegians (130 men & 186 women; age 18-43 years),  
   93 Scotchmen  (29 men & 64 women; 18-58 years),  
 153 Swedes (95 men & 58 women; 21-81 years). 
FTA; 323 Norwegians (126 men & 197 women; 18-43 years), 
   93 Scotchmen  (29 men & 64 women; 18-58 years), 
 157 Swedes (105 men & 52 women; 21-81 years).  
 
 For analysis, this entire population was divided into three arbitrary different 
age groups, i.e., <36 years, 36-50 years and >50 years old. 
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4.2 Patients with ulcerative colitis (Paper III)  

A total of 42 patients exhibiting either clinically and biochemically inactive 
proctitis (n=7) or left-sided (n=18) or total UC (n=17) were included in this 
study. The extent of the disease was determined on the basis of 
rectosigmoideoscopy/colonoscopy and all demonstrated histological changes 
indicative of UC. Patients with mucosal changes proximal to the hepatic or 
distal to the splenic flexures were considered to exhibit total or left-sided UC, 
respectively. They had been given a daily median dose of 2 g SASP for at least 
3 months before the faecal sampling. 
 
4.3 Patients with rheumatoid arthritis (Paper IV)  

This study involved 40 patients with RA, as diagnosed on the basis of the 
Revised Criteria of the American Rheumatism Association (Arnett et al. 1988), 
all of whom had rheumatoid factor in their serum, together with symmetrical 
erosive joint disease. Of these, 19 were on continuous treatment with SASP (at 
a median daily dose of 2 g, range 2-3 g) for at least 3 months prior to faecal 
sampling. Intake of Non-Steroidal Anti-inflammatory Drugs (NSAIDs) was 
reported by 16 patients taking SASP and 14 of the 21 patients not taking 
SASP. At the time when the faecal samples were collected, the functional 
capacity of these patients was assessed employing a health questionnaire 
(HAQ) along with biochemical tests for the presence of inflammation.   
 
4.4 Healthy controls (Papers III & IV) 

In Paper III, the patients with UC were compared with 42 volunteers matched 
for gender and age. 

 In the case of Paper IV, the patients with RA who were not receiving SASP 
were compared with 21 volunteers matched for gender and age.   

None of these control subjects had any history of GI disorders and all were 
also included in Papers I and II. 
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Table III. Demographic characteristics of the patients with ulcerative procto-/colitis 
(Paper III) or rheumatoid arthritis (Paper IV) at the time of faecal sampling.  

 

Disease na Sex Age b Duration of 
the disease b 

  (M/F) (years) (years)  

Ulcerative proctitis 7 4/3 25 
(23-37) 

5 
(3-10) 

Left-sided colitis 18 10/8 41 
(36-48) 

5 
(3-10) 

Total colitis 17 11/6 44 
(38-52) 

11 
(5-17) 

Rheumatoid arthritis  
without treatment 
with SASPc 

21 5/16 61 
(55-65) 

8 
(6-16) 

Rheumatoid arthritis with  
SASPc treatment 

19 7/12 55 
(45-69) 

11 
(3-14) 

a = number of subjects 
b = values are medians and interquartile ranges (25th-75th percentiles) 
c = salicylazosulphapyridine (sulphasalazine) 
 

 
4.5  Collection of faecal samples 

Faecal samples were collected in plastic vials and frozen at –200 C within five 
minutes after collection. For analysis, the samples were thawed at room 
temperature and homogenized manually. Aliquot was transferred to a plastic 
vial for determination of urobilinogens and another aliquot was mixed with 
saline 1:2 (w/w), incubated at +40C  for 2 h  and thereafter centrifuged (35 000 
x g at +40C for 30 min). Aliquots of the supernatant were used for 
determination of FTA. The combined supernatant and sediment was used for 
determination of cholesterol and coprostanol. 

 
 
4.6 Determination of cholesterol and coprostanol 

 The combined supernatant and sediment, obtained as described above, were 
mixed with a solution of 95% ethanol and 10 M NaOH (2:1) and hydrolysed at 
600 C for 45 min, extracted twice with 10 ml hexane, and thereafter with 70% 
ethanol until neutral pH was attained. The cholesterol and coprostanol were 
separated by gas-liquid chromatography (Pye-Unicam GCD-104) at 2900C on 
3% OV-17 (Supelco, USA) [Midtvedt et al. 1990]. Using this method, peak 
areas < 5% were ignored as impurities [Gustafsson & Werner 1968]. 

The results were expressed as the percentage of coprostanol in the total 
amount of cholesterol and coprostanol present. 
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 For purposes of classification, subjects were divided in three groups, non 
converters with a conversion rate of < 5%, low converters with a conversion 
rate ≥ 5% but < 40% and high converters with a conversion rate ≥ 40%.  

 
 
4.7 Determination of urobilinogens 

For measurement of urobilinogens, 0.7 g aliquots of faecal material were 
homogenized in 4.2 ml distilled water utilizing an Ultra-Turrax homogenizer. 
Subsequently, 4.7 ml of 1.3 M ferrous sulphate, and 4.7 ml of 2.5 M sodium 
hydroxide were added, and the resulting suspension was allowed to stand in the 
dark at room temperature for 2 h. Then this preparation was filtered; the filtrate 
thus obtained was centrifuged at 35 000 x g for 20 min at 40 C; and 2.0-ml 
aliquots of the resulting supernatant were used as samples and blank solutions, 
respectively. The absorbance of these samples and blanks at 562 nm against 
distilled water in the reference cuvette was determined with a Hitachi 150-20 
spectrophotometer. Phenolsulphonphthalein was used as an artificial standard 
for “urobilinogen-aldehyde”. Finally, the values thus obtained were converted 
to mmol/kg faeces (wet weight) using 596 Da as the molecular weight for 
urobilinogen [Saxerholt 1990]. 

 
 

4.8 Determination of tryptic activity 

For determination of FTA 0.1 ml of supernatant was added to 2.9 ml Tris 
buffer, pH 8.2, containing 4.4 g calcium chloride per liter. Thereafter, 0.6 ml 
0.003 M BAPNA (N-benzoyl-DL-arginine-paranitroanilide hydrochloride) 
(Sigma, St Louise, MO, USA) was added  as substrate and the reaction was 
carried out at room temperature for 10 min and stopped by adding 0.6 ml 5 M 
acetic acid. For preparation of the standard curve, bovine pancreas trypsin 
(type III, Sigma) diluted in 2 mM hydrochloric acid was used. Each sample 
was analysed in parallel with a blank containing the same amount of sample, 
but no substrate, and the readings were performed on a Hitachi 150-20 
spectrophotometer at 405 nm. On the basis of comparision with the standard 
curve the enzyme activity was finally expressed as mg tryptic activity /kg wet 
weight faeces [Norin et al. 1988]. 

 
 

4.9 Statistical analysis 

All tests were two-sided and p<0.05 were considered to be statistically 
significant. 
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Paper I 
The prevalences of non-converters, low-converters and high-converters in 
Norway, Scotland and Sweden were first compared by factorial ANOVA, 
employing country, gender and age group as the factors. Since this analysis 
revealed no significant differences between the countries, the data for each 
group from all three countries were pooled to obtain reference values.  The 
homogeneity of the group variances was analysed pair-wise by the Welch t-
test, with separate estimates of variance.  
 
Paper II  
Differences between urobilinogens and FTA obtained for the three countries 
were first subjected to statistical analysis using both the chi-square test and 
Kruskal-Wallis (ANOVA). Results from these analyses revealed no 
statistically significant differences, and subsequently data for men and women 
by age group were pooled and possible differences examined employing the 
procedure for least significant difference (LSD).  
 
Papers III and IV 
Data were present as medians and interquartile ranges (25th-75th percentiles). 
The Kruskal-Wallis and Mann-Whitney non-parametric tests and the chi-
square test were used for between-group analyses.  
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5 RESULTS 
 
5.1 Healthy subjects (Papers I and II) 

As mentioned above, since no significant differences between our healthy 
subjects living in Norway, Scotland and Sweden were observed, the data from 
these three countries were pooled. 
 

5.1.1  Conversion of cholesterol to coprostanol (Paper I) 

 For purposes of classification, subjects were divided in non-converters (<5% 
conversion rate), low converters (between 5% and < 40% conversion rate) and 
high converters (≥40% conversion rate). Among men, the proportion of non-
converters was higher in the youngest than in the two older groups (17% 
versus 7% and 2% in the groups of 36-50 and >50-year-olds, respectively; 
p<0.05); while the percentage of high converters was highest in the oldest age 
group (84% versus 62% and 60% in <36 and 36-50-year-olds, respectively; 
p<0.05). In females, the distribution of subjects over categories non-, low- and 
high converters were similar in all three age groups. The proportion of high 
converters among women younger than 36 was significantly higher than 
among men in the same age-group. 
No statistically significant increase in mean values was found in any group (see 
Figure 1 in Paper I).  

 
5.1.2 Formation of urobilinogens and degradation of tryptic activity 

(Paper II) 

The faecal levels of urobilinogens were significantly higher in men in all age 
groups (1.31, 1.13 and 1.37 versus 1.03, 0.89 and 0.99 mmol/kg faeces in men 
and women, respectively). In 36-50-year-old men, the mean level of 
urobilinogens was significantly lower than for men in the other two age 
groups. Moreover, women in the youngest age-group had significantly higher 
urobilinogen levels than those 36-50 years of age. In addition, men younger 
than 36 years of age demonstrated significantly higher activity than the older 
men. The levels of FTA were higher in men than in the female subjects, 
significantly so in the case of the two younger age groups (192, 105 and 50 
versus 60, 53 and 39 mg/kg faeces in <36-, 36-50- and >50-year-old men and 
women, respectively).  
 
 
5.2 Patients with ulcerative colitis (Paper III) 

No significant differences in MACs were detected in patients with proctitis or 
more extensive UC, subsequently the values for these groups were pooled and 
for comparision to those of gender- and age-matched healthy controls. 
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5.2.1 Conversion of cholesterol to coprostanol  

 The median value in UC patients was 25% (0-69%), which was significantly 
lower than the 50% (35-90%) obtained for the control subjects (p<0.05). 
(Presented in Paper III, Table I and Figure 1a). Twenty-four (57.1%) of the 42 
patients converted less than 40% of their cholesterol to coprostanol and were 
therefore classified as low converters, versus 33.3% (18/42), among the 
healthy subjects (p<0.05) (Table IV). 
 

5.2.2 Formation of urobilinogens (Table V)  

Patients exhibited a median value of 0.3 (0.2-0.6) mmol urobilinogens/kg 
faeces, which was significantly lower than the control value of 1.1 (0.7-1.5) 
mmol/kg faeces. 
 

5.2.3 Degradation of tryptic activity (Table V) 

The median value of 291 (82-487) mg /kg faeces, observed in the patients was 
markedly higher than the control value of 20 (0-104) mg/kg faeces (p<0.001). 
 
 
5.3 Patients with rheumatoid arthritis (Paper IV)  

5.3.1 Conversion of cholesterol to coprostanol (Table IV)  

One of the 21 (4.8%) of the patients not being treated with SASP were low 
converter, while of the 7 of the 21 (33.3%) of healthy subjects fell into this 
category (p<0.05). Three of the 19 (15.8%) patients administrated SASP were 
low converters (p>0.05 versus untreated patients with RA). 

 
5.3.2 Formation of urobilinogens (Table V)  

The median faecal level of urobilinogens for patients not receiving SASP 
treatment was 1.1 (0.6-1.4) mmol/kg faeces, which was significantly higher 
than the corresponding value for those patients taking this drug (0.5 (0.3-0.7) 
mmol/kg faeces). 
 

5.3.3 Degradation of tryptic activity (Table V)  

The median FTA of 21 (0-53) mg/kg faeces observed in patients not on SASP, 
was significantly lower than the corresponding value for patients receiving this 
drug (i.e., 237 (86-394) mg/kg faeces). 
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Table IV. The subject distribution of low and high converters of cholesterol to coprostanol among 
patients with ulcerative colitis taking sulphasalazine (SASP) (I), patients with rheumatoid arthritis who 
were or were not being treated with this drug (II) and healthy age- and sex-matched subjects (controls in 
I and II, respectively). 

Group 
(na) 

Low converters 
(%) 

High converters 
(%) 

Controls in I 
(42) 

33.3 66.7 

Patients with ulcerative colitis given SASP° 
(42) 

57.1# 42.9 

Controls in II 
(21) 

33.3 66.7 

Patients with rheumatoid arthritis not given SASP
(21) 

4.8* 95.2 

Patients with rheumatoid arthritis given SASP 
(19) 

15.8 84.2 

Subjects exhibiting a faecal value for [(coprostanol% = coprostanol/(cholesterol + coprostanol) x 100(%)] 
of < or ≥40% were defined as low and high converters, respectively. 
a = number of subjects 
# = p<0.05 compared to the controls in I 
* = p<0.05, compared to the controls in II 
° = samples pooled from patients with proctitis and more extensive colitis 

 
 
Table V. Faecal levels of urobilinogens and tryptic activity (FTA) among patients with ulcerative colitis 
who were taking sulphasalazine (SASP), patients with rheumatoid arthritis who were or were not being 
treated with this drug (II) and healthy gender- and age-matched subjects (controls I and II, respectively). 
The values presented are medians (25th-75th percentiles). 

Group 
(n a) 

Urobilinogens 
(mmol/kg faeces) 

FTA 
(mg/kg faeces) 

Controls in I 
(42) 

1.1 
(0.7-1.5) 

20 
(0-104) 

Patients with ulcerative colitis given SASP
(42) 

0.3 
(0.2-0.6)¶ 

291 
(82-487)¶ 

Controls in II 
(21) 

1.1 
(0.6-1.3) 

0 
(0-30) 

Patients with rheumatoid arthritis not given 
SASP 
(21) 

1.1 
(0.6-1.4) 

21 
(0-53) 

Patients with rheumatoid given SASP  
(19) 

0.5* 
(0.3-0.7) 

237* 
(86-394) 

a = number of subjects 
¶ = p<0.05 compared to the healthy controls in I 
* = p<0.05 compared to patients with rheumatoid arthritis not taking SASP 
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6 DISCUSSION 

In the present investigation we have established reference values for  three 
MACs - i.e. conversion of cholesterol to coprostanol, levels of urobilinogens 
and FTA – in more than 560 healthy subjects and compared these to the 
corresponding values in patients with UC (Paper III) or RA (Paper IV).  This 
approach is highly suitable for evaluating the sum of the changing and broad 
interactions that occur between the microflora, the intraluminal environment 
and the host including biochemical, immunological and physiological factors. 
The other approaches to such an evaluation described above involve the 
obvious limitations associated with in vitro studies or imposed by the 
complexity of bacterial-host interactions, which restricts the sensitivity and 
specificity of most indirect in vivo tests.  

In this context it is important to emphasize that alterations in MACs 
observed under various conditions may reflect an influence on the host and/or 
the microbial flora. Although MACs can be measured directly, in many cases 
interpretation of these measurements requires an indirect evaluation of the host 
response (as described previously). At the same time, evaluation of MACs can 
provide information about specific bacteria and/or bacterial functions, as well 
as on the specific compartments in the GI tract in which the interactions occur, 
as exemplified by the reduction of cholesterol to coprostanol in caecectomized 
animals [Kellogg 1973]. 
 
 
6.1 Conversion of cholesterol to coprostanol  
6.1.1 Healthy subjects 

Previous studies on humans have revealed that microflora which can reduce 
cholesterol are established in the GI tract during the second half of the first 
year of life [Midtvedt & Midtvedt 1993] and remain essentially stable 
thereafter [Wilkins & Hackman 1974]. Interestingly, breast-feeding appears to 
delay the development of this metabolic function [Midtvedt et al. 1988].  

Among healthy adult individuals the intestinal capacity for degradation of 
cholesterol varies widely [Reddy & Wynder 1973, Reddy et al. 1977, Lipkin et 
al. 1981]. When Wilkins and Hackman [1974] evaluated the converting 
capacity by determining the frequency distribution of the percentage of 
cholesterol metabolised in healthy subjects they found a bimodal distribution, 
in which most people convert a high percentage of intestinal cholesterol to 
coprostanol, whereas others convert much less. Since then, employing arbitrary 
limits between high and low conversion of 40-60%, several other 
investigations have confirmed this bimodal distribution of intestinal 
cholesterol-reducing [Salyers et al. 1977, Lipkin et al. 1981, Korpela & 
Adlercreutz 1985, Midtvedt et al. 1990]. 

In some of these studies, gender and age were also taken into consideration 
[Wilkins and Hackman 1974, Salyers et al. 1977, Korpela & Adlercreutz 
1985], but these factors appeared to exert no significant influence. However, as  
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documented in Table II, Paper I, the largest number of subjects so far presented 
in a single study was 108 [Wilkins and Hackman 1974, Salyers et al. 1977, 
Midtvedt & Frederichsen 1977, Lipkin et al. 1981, Korpela et al. 1984, 
Korpela & Adlercreutz 1985, Midtvedt et al. 1990, Benno et al. 1994].  Thus, 
the large number of subjects involved in our present studies give the results 
considerably more power.  

The simple fact that this function is performed only by a small proportion of 
the intestinal flora may render it especielly vulnerable to alterations in the 
intestinal environment. On the basis of in vitro findings, Sadzikowski and 
coworkers [1977] proposed that the differences in the amount of coprostanol in 
faeces of individuals may be due to different susceptibilities of these 
microorganisms to certain antagonistic intestinal bacteria (the inhibition 
hypothesis). We reported previously that formation of coprostanol in man 
[Midtved & Fredrichsen 1977] as well as in animals [Carlstedt-Duke et al. 
1985, Gustafsson & Norin 1977] is significantly, but temporarily, reduced by 
administration of several antibiotics. However, since no investigation of 
antibiotic susceptibility among coprostanol-forming strains has been carried 
out per se, the observed effects might be due to an effect upon other members 
of the intestinal flora. Interestingly, there are some few observations 
demonstrating a switch from a lower to a higher conversion following 
ingestion of antibiotics [Midtvedt & Frederichsen 1977]. Indirectly these 
observation strengthen the inhibition hypothesis. 

The so-called receptor hypothesis provides an alternative explanation for 
individual differences in faecal levels of coprostanol [Karlsson et al. 1991]. It 
can be assumed that the stable establishment of a non-motile, non-spore-
forming and strictly anaerobic microorganism in relatively low numbers in 
certain intestinal compartments might involve adhesion to the mucosal surface 
via specific receptors. Indeed, it has been postulated that several microbial 
species may require two different types of receptors [Karlsson 1989, Karlsson 
et al. 1991]. According to this proposal the first-step receptors mediate host 
and tissue tropism, but do not establish a stable proximity to the host cell. 
However, a binding to second-step, low-affinity receptor achieves this close 
proximity and, furthermore this binding might be susceptible to inhibition by 
neighbouring structures.  

As described above, formation of coprostanol in infants commences in the 
second half of the first year of life [Midtvedt & Midtvedt 1993] and our 
hypothesis is that genetic factors may be involved, possibly in the form of 
presentation of second-step receptors, which need to be unmasked. Complete 
blockage of the second-step receptors by neighbouring structures or total lack 
of expression of the first-step receptors might explain the existence of non-
converters. The switch from non- to high conversion observed following 
antibiotic therapy (as described previously) could then be due to temporary 
unmasking of second-step receptors. Similarly, antibiotics might eradicate 
microbes capable of unmasking second-step receptors. To date, however, the 
nature of the postulated receptor(s) remains unknown. Moreover, the inhibition 
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and receptor hypotheses are not mutually exclusive but may both be involved, 
simultaneously or under different conditions, as in complex biofilms, 
establishing a stable cholesterol reducing microbiota.  

A key question is why the proportions of non- and low converters are 
reduced in the oldest group of healthy men that we studied. As pointed out, 
little or no converting capacity for intestinal metabolism could be a risk factor 
for morbidity. Over the years attempts have been made to relate the conversion 
of cholesterol to coprostanol to certain forms of intestinal disease. For instance, 
individuals with familial colon polyposis or familial colon cancer have 
elevated faecal cholesterol, with relatively little conversion to coprostanol 
[Lipkin et al. 1981].  In addition to these inherited forms of diseases, the 
incidence of colon cancer varies geographically, being low in Asia, South 
America and Africa and high in areas such as northwestern Europe and North 
America, where dietary intake of animal protein and fat is relatively high 
which is usually referred to as a “Western diet”. In 1971 Hill and Aries 
reported that faecal levels of neutral steroids (including cholesterol) in English 
and Scottish individuals were higher than these observed for Ugandans and 
Indians and, in addition, these faecal steroids were more extensively 
metabolized in the case of the Europeans. 

Two years later Reddy and Wynder [1973] reported that in the faeces of 
individuals living in areas where the incidence of colon cancer is low (Japanese 
and Chinese), a lower percentage of the cholesterol present has been 
metabolized in comparision to Americans. Moreover, in a clinical study in 
1987 Peuchant and coworkers hypothesized that high levels of coprostanol 
exhibit a relationship to malignancy on colon cells. However, the discrepancy 
between the findings in familiar studies and non-familiar form of colon cancer 
remains to be elucidated.  

Additionally, it should be underlined that the results obtained in our study, 
i.e. a high conversion rate of cholesterol to coprostanol  in elderly healthy men, 
do not support the assumption that coprostanol is a primary risk factor for 
development of colon cancer. 

In addition to being such a risk factor for colon cancer, it has been proposed 
that easy reabsorption of unmetabolized cholesterol might influence circulating 
levels of this steroid. Indeed, the serum level of cholesterol in GF rats is higher 
than in their conventional counterparts fed the same diet [Danielsson & 
Gustafsson 1959] and, moreover, oral administration of cholesterol-reducing 
bacteria to GF mice reduces their serum level of cholesterol [Li et al. 1998]. 
From a functional point of view, conversion of cholesterol to coprostanol by 
the intestinal flora can be looked upon as a sharp “microbial intestinal knife”, 
influencing the normal enterohepatic circulation of cholesterol and 
consequently the risk for developing artheriosclerotic disease [Midtvedt 1987]. 
In the one clinical investigation designed to examine this possibility, no 
correlation  between the extent of intestinal metabolism of cholesterol and 
levels of serum cholesterol could be demonstrated, but only five subjects were 
involved  [Korpela et al. 1984]. 
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Our present findings provide no support for a continous increase in the 
extent of conversion of cholesterol to coprostanol with increasing age. 
Therefore, in agreement with others (as described previously), we conclude 
that once established this microbial function is essentially stable by time. 
However, if a non- or low intestinal conversion of cholesterol to coprostanol is 
a morbidity factor, individuals with such conversion may be selectively 
excluded from the healthy population with increasing age, and this may have 
influenced our findings. 
 
 
6.1.2    Patients with ulcerative colitis 

Irrespective of whether the conversion of cholesterol to coprostanol was 
expressed as the median values for all patients (Paper III, Figure 1a, Table II) 
or divided into groups with different converting capacities (Papers I, Table I; 
Paper IV, Table II), we found that patients with UC exhibit significantly less 
formation of coprostanol. This reduction was unrelated to the limited or more 
wide-spread localization of the disease and our patients demonstrated no 
evidence of an ongoing inflammation, or clinically detectable disturbances in 
intestinal motility or any other changes that might facilitate bacterial 
overgrowth. Together, these observations indicate that the cholesterol-reducing 
capacity of the intestinal flora in UC patients is reduced. This conclusion is in 
agreement with Reddy and coworkers [1977], who found that patients with UC 
excrete higher amounts of neutral sterols (including cholesterol), but relatively 
less coprostanol. These authors stated that their patients were not receiving 
antibiotic treatment, but did not specify whether or not they were taking SASP. 
 
 
6.1.3    Patients with rheumatoid arthritis 

In comparision to gender- and age- matched control subjects, significantly 
more of the patients with RA who were not receiving SASP treatment were 
high converters indicating that the numbers and/or location of these patients´ 
coprostanol-producing microbes differs from that of the normal population. 
Interestingly, fragments of the cell-wall of anaerobic Gram-positive rods, 
among others Eubacterium lentum (i.e., a species known to be involved in 
formation of coprostanol) - isolated from the human intestine, have 
peptidoglycan that can induce severe and chronic arthritis in rats [Hazenberg et 
al. 1992].  Since antibodies to the faecal peptidoglycan-polysaccharide 
complexes have been detected in the serum of the patients with RA, the 
immune system of these patients must have experienced contact with the 
peptidoglycan-polysaccharide molecule. Furthermore, such fragments are 
present on macrophages in the spleen of patients, indicating clearly that they 
can pass through the intestinal wall [Hazenberg et al. 1992].  These findings fit 
with our own results.  
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6.2 Formation of urobilinogens 
6.2.1 Healthy subjects 

All of our subjects excreted urobilinogens, indicating that this MAC reflects a 
basic host- flora interaction. The significant gender differences observed in this 
respect within all age groups could reflect several different and partially 
counteracting factors: 1) In general, the total numbers of erythrocytes are lower 
in females [Fairbanks et al. 1996], which results in less biliary excretion of 
bilirubin. 2) The longer intestinal transit time demonstrated by women [Meier 
et al. 1995] may allow more extensive microbial transformation of bilirubin to 
urobilinogens. 3) Higher faecal mass in men tends to lower the levels of 
compounds present [Hill 1971]. 
 
 

6.2.2 Patients with ulcerative colitis 

Irrespective of how widespread the disease was, patients with UC excreted 
significantly lower amounts of urobilinogens, demonstrating alterations in this 
particular metabolic interaction between the intestinal flora and the host.  For 
further discussion, see under headline “Influence of SASP and NSAIDs” 
below. 
 

6.2.3 Patients with rheumatoid arthritis 

In contrast, the excretion of urobilinogens by patients with RA not receiving 
SASP treatment was similar to that of healthy individuals, indicating a lack of 
any major change in this function of the intestinal flora in this group of 
patients. For further discussion, see under headline   “Influence of SASP and 
NSAIDs” below. 
 
 
6.3 Degradation of tryptic activity   

 
6.3.1 Healthy subjects 

As mentioned previously, FTA is the net sum of complex interactions between 
pancreatic trypsinogen and host/diet/microbially-derived activators and 
inactivators. In principle, a relatively high intake of protein in combination 
with unaltered colonic transit time and unchanged production of PSTI could 
result in an elevated level of FTA. Unfortunately, in the present investigation 
the dietary profiles of our subjects were not evaluated routinely. However, 
dietary surveys in all of the three countries involved revealed that at all ages 
men ingest larger quantities of protein than do women [Riksmaten 1997-98, 
Norkost 1999, The Scottish health survey 1998]. FTA has previously been 
examined in healthy individuals consuming a Western diet, with pronounced 
interindividual variations [Norin et al. 1988]. In addition, GF rats and mice 
exhibit high levels of FTA, whereas the corresponding level in their 
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conventional counterparts is consistently zero [Norin et al. 1986a, Norin et al. 
1986b]. 

Moreover, in general men secrete higher levels of pancreatic enzymes [Gaia 
et al. 1984] and in both sexes this secretion decline with increasing age 
[Laugier et al. 1991]. However, in neither of these studies was trypsin 
determined specifically. In addition, the colonic transit time in females of all 
ages is longer than males of the same age [Meier et al. 1995]. Together, these 
factors may explain for the gender differences observed here.  
 

6.3.2 Patients with ulcerative colitis 

Significantly elevated levels of FTA demonstrated by patients with UC reflect 
disturbances in the metabolic activity of their intestinal flora.  

The procedure commonly employed for the assay of tryptic activity also 
measures the activity of tryptase, another serine protease. Interestingly, this 
latter enzyme is stored exclusively in the secretory granules of mast cells and, 
furthermore, the number of mast cells in the intestinal mucosa of patients with 
UC and active inflammation is elevated markedly and a significant increase in 
the secretion of tryptase from the mucosa of these patients has been reported 
[Raithel et al. 2001]. However, none of our patients exhibited any signs of 
active intestinal inflammation indicating that there were probably no 
alterations in tryptase activity, which might have influenced our findings.  
 
 

6.3.3 Patients with rheumatoid arthritis 

Our observations that the FTA values of patients with RA were similar to those 
of healthy control individuals indicates that there are no major alterations in the 
capacity of the intestinal flora in such patients to degrade trypsin. 
 
 
 
6.4 The influence of environmental factors on MACs 

6.4.1 Diet 

The influence of diet on the capacity to reduce cholesterol capacity has been 
the subject of considerable debate. Early studies by Wells and Cooper [1958] 
and Kellogg and Wostmann [1966] indicated that a diet containing large 
amounts of carbohydrates that are incompletely absorbed may suppress the 
formation of coprostanol. This conclusion is supported by the observation that 
in gnotobiotic rats colonized by a coprostanol-producing microflora, 
replacement of dietary starch by lactose reduces the number of these 
microorganisms, with a consequent reduction of more than 70% in coprostanol 
production [Eyssen & Parmentier 1974].  Dietary surveys from the three 
countries involved in our investigations [The Scottish health survey 1998, 
Norkost 1999, Riksmaten 2002] reveal both that young men consume more 
milk than older men and that men in general consume more milk than women. 
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Determination of whether such gender- and/or age- related differences in  
dietary intake of lactose may account, at least in part, for the differences 
observed here in the transformation of cholesterol to coprostanol is beyond the 
scope of the present study.  

The fact that vegetarians and omnivores exhibit the same pattern of  
conversion of cholesterol to coprostanol strongly indicates that the level of 
dietary intake of fiber does not influence  this microbial function [Korpela & 
Adlercreutz 1985, Norin et al. 1998]. Moreover, reevaluation of the data 
reported by Reddy and coworkers [1992] supports the conclusion that diet has 
little, if any impact, on this conversion. However, as already mentioned, we 
have no specific dietary records for our subjects.  

A dietary trial in which 53 patients with RA either fasted or consumed a 
vegan/vegetarian diet revealed significant changes in the intestinal flora of 
those patients who demonstrated clinical improvement [Peltonen et al. 1994], 
but no differences in the formation of coprostanol and degradation of FTA 
(unpublished data). 
 
 

6.4.2 Influence of SASP and NSAIDs  

For ethical reasons, we could not evaluate the influence of SASP treatment of 
UC patients on their MAC variables (Paper III). In the case of patients with RA 
(Paper IV), treatment with this drug tended to reduce coprostanol formation, as 
well as to significantly decrease inactivation of FTA and formation of 
urobilinogens. Moreover, the proportion of low converters of cholesterol to 
coprostanol among our patients with UC and taking SASP, was significantly 
greater than in the control group. Indirectly, it might be reasonable to assume 
that the observed alterations in our MACs in patients with UC are influenced 
by the SASP treatment.  

A variety of mechanisms may underlie such alterations caused by this drug. 
SP, the sulphonamide moiety of the SASP molecule, is a well known 
antibacterial drug and it has been claimed, although never satisfactorily proven, 
that this antibacterial effect is responsible for the anti-rheumatic activity of the 
drug [Pullar et al. 1985, Neumann et al. 1987]. However, it is noteworthy in 
this context that SP rapidly evokes microbial resistance [Hazenberg et al. 1982] 
and, in addition, does not affect the spectrum of microflora observed in 
connection with routine microbiological analysis [Cooke 1969]. Thus, it seems 
reasonable to assume that the long-term anti-rheumatic activity of SASP is not 
due to an effect of the flora, but are related to effect(s) on host functions. As 
shown above, SASP given to patients with RA cause a significant inhibition of 
two MACs, i.e. bilirubin and FTA as well as a reduction of the formation of 
coprostanol.         

It is well known that SP cause a potent inhibition of human carbonic 
anhydrases [Supuran 2008] present in the wall of the human intestine [Parkkila 
et al. 1994]. This inhibition increases the flux of Na+ and Cl- into the intestinal 
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lumen, while also decreasing the intracolonic pH, thereby altering the local 
mucosal micro-climate and the conditions for the surface related intestinal 
microflora.   

At the same time, administration of SASP leads to the formation of high 
concentrations of 5-ASA, an iron chelator, [Grisham et al. 1992], in the lumen 
of the colon [Azad Khan & Truelove 1982]. Intraluminal binding of iron by 5-
ASA may inhibit the growth and metabolism of intestinal bacteria, thereby 
contributing to the alterations in MAC parameters observed in patients 
receiving SASP. 

Yet another possibility involves the ability of SASP to scavange free 
radicals [Verspaget et al. 1991] and influence the local micro-climate in this 
respect as well. However since the patients with RA demonstrated  no 
intestinal inflammation and those with UC were in remission, it appears 
unlikely that the alterations in MAC functions observed here are due to 
changes in the levels of free radicals.  

Similar reasoning indicates that the reduction in the faecal content of 
urobilinogens is probably also a consequence of alterations in the intestinal 
micro-climate. It should be noted that hemolysis is a well-known side-effect 
caused by the SP moiety of SASP [van Hees et al. 1978] and a significant 
degree of hemolysis in our patients receiving this drug should have produced 
elevated levels of bilirubin for further conversion to urobilinogens. Since 
faecal levels of these metabolites are actually lower in these patients, we 
conclude that in this context the major effect of SASP on the host is inhibition 
of the conversion of bilirubin to urobilinogens.  

 The high levels of FTA present in patients with UC receiving SASP might 
not be due to a direct effect on the microflora, but rather, to alterations in the 
intestinal micro-climate or be due to alterations in the amount of PSTI. In this 
context, Playford and coworkers [1995] found, compared to normal subjects, 
reduced levels of mucosal PSTI in affected segments of the colon in patients 
with active or quiescent UC.  

Additionally, Mukherjee and coworkers [2009] have found that antibacterial 
proteins produced in the intestinal mucosa and secreted into the lumen are 
activated by trypsin. These proteins (HIP/PAP = hepatointestinal 
pancreatic/pancreatitis-associated proteins) are bactericidal at low micromolar 
concentrations for Gram-positive bacteria and their expression are up-regulated 
in patients with IBD. In this context it is worth noting that intracolonic 
administration of trypsin to conventional mice can cause mucosal 
inflammation [Yoshida et al. 2006], whereas the high amounts of trypsin, 
normally found in the intestines in GF mice, do not give rise to any 
inflammation.   

Taken together, the high levels of FTA in patients with UC might be due to 
an absence of trypsin degrading microbes, or an influence of  SASP as 
supported by our data in patients with RA, or might be due to reduced 
production of PSTI, either taking place in the pancreatic gland or the intestinal 
tract. 
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For ethical reasons, a proper control group, i.e. patients not receiving SASP 

has not been evaluated, and the data from our UC patients with proctitis make 
a local influence of PSTI clearly uncertain.  

Thus, the relative contributions of these factors remain unanswered. 
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7 SUMMARY AND CONCLUSIONS 
 
In the present investigation we have established and evaluated reliable 
reference values for three Microflora-Associated Characteristics (MACs) - i.e., 
conversion of cholesterol to coprostanol, formation of urobilinogens and 
presence of Faecal Tryptic Activity (FTA) – in what is the largest study on 
these parameters to be reported to date. Men and women and different age 
groups, (i.e. < 36, 36 - 50 and > 50 years old) were analyzed separately and 
compared. Furthermore, these same three MACs were also examined in 
patients suffering from Ulcerative Colitis (UC) or Rheumatoid Arthritis (RA).  
 
Conversion of cholesterol to coprostanol in 633 healthy subjects 
For purposes of classification, these subjects were divided into non-, low and 
high converters, with conversion rates of < 5%, 5-<40% and ≥40%, 
respectively. 

In general, in men the percentage of individuals belonging to the groups 
non- and low converters was reduced by age, whereas the women of all ages 
exhibited similar levels of conversion. Moreover, the proportion of high 
converters among women younger than 36 was significantly higher than 
among men in the same age group. One possible explanation for these findings 
might be that males with non- and low converting capacity in the oldest age 
group are lost in this cohort of healthy subjects. However, to rule out whether 
the converting capacity of cholesterol to coprostanol is a morbidity factor 
requires further long-term studies.  
 
Formation of urobilinogens in 562 healthy subjects 
In general, in 36-50-year-old men the level was lower compared with the two 
other age groups of the same gender. In the case of women, the highest 
corresponding values were observed in the youngest age group. In all three age 
groups the levels were higher in men. 

These gender differences probably reflect at least three gender-related 
factors: erythrocytes turn over more slowly in women (resulting in less biliary 
excretion of bilirubin); women exhibit a longer intestinal transit time (thereby 
allowing more extensive microbial degradation); while the lower faecal mass 
in women tends to increase the concentration of urobilinogens, thus 
counteracting the first two of these factors. 

Bilirubin and its urobilinogen metabolites provide an interesting endogenous 
model for xenobiotics which also undergo enterohepatic circulation.  In this 
context, the reference values documented here might be useful in predicting the 
excretion of foreign compounds in relationship to gender and age. 
 
Degradation of tryptic activity in 573 healthy subjects  
In general, the mean levels were highest in the youngest group of men and 
decreased in the two older age groups, significantly so between men younger 
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than 36 years of age and the group of men of 36-50 years of age. The 
corresponding value for women was also highest in the youngest group, but in 
this case none of the differences between age groups was statistically 
significant. At all ages, men had higher mean values than women, significantly 
higher in the case of the two younger age groups.  

The alterations described here reflect numerous complex interactions 
between the flora, host and exogenous factors, including higher intake of 
protein and greater secretion of pancreatic enzymes by younger individuals of 
both sexes and by men in comparison to women of the same age. The slower 
colonic transit exhibited by women may also have exerted an influence on our 
findings. 

FTA is probably an important regulator of the intestinal flora by its 
activation of secreted antibacterial proteins. The clinical relevance of our 
findings in patients with inflammatory bowel syndrome should be explored in 
greater details. 
 
Examination of these same MACs in two different groups of patients 
 
Patients suffering from UC;  
Regardless of the extent to which their disease had spread, patients with UC 
demonstrated significantly less formation of coprostanol, decreased levels of 
urobilinogens, elevated levels of FTA in comparison to healthy subjects. Since 
it was impossible for ethical reasons to assess the influence of 
SalicylAzoSulphaPyridine (SASP; sulphasalazine) on these patients, 
individuals suffering from RA and receiving or not receiving treatment with 
SASP were also examined.  
 
Patients suffering from RA;  
Among those patients with RA who were not being treated with SASP the 
proportion exhibiting high conversion of cholesterol to coprostanol was higher 
than among the healthy control subjects; but, at the same time, there were no 
differences in the levels of urobilinogens and FTA. 

Treatment with SASP tended to be associated with a reduction in the 
formation of coprostanol, along with a pronounced decrease in the faecal 
content of urobilinogens and an increase in FTA in comparison to the patients 
to whom this drug was not being administrated. Thus, it seems reasonable to 
assume that the alterations observed in our patients with UC were also induced 
by treatment with SASP, which appears to exert a general influence on the 
cross-talk between different types of microbes and between microbes and the 
host that is going on continuously in the gastrointestinal tract.  

From these findings we draw the following conclusions: 
i. patients with RA have elevated levels of coprostanol formation, 
ii. SASP treatment induces inhibition of all three MACs. 
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