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ABSTRACT 

Oxidative stress and plasma antioxidant vitaminl mineral concentrations were 

measured in thirty-seven Crohn's disease (CD) patients and wmpared to a group of 

thirty-seven healthy subjects (HC) who were matched for age. sex and body mass 

index (BMI). In CD patients, disease activity was measured (CDAI) and was 141.2 * 
18.7 (range 9.0-514). Of these patients, 30% had a CDAl 2 150, indicative of active 

Croh n's disease. Lipid peroxidation . measured by breath pentane output, breath 

ethane output. and plasma F2-isoprostane, was significantly higher in CD compared to 

healthy subjects. Several plasma antioxidant vitamins were found to be significantly 

reduced in CD patients campared to HC: ascorbic acid, a- and wrotene,  and the 

carotenoids. The results confimi our hypothesis that patients with CD are oxidatively 

stressed even though 70Y0 of them had inactive disease, with a CDAl s 150. 
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1 .O INTRODUCTION 

Crohn's disease (CD) is a chronic inflammatory bowel disease of unknown etiology, 

characterked by recurrent acute inflammatory attacks and remissions that can occur 

anywhere within the gastrointestinal tract Wii in the first year after successful 

treatrnent of an acute episode of CD, 60 to 80% of patients may have a relapse 

(Malchow 1984). During these recurrent inflammatory attacks. a cascade of 

immunologic events have been described at the intestinal level and recently, 

increasing attention has focussed on the role of readve oxygen species (ROS) 

produced by adiwated neutrophils. These molecules are highly reactive and can attack 

almost every cell cornponent, causing further damage in sumunding tissues. Several 

reports (Venpaget 1988. Burdelski 1990, Kokoszka 1993, Ondrub 1993) suggest that 

patients with CD have increased production of ROS or oxidative stress. Because ROS 

are produced during normal aerobic metabolism and because their production can be 

increased dramatically during inflammation, cells and tissues have developed a 

sophisticated anti-oxidant defense system which includes the presence, in adequate 

amounts, of antioxidant enzymes and vitamins. lhere is some evidence that in patients 

with CD, there is an irnbalance between the overproducüon of ROS within the inflamed 

intestinal mucosa (Buffington 1995) and alterations in circulating antioxidant defenses, 

possi bl y related to ongoing oxidative stress (Hoffen berg 1 997). 

The purpose of this study was to assess the level of oxidative stress, through 

measures of lipid peroxidation (breath ethane and pentane, and plasma F2- 

isoprostane) along with plasma antioxidant levels in a population of CD patients and 

compare the results to age and gender matched healthy control (HC) subjects. 

Correlation between oxidative stress and disease activity, using the Crohn's Disease 

Activity Index (CDAI), plasma orosomuwid (alpha-1-acid glycoprotein), and C-reactive 

protein will be penormed in the CD subjects. This study is unique in that it is the first 

tirne that parameters of lipid peroxidation and antioxidant defenses will be studied in 

the same population of CD patients. The resuits of this study will be hypothesis 

generating, enabling a more in-depth study of oxidative stress, antioxidants, and the 



impact of nutritional intake in patients with inflammatory bowel disease (IBD). 

2.0 REVIEW OF THE LITERATURE 

2.1 Pathogenesis of Crohn's Disease (CD) 

At present the pathogenesis of Crohn's disease is not clearfy understood, however, 

curent theories suggest a mulü-factorial etiology, which includes genetic susceptibility. 

alterations in immune function, and environmental factors. The folbwing sequence of 

events might occur in CD: infection by a pathogen or exposure to microbial or 

environmental toxins induces tissue injury and increases mucosal permeability leading 

to secondary invasion by endogenous luminal baderia and enhanced uptake of 

bacterial components. The subsequent inflammatory reaction is serlimited in the 

normal host, as a result of appropriate downiegulation of the immune response, 

leading to resolution of inflammation, healing and no residual damage. However, in the 

genetically susceptible host, there is an inappropriate amplification of the immune 

response that leads to chronic intestinal inflammation (Sartor 1995). The chronic 

inflammatory response is the result of intestinal immune and non-immune systems. 

The cell mediated immune response induces effector T-cells and activates 

macrophages, neutrophils, and other leukocytes, whereas the humoral immune 

response stimulates 8 4 1 s  to produce antibodies (Fiocchi 1998). Thmugh the 

secretion of soluble mediators and the expression of cell adhesion molecules, immune 

and non-immune cells exchange signals, resulang in further cell activation and 

amplification of the production of antibodies, cytokines, growth factors, eicosanoids, 

neuropeptides. ROS, nitnc oxide (NO). and proteolytic enzymes, culminating in 

inflammation and tissue damage (Fiocchi 1998). Figum 2.1. 

The production of reactive oxygen species (ROS) by inflamed tissue. peripheral blood 

monocytes, and isolated intestinal macrophages, which is increased in IBD (Mahida 

1989, Williams 1990, Simmonds 1992. Simmonds and Rampton 1993) is the focus of 

our research. 
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2.2 Oxidative Stress 

During acute intestinal inflammation, either in ulcemtive colitis (UC) or CD, there is an 

intense flux of neutrophils out of the circulation, into the inflamed mucosa and the 

intestinal lumen (Saveryrnuttu 1985). Large amounts of toxic ROS are then released 

from the phagocyüc leucocytes and a prooxidative imbalance is created by this 

overprod uction of ROS and is temed 'oxidative stress' (Harris 4 992, Klebanoff 1 992). 

Figure 2.2. 

2.2.1 Evidence for Oxidative Stress (ROS) 

The small and large bowel have the enzymatic milieu necessary to produce high levels 

of RGS and chlorinated oxidants. Oxidases in resident phagocyüc cells, micro-vascular 

endothelium, and mucosal epithelium appear to be major sources of ROS in the bowel 

(Grisham 1988). There is direct evidence that epithelial cell injury secondary to ROS 

has been detected in active disease (McKenzie 1996). As well, increased mucosal 

production of ROS related to disease actiiity has been shown in colorectal biopsy 

specimens (Ahnfeit-Ronne, 1990, Simmonds 1992, Keshavarzian 1992) and in 

stimulated mucosal phagocytes (Williams 1990) from patients with inflammatory bowel 

disease (IBD) compared with contmls. Keshavarzian et al (1992) and Simmonds et al 

(1 992) have demonstrated with chemiluminescence that the inflamed colons from 

humans or from animals with experimental colitis produce much larger amounts of 

ROS than control or uninvolved colons. In addition, Oshitani et al (1993), using the 

histochemical localisation of superoxide production via the redudion of nitro-blue 

tetrazolium, reported that vascular endothelial cells and invading monocytes in patients 

with UC produce greater amounts of superoxide than those in the intestines of the 

control group. Direct evidence of in vivo oxidative injury to colon epithelial crypt cells, 

from inflamed mucosa of IBD patients has been reporteci (McKenzie 1996). Low values 

of trypsin inhibitor (Playford IWO), superoxide dismutase, metalothionein (Mulder 

1991 ) and glutathione (Inauen 1988) along with low levels of circulating superoxide 

dismutase (Verspaget 1 988) and glutathione peroxidase (Burdelski 1990) are al1 

evidence supporting the activity of ROS in patients with IBO. Furthemiore, increased 
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Figun 2.2 Intestinal Inflammation in Crohn's Disease 



lipid peroxidation, an index of oxidative stress measured by breath pentane analysis, 

has also been documented in IBD (Kokoszka i993). Breath pentane analysis has 

been shown to correlate with IBD activrty in animals (Ondrula 1993) and in humans 

(Kokoszka 1 993). 

2.2.2 Sources of ROS 

There are two sources of ROS production in the gut. Firstiy, phagocytes are prominent 

in the mucosa of patients with active IBD and can produce ROS via both the 

respiratory burst and prostaglandin and leukotriene metabolism (Williams 1990, Blake 

1987). Secondly, xanthine oxidase, which produces superoxide, is formed from 

xanthine dehydrogenase during ischemia-reperfusion injury (Parks 1 983). This may 

also be a route of ROS production in CD if mu& focal gastrointestinal infardion does 

indeed contribute to its pathogenesis (Wakefield 1 989). The focus of this thesis will be 

the production of ROS by activated phagocytes. Figura 2.2. 

Leukotrienes are shown to be synthesized by activated granulocytes (Ford-Hutchinson 

1984) and mucosal mast cells (Heavey 1988). In patients with IBD, elevated levels of 

leukotnene 84 (LTB4) are seen in the intestinal mucosa (Sharon 1984, Lauritsen 

1986) and it is well known that LTB4 is a potent chemotactic agent for neutrophils 

(Ford-Hutchinson 1984. Samuelsson 1983). Pro-inflammatory agents such as 

leukotriene 64 ( L W )  interact with specific recepton on the plasma membrane of the 

phagocyte, activating the plasmamembrane-associated NADPH oxidase (Klebanoff 

1992). The result is the production and release of large amounts of superoxide and 

hydrogen peroxide as well as oxidants derived via myeloperoxidase, such as 

hypochlorous acid, and N-chloramines. 

Another mechanism by which reactive radicals may be generated at sites of 

inflammation is by the interaction betwaen superoxide and the freeradical nitric oxide, 

to produce peroxy-nitrite (Beckman 1990). Active episodes of colonic inflammation in 

humans or animal models of IBD are associated with enhanced nitric oxide production 



(Boughton-Smith 1993, Grisham 1994). Nitric oude, or metabolites derived from it may 

have an important role in mediating some of the lesions of experimental IBD (Grisham 

1994). 

It is well recognized that patients wiVi CD are more of€en smokers than controls (Tobin 

1987) while those with UC tenûed to be non-smokers (Harries 1982). This lead to the 

proposal that cigarette smoking had a protediva effective in UC but was not protedive 

with regard to CD. There is now evidence that smoking can have profound 

consequences on intestinal physiology. In addition to an effect on colonic mucus, 

intestinal pemeability, rectal blood flow. immunoglobulin secretion, and prostaglandin 

production (Cope 1992). cigarette smoking can produœ an excessive generaüon of 

free radicals and impair the antioxidant defense system. In fact. cigarette srnoke is a 

n'ch source of ftee radicals or ROS (Pryor 1987)- It has been shown that the 

neutrophils of srnokers have a greater capacity for ROS generaüon (Kalra 1991 ). 

Conversely, antioxidant defenses are reduced in srnokers, with decreased senim and 

leucocyte concentrations of vitamin C, uric acid, and beta-carotene (Kaliner 1981, 

Stryker 1988). 

2.2.3 Efkcts of ROS 

ROS (Le. superoxide anion, hydroxyl radical, hydrogen peroxide) can attack bases in 

nucleic acids, amino acid side chains in proteins, and the double bonds on 

polyunsaturated fatty acids (PUFA) (Iipid peroxidation). thereby wmpromising cell 

integnty and function. In addition. superoxide and hydrogen peroxide increase mucosal 

and vascular pemeability and are involved in the recnritment and activation of 

neutrophils (Grisham 1988). They may promote neutrophil adherence indirectly by 

inactivation of nitnc oxide (McCall 1989. Gryglewski 1986), which has been shown to 

inhibit neutrophil adhesion to the endothelium. Superoxide and hydrogen peroxide are 

also precursors of the damaging hydroxyl radical and hypochlorite, via the action of 

myelo peroxidase, released b y activated neutrophils. The hydmxyl radical can attack 

and damage alrnost every molecule found in living cells, including proteins. 



carbohydrates, lipids, and D M .  Hypochkrite is a powenul oxidant that may react 

directly against membrane associated targets or, indiredly by forming less reactive 

chloramines that may diffuse acmss the membrane and attack cytosolic cornponents 

(Weiss 1989). In addition to direct effecfs, neutrophilderived oxidants may damage the 

epithelium and mucosal intenüüum indirectly by aitering the proteasel anti-protease 

balance in the intestinal intersütium (Weiss 1989). Figum 2.3. 

2.3 Antioxidant Definse System 

Because ROS are produced dunng normal aerobic metabolism and because this 

production may be increased dramatically during inflammation. cells and tissues have 

developed an extensive array of protecüve enzymatic and nonenzymatic antioxidants 

that will decompose these potentially injurious oxidising agents (Halliwell and 

Gutteridge 1989, 1999).Table 2.1. The main lines of defense in the body include the 

following: the prevention of the formation of free radicalsl ROS by the reduction of 

oxygen by the mitochondrial cytochrome oxidase system (Halliwell and 

Gutteridge 1 989, 1 999) and the removal of precursors of the hydroxyl radical, 

superoxide radical and hydrogen peroxide, b y the enzymatic antioxidants, SOD, 

catalase, and peroxidases (Gutteridge and Halliwell 1994). The nonenzymatic 

antioxidants, vitamins such as retinol, alpha-and beta-carotene, the carotenoids - beta- 

cryptoxanthin, lutein and zeaxanthin, and lycopene (Halliwell and Gutteridge 1999). as 

well as the tocopherols, ascorbic acid, and the thiols are also important components of 

defense (Gutteridge and Halliwell 1994, Halliwell and Gutteridge 1 999 ). Sebnium, 

which is located at the active sites of glutathione peroxidase and enables the activity of 

this enzyme, as well as zinc, which is a cofactor of many enzyme systems within the 

body, including Cu, Zn-SOD, are crucial to the maintenance of activity of key 

enzymatic antioxidants (Gutteridge and Halliwell 1994). The body requires an 

adequate intake of trace minerals such as copper, manganese, selenium, and zinc, as 

well as, the presence of adequate levels of vitamins E, C, A, and beta-carotene in the 

cytoplasm and Iipid membrane of the cells to provide adequate antioxidant defenses 

(Halliwell and Gutteridge 1989, Gutteridge and Halliwell 1994). 





Table 2.1 E u m p l r  of Antioxidanb 

Nonanzymatic antioxidana 

Water-solu ble 

Ascorbic acid (vitamin C) 

Glutathione 

U rate 

Bilirubin 

Lipid-solu ble 

Alp ha-tocop herol 

Alpha-, beta-carotene 

Lycopene 

Zeaxanthin 

Ubiquinol-1 O 

Selenium 

Zinc 

Peroxidases : 

Glutathione peroxidase (GSH-Px) 

Superoxide dismutase (SOD) 

Catalase 

NADPH 



During inflamrnatory reactions, these antioxidants can degrade oxidants that escape 

phagocytic cells, thereby limiting injury to the surrounding tissue until the inflarnmatory 

response is down-regulated (Gn'sham 1994). However, sustained production of ROS, 

as during chronic inflammation, may overwhelm the antioxidant mechanisms and 

damage the tissue oxidatively (Grisharn 1994). 

2.4 Antioxidant Status in CD 

Studies on plasma vitamin status in patients with IBD have found that plasma 

concentrations of vitamin A, C, E, and beta-carotene are decreased with 40050% of 

patients at risk of developing hypa-vitaminosis (Abad-Lacruz 1988, Fernandez- 

Banares 1989). Recently, a study in 53 patients showed that during active disease 

(CDAI > 150), the levels of several antioxidants such as carotenoids, vitamins A, El 

and glutathione peroxidase were lower compared to patients in remission (DIOdorico 

1996). Another study looked at the possible relationship between colonic disease 

activity in UC patients and serum antioxidant levels. Levels of vitamin E were 

significantly lower in UC when compared to healthy controls. however, there was no 

difference between groups for levels of vitamin C or serum total antioxidant activity 

(Ragunath 1996). In another 13 patients (Kuroki 1994), serum concentrations of 

vitamin E were significantly lower in the patients with CD when wmpared to controls 

but there was no correlation between CDAI and levels of vitamin E. Small sample size 

may have confounded the results. Decreased vitamin E levels in CD was also found by 

Femandez-Banares et al (1 989). In a study involving paediatric patients with CD 

(Hoffenberg 1997) plasma ascorbic acid levels were found to be decreased, but 

plasma vitamin E levels were not decreased compared to a contml population. A 

recent study by Geerling et al (1 998) indicated that there was a statistically significant 

decrease in plasma beta-carotene, ascorbic acid. alpha-tocopheml, selenium, zinc and 

glutathione peroxidase in CD patients compared to a control population. 

2.5 Effects of Antioxidants 

2.5.1 Animal Expewiments 



Keshavarzian et a1 (1 990, t 992) demonstrated that intraperitoneal injections of 

superoxide dismutase (bound to polyethylene glycol), catalase, or non-specific 

antioxidants modestly, but significantly, lessen the injury and inflammation produced by 

intra-rectal acetic acid , as judged by semiquantitative histolog ical inspection in an 

animal model. Oral vitamin E supplementation, a potent oxygen radical scavenger, has 

also been reported to significantly reduce mucosal damage in an exparimental model 

of colitis (Blummenstein 1994). Using the human carcinoma cell line, Cam-2, Bawe et 

al (1 995) have demonstrated that in addition to 5-aminosalicylate (5-ASA), vitamin E 

inhibited interleukin-1 ( IL I )  mediated nuclear factor (NM) activation. Nfk6, an 

oxidative stress-sensitive transcription factor, regulates expression of specific genes, 

active in inflammation, including cytokines such as IL1 . IL*, and TNF-alpha (Baeuerle 

1988,1991). 

2.5.2 Human Studies 

In an uncontrolled phase II trial, Emerit et al (1 989) reported that intramuscular 

injections of bovine copperl zinc superoxide dismutase attenuated inflammation and 

mucosal injury in 26 patients with severe CD. In another small study, 9 patients with 

ulcerative colitis (UC) were given oral antioxidants (beta-carotene 1500 units, 

ascorbate 540 mg, alpha-tocopherol270 units, selenium 600 pg, and methionine 500 

mg) daily for 2 weeks, continuing to 8 weeks i f  there was a positive clinical response. 

lmprovement in stool frequency, rectal bleeding, sigmoidoscopic score and plasma 

malondialdehyde (MDA) levels, was obsewed. However, no benefit was seen in 

histology nor in mucosal ROS production, measured by cherniluminessence (Millar 

1995). These findings suggest that oxidative stress is present in IBD and some 

antioxidants may have beneficial effects on disease activity. 

2.6 Effects of Medications 

Key medications used in the treatment of CD include those with strong anti- 

inflammatory properties, antimicrobial effects, and those with immunosuppressive 

characteristics. Some of these medications have also been found to have free radical 



scaveng ing properties. 

5-aminosalicylate (5ASA) is mmmonly used to treat acute infiammatory attacks of CD. 

Inhibition of the synthesis of the potent inflammatory mediators. leukotriene 84 ( L W )  

and 5-h yd roxyeicosatetraenoic acid (IHETE) was initially fek to be the primary anti- 

inflammatory effect of 5-ASA ( Neilson 1 987). however, the ftee radical scavenging 

activity of 5-ASA, with an activity comparable to other biological antioxidants (Ahnfelt- 

Ronne 1 990) was recognized. Observations by Grisham et al (1 989,1994) suggest 

that the potent antioxidant and free radical scavenging properties of SASA are more 

significant than the attenuation of gut infiammation by 5-ASA. through the inhibition of 

leukotriene synthesis. As well. mesalamine has been found to inhibit the iron- 

catalysed, hydroxy-radical mediated degradation of deoxyribose by chelating iron 

(Yamada 1990) and prevents L-cysteine oxidation by chlorinated oxidants (Tamai 

1991). 

Corticosteroids prevent or suppress inflammation. Administration of a dose of steroids 

results in a decline in the number of circulating lymphocytes as well as a redistribution 

of monocytes. which fudher results in a decrease in the number of macrophages found 

in inflamed tissue. Steroids also inhibit the movement of neutrophils out of the 

circulation by preventing the adherence of neutrophils to the postcapillary venule 

endothelium (Stenson 1995). The inhibition of neutrophil and monocyte migration out 

of the circulation and into the intestinal tissue may be the most impoitant component of 

the therapeutic efficacy of corticosteroids in IBD (Stenson 1995). These effects may 

reduce the production of free radicals. 

Broad-spectrum antibiotics play a role in the management of the suppurative 

complications of CD and in the management of diarrhea caused by an overgrowth of 

bacteria. However. broad-spectrum antibiotics are also wmmonly used in the 

ma nagement of uncom plicated CD (Stenson 1 995). Beta-lactam antibiotics (Ca rree r 

1998) and cephalosporins (LaPenna 1995) have been found to have scavenging 



activity against HOCI-driven oxidative injury. Another antibiotic, metronidazole is 

commonly used in the CD population, particularly in those with colonic disease andl or 

pekanal disease. It's mechanism of acüon is unclear: immunological or anti- 

inflammatory properties need to be further studied (Stenson 1995). 

Therefon, in acute and chronic intestinal inflammation, ROS production is 

increased and may contribute signiticantly to the development of tissue injury- 

Recent small open trials perfonned on humans suggest that antioxidant 

supplementation may decrease ROS production and improve some of the 

inflammatory indices in IBD. As well, some of the medications used to treat IBD 

may further contribute to a decrease in ROS production. In addition, the 

antioxidant defense system is weakened. 

2.7 Methodological Factors 

2.7.1 Measurement of Lipid Peroxidation 

lnterest in the role of free radicals in the pathogenesis of human disease has resulted 

in the development of a variety of techniques to measure free radicals and free radical 

reactions within the body. Direct detection of ROS in human tissue is not usually 

feasible due to the extreme reactivity, short half-Ife, and low concentration of ROS 

(Slater 1984). Measurement of free radical reactions in vivo is nomally done in 

available blood, urine, or breath sampfes. As a result, the study of free radical activity 

in humans is usually done by indirect methods, measuring the end-products of free 

radical reactions within body cell components such as Iipids, proteins, and DNA, and 

measured in a body fluid or breath sorne distance from the area where the damage 

occurred ( Holley 1993, Pryor 1991. Slater 1984). 

Lipid peroxidation is most commonly used to prove the involvement of free radicals in 

cell damage within the body. It is a complex process whereby polyunsaturated fatty 

acid (PUFA) side chains in the phospolipids of cellular membranes undergo reaction 

with an oxygen free radical to yield a wide range of produds including lipid hydro- 



peroxides, conjugated dienes, and malondialdehyde (Slater 1984). Peroxidation 

muses damage to membrane lipids and proteins as well as depletion of anüoxidants. 

The chain reacüon mechanism is initiated by the abstraction of a hydrogen atom from 

a PUFA side chain; oxidation occurs at the first double bond after the methyl group. A 

cornplex sequence of propagative reactions occur dunng which further hydrogen 

atoms are continually abstracted with the uitimate production of alkanes such as 

pentane from omega-6-PUFA (Evans 1967) and ethane from omega-3 PUFA (Holley 

1993. Gutteridge and Halliwell 1994, Slater 1984) These gases are released into the 

circulation and passed from the lungs into the expired breath, where they have been 

measured in animal studies (Dumelin 1977), and humans (Lemoyne 1987). 

Several methods exist for the evaluation of lipid peroxidation within the body. No single 

method is adequate by itseif as an accurate index of the whole process of lipid 

peroxidation. so it is therefore important to use several methods to evaluate the resuits 

collectively. For example, breath alkane measures (ethane and pentane), plasma lipid 

peroxides and malondialdehyde are the usual parameters measured ( Halliwell and 

Gutteridge 1 989. Halliwell 1 993). Plasma and urine F,-isoprostanes are more recent 

accepted measures of Iipid peroxidation (Morrow 1 994, 1 996). 

For this study. lipid peroxidation was evaluated through the measurement of breath 

alkanes (ethane and pentane) and plasma F,-isoprostanes, al1 end-products of the 

process of lipid peroxidation. Figure 2.4. 

2.7.1 .f Breath Alkane Measures 

Earîy evidence that volatile hydrocarbons anse from the peroxidation of PUFA was 

documented in the work of Evans et al, (1 967, 1969). The reaction of oxygen with fatty 

acid radicals, produced by the peroxidation of PUFA, was found to produce peroxyt 

radicals, and ultimately pentane (Sanders 1975). 

Breath pentane anses from the peroxidation of omegadPUFA (linoleic acid) while 
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breath ethane anses from the peroxidation of omega-3-PUFA (linolenic acid) (Dillard 

1977, Halliwell 1993). The measurernent of volatile hydrocarbons from the exhaled 

breath provides a non-invasive means of assessing lipid peroxidation which is easy to 

do and applicable to in vivo experiments (Dillard 1977). 

Animal studies have provideci support to the concept that breath pentane and/ or 

ethane output are good indices of lipid peroxidation. Viiamin E and selenium deficiency 

were found to increase breath ethane (Hafeman 1977), whife breath pentane was 

found to be inversely proportional to the log of dietary vitamin E concentration, 

providing evidence of the antioxidant role of vitamin E (Downey 1977). Ethanol 

induced Iipid peroxidation has been studied throug h the measurement of breath 

pentane in rats fed diets that were supplemented or deficient in vitamin E (Litov 1977, 

1981, 1981). Breath pentane levels were found to be higher in rats that were on 

vitamin E deficient diets (Litov 1977, 1981 ). 

Concem about the possible metabolism of ethane and pentane was reported in early 

Iiterature relating to the use of breath measures as parameters of lipid peroxidation. 

The pulmonary excretion rates of ethane and pentane were assumed to reflect 

formation rates. presuming that these hydrocarbons were meta bolically inert 

(Lawrence i 984, Riely 1974). Follow-up study of pentane indicated that it was 

metabolized (Frank 1980), and dependent upon the liver for clearance (Burk 1983). 

The metabolic fate of ethane within the body was felt to be unclear (Lawrence 1982). 

Van Rij and Wade (1 987) found that the low molecular weight hydrocarbons. ethane 

and pentane, are metabolized in man, probably by the hepatic mono-oxygenase 

system. Ethane metabolism is relatively slow in man. hence the endogenous 

production of ethane due to in vivo lipid peroxidation, would be expected to differ from 

that of pentane, which is metabolized quickly, resulting in different respiratory excretion 

(Van Rij 1987). 

Eariy hurnan studies of lipid peroxidation using breath hydrocarbons were initially 



difficult to undertake as subjects were breathing room air with variable concentrations 

of the key alkanes, which interfered with the sensitivity and accuracy of measures. 

(Dillard 1 978, Hernpel 1980). Standardization of a method for accurately measuring 

breath alkanes in humans has been documented and reproduced since 1987 

(Lemoyne 1987). Follow-up testing of breath samples have been found to be 

repmducible when repeated at an interval of up to 10 days on the same subjects, but 

analysis of breath samples was advised to be completed within 24 houn as the 

concentration of pentane increases in the collection bag if stored for longer than 24 

hours (Lemoyne 1987). Subsequent unpublished data from our lab has indicated that 

pentane and ethane levels remain stable in Tedlar collection bags for up to 48 hours 

(personal communication with J.P. Allard). 

The influence of feeding on breath pentane has been studied in patients receiving total 

parenteral nutrition (TPN) and also, after fasting and refeeding with an oral intake of 

759 glucose or 50g fat (McGee 1985). Feeding and fasting were not found to influence 

breath pentane levels. 

An increase in PUFA intake (using a lipid emulsion infusion) has been found to be 

associated with an increase in lipid peroxidation as measured by breath pentane, and 

an added need for vitamin E (Van Gossum 1988). Breath pentane has been found to 

be strongly influenced by vitamin E status, with a good negative correlation between 

BPO and plasma vitamin E levels. In fact, ten days supplementation with vitamin E 

(1000 mg1 day) has been found to significantly reduce breath pentane (Van Gossum 

1988). The increase in lipid peroxidation observed may be due to an increase in 

substrate (PUFA) for peroxidation, or it may be due to pentane trapped in the emulsion 

despite the presence of alpha-tocopherol in the lipid bottles (Van Gossum 1988). 

Oxidatively stressed cigarette smokers have also been studied and increased lipid 

peroxidation was observed, as measured by breath pentane output. compared to non- 

smoking volunteers (Hoshino 1990). After 2 weeks of supplementation with vitamin E 



(800 mg1 day), breath pentane output was reduced in these smkers, and 4 weeks 

after discontinuation of vitamin E, pentane levels again rose (Hoshino 1990). 

In preliminary studies completed in our laboratory, breath alkane output was measured 

in a group of non-smoking patients with Crohnts disease (CDAI 145528, range 28- 

296). Higher levels of pentane output were observed in the CD population when 

compared with healthy controls, (1 1.621.7 vs 5.8s.5 pmoVkglmin, pc0.05). These 

levels are in the same range as those observed in oxidatively stressed srnokers 

(9.1 21.4 pmoUkg1min). Preliminary measures in our lab of lipid peroxides and 

malondialdehyde (MDA) done on CD patients and compared to a control population 

reveal the following: lipid peroxides (19.52 f 3.56 vs 4.02 t 0.40, p< 0.005) and MDA 

(0.58 2 0.08 vs 0.22 I 0.03, pc 0.0005). These preliminary data along with previous 

studies (Kokoszka 1993) provide additional support for the suggestion that increased 

lipid peroxidation is occumng in the CD patient. 

2.7.1.2 Plasma Measures of F24sopnwtanes 

The F2-isoprostanes are biologically active prostaglandin F2-(PGFZ>like compounds 

produced nonenzymatically in vivo, independent of the cyclooxygenase enzyme, by 

the free radical catalysed peroxidation of arachidonic acid, present in human plasma 

(Momw 1990). It had previously been thought that cyclooxygenase was obligatory for 

the formation of prostaglandins in vivo (Morrow 1990). 

F2-isoprostanes are stable molecules that can be detected esterified to lipids in al1 

body tissues and in free form in biological fluids such as plasma and urine (Awad 

1996). Levels of F24soprostanes have been shown to increase in models of oxidative 

stress, and to be suppressed by the addition of antioxidants (Monow 1997). Levels 

have been found to be increased in animals deficient in natural antioxidants, even 

without irnposing additional oxidant stress (Awad 1994). Measurement of F2- 

isoprostane has been shown to have biological acüvity, and is valuable in assessing 
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lipid peroxidation both in vitro and in vivo, as one parameter of oxidative stress (Awad 

1996). Figure 2.5. 

2.7.1.3 Clinical Factors Inflmncing Mersurement of Lipid Peroxidation 

The evaluation of lipid broxidation using breath alkane measures can be influencecl 

by a nurnber of factors, resulting in potential sources of error with this method. The 

body produces low levels of alkanes in breath (Le. picornoles), whereas alkanes exist 

in high concentration in the surrounding environment (Van Rij 1987). It is important that 

residual hydrocarbons in the lungs be adequately washed out with hydrocarbon frae 

air before measures are taken, and that breath samples not be contaminated with 

ambient air (Jeejeebhoy 1991). This is achieved by the use of an impermeable 

material for the Tedlar collection bag, which prevents the entry of ambient air, and 

through adequate washing of the collection bags with hydrocarbon-free air (Lemoyne 

1987). The site of hydrocarbon production within the body can alter the proportion 

exhaled, for example lipid peroxidation in the lung , as might occur with an inflammatory 

condition in that organ, can potentially give higher values wmpared to lipid 

peroxidation elsewhere in the body (Jeejeebhoy 1991 ). Considering this potential 

source of error, healthy subjects should be excluded from participation in the study if 

there was a history or evidence of a viral or bacterial infection, or an inflammatory 

disorder. When interpreting the results of the respiratory clearance of ethane and 

pentane the metabolism of these inert gases must be considered. These low molecular 

weight hydrocarbons are probably metabolised via the hepatic mono-oxygenase 

system and by conversion to the corresponding alwhol and aldehyde, with pentane 

being the rnost susceptible (Van Rij 1987). Considering the risk of changes in the 

metabolic clearance of breath alkanes al1 study participants should be excluded if liver 

disease is present. Envimnmental factors such as smoking will increase breath alkane 

levels (Hoshino et al, 1990) so al1 smokers need to be excluded from participation in 

the study. Exercise has been found to increase levels of breath alkanes (Kanter 1993). 

so study participants should not have exercised prior to breath collection. 



The dietary intake of PUFA will influence breath alkane levels (Kivits 1981). and the 

intake of antioxidant supplements will also infiuenœ the measurement of lipid 

peroxidation (Allard 1998). Study subjects need to follow a diet regimen that does net 

provide a rich source of PUFA and they need to be off al1 supplemental sources of 

antioxidant vitamins and minerals for a minimum of two weeks (Hoshino 1990). 

2.7.2 Measurement of Antioxidants 

There are a number of antioxidants which are produced within the body or consumed 

in the diet that are used to scavenge 'free radicals'f ROS produced under aerobic 

conditions. The antioxidants circulating within the body provide a balance to the body's 

production of free rad icals. thereby Iimiting lipid peroxidation under normal 

circumstances. Table 2.1. 

2.7.2.1 Plasma Vitamins 

Ascorbic acid (vitamin C) is fett to be the most important water-soluble antioxidant in 

the prevention of lipid peroxidation (Frei 1988, 1989). Plasma ascorbic acid seives as 

the index for the biochemical evaluation of vitamin C status, (Omaye 1979) and is 

present as the enolic fom of an a-ketolactone. The endiol groups at the second and 

third carbon atoms are sensitive to oxidation and c m  easily be converted into L- 

dehydro-ascorbic acid. which can be readily air-oxidized to other biologically inactive 

substances. There are several methods for determining ascorbic acid, however. most 

methods can be classified into two major groups: the detenination of the 'reduced' 

form or the detemination of the 'oxidized' f o m  of ascorbic acid. (Omaye 1979). 

The detemination of the 'reduced' fonn of ascorbic acid is based upon it's oxidation- 

reduction properties. and is widely used as the hindamental reaction in the 

measurement of vitamin C. The detemination of the 'oxidized' form of ascorbic acid is 

based on the formation of a hydrazone or a fluorophor. Plasma is quickly stabilized 

with either trichloroacetic acid or metaphosphoric acid then either analyzed 

immediately or deep frozen at -70' C. (Omaye 1979). The assay for ascorbic acid in 



this research project was a detemination of the oxidized form. according to the details 

outlined in section 5.5.1. 

Tocopherol is the major fat soluble antioxidant, responsible for proteding the PUFA 

side chains, within cell membranes, against lipid peroxidation (Liebler 1993), as part of 

the overall antioxidant defense system detailed in section 2.3 of this manuscript. 

There are many substances in nature found to have vitamin E activity: da,  d-P, d-y, 

and d-&tocopherols, and d u ,  d-P. d-y, and da-tocotrienols, however. the most 

effective fom found in membranes is da-tocopherol, which is better absohed from 

the gut and retained in body tissues, making it the most effective tocopherol 

antioxidant overall (Gutteridge and Halliwell 1994). Alpha-tocopherol (d-a-tocopherol) 

acts as an in vivo antioxidant (Tappel 1962) protecting tissue lipids from free radical 

attack by organic peroxyl radicals. Towpherols inhibit lipid peroxidation of tissue lipids 

because they scavenge lipid peroxyl radicals before these radicals can react with fatty 

acid side chains or with membrane proteins (Gutteridge and Halliwell 1994). In blood 

plasma (Burton 1982) and in red blood cells (Burton 1983) confirmation of the role of 

alpha-tocopherol, as the major lipid soluble antioxidant, has been documented. The 

antioxidant pro parties of alpha-tocopherol are associated with the redox properties of 

the chromane ring in its chernical structure (Sies, H. 1995). 

A variety of chrornatographic and spectroscopic methods have been employed to 

analyse alpha-tocopherol. The most sensitive of these involve reverse-phase high- 

performance Iiquid chromatography (HPLC) with electrochemical or fluorescence 

detection (Sheppard 1993). The assay for this research project involved an HPLC 

method detailed in section 5.4.1 of this manuscript. 

Carotenoids are a group of coloured pigments (usually yellow, red, or orange) that are 

widespread in plant tissues (Halliwell and Gutteridge 1999). Carotenoids include the 

following compounds: alpha- and beta-carotene, lycopene, betacryptoxanthin, lutein + 

zeaxanthin. They are well known as precursors of vitamin A, or retinol. Plasma and 



tissue levels of carotenoid Vary widely with the diet The absorption of dietary 

carotenoids tends to be incomplete, dependent on how the food has been processed, 

what food mixtures have been eaten, and as well, individual variation in the absorption 

of caroteinoids (Halliwell and Gutteridge 1999). 

In vitro studies indicate that carotenoids inhibit the peroxidation of simple lipid systems 

at low oxygen concentrations. All carotenoids. but particularly lycopene, are known to 

be powerful scavengers of singlet oxygen ('O,), which foms during lipid peroxidation 

(Di Mascio 1989). As well. carotenoids along with retinol have been shown to 

potentially scavenge a variety of free radicals in vitro (Everett 1996, Liebler 1996, 

Halliwell and Gutteridge 1999). 

Carotenoids in cell membranes could be capable of reacting with radicals (Palozza 

1998, Halliwell and Gutteridge 1999). Whether surrounding PUFA and protein 

membranes would be protected by the various carotenoid-radical reactions probably 

depends upon the reactivities of the carotenoid radicals as well as the concentration of 

oxygen (Palozza 1 998, Halliwell and Gutteridge 1999). 

Dietary carotene has been found to inhibit oxidative susceptibility as measured by 

plasma SOD activity in healthy volunteen (Dixon 1994) and lipid peroxidation, 

assessed by breath pentane, was found to be significantly reduced by daily 

supplementation with beta-carotene in a healthy volunteer population (Gottlieb 1993), 

or smokers (Allard 1994). 

2.7.2.2 Plasma Antioxidant Enzymes 

The first Iine of antioxidant defense within the body cells is provided by enzymes, the 

superoxide dismutases (SOD), catalase, and the peroxidases, which work together to 

decrease oxidative stress within the body. (Gutteridge and Halliwell 1994). 

The metals bound to superoxide dismutase catalyse the readion of two superoxide 



molecules with hydrogen ions, to fonn hydrogen peroxide and oxygen. 

Catalase and the peroxidase enzymes then a d  on the hydrogen peroxide produced by 

superoxide dismutases, and degrade it to molecules that eliminate any risk of oxidative 

damage. (Guttaridge and Halliwell 1994). 

Peroxidases are enzymes that use hydrogen peroxide to oxidize a substrate. In human 

tissues glutathione peroxidase (GSH-Px) is the major enzyme that removes hydrogen 

peroxide at a high rate by using it to oxidize the substrate, reduced glutathione into 

oxidized glutathione. 

Human blood contains a plasma-specific glutathione peroxidase (pl-GSH-PX) in 

addition to Se-GSH-P x in erythrocytes (Maddipati 1987, Takahashi 1 987). Plasma 

GSH-Px was the enzymatic antioxidant measured in this study. A kit was used (Oxis 

International. Inc., Oregon, USA), which was an Elisa assay method which measured 

the presence of GSH-Px, rather than the enzyme activity of GSH-Px. 

2.7.2.3 Plasma Zinc 

Zinc (Zn) is essential for the fundion of several enzymes within the body, induding 

wpper (Cu) and (Zn)SOD. In fact, Zn hetps to maintain enzyme structure within SOD 

proteins. It has a fixed valency of 2 (it forms only Zn 2+ ions), so zinc salts cannot 

prornote free radical damage (Gutteridge and Halliwell 1994). Laboratory experiments 

have suggested an antioxidant action for zinc because it can bind to biological 

molecules to block the binding of iron and copper and so protect them against 

oxidative damage mediated by these two metals. It also appean to be necessary for 

the proper functioning of the immune system, and is thought to 'stabilize' membranes 

in some undefined way (Gutteridge and Halliwell 1994, Halliwell and Gutteridge 1999). 

Geerling et al (1 998) found that selenium and glutathione peroxidase as well as zinc, 

were decreased in CD patients compared to a control population. Studies done in ouf 



laboratory, on the HIV population, have also indicated that plasma selenium is 

depleted in this oxidatively stressed population, cornpared to a control population 

(Alla rd 1 998). 

2.7.2.4 Ctinical Factors Influencing the Measurement of Antioxidants 

The evaluation of plasma antioxidants is influenced by a number of factors which 

include one's overall state of nutrition, the intake of vitamins and minerals from food 

sources in the diet, as well as the intake of vitamin and mineral supplements. In 

addition, a variety of herbal supplements now comrnercially available may be 

additional sources of antioxidant vitamins/ minerals. Trace elements such as zinc, 

manganese, wpper, and selenium are important CO-factors lin ked to key antioxidant 

enzymes. Dietary deficiencies will have a significant influence on antioxidant defenses. 

The overall state of nutrition of study participants should be documented and al1 

vitamin, rnineral, and herbal supplements should be discontinued before doing study 

measures to minimize sources of error. 

2.7.3 Measurement of Crohn's Disease Activity 

Oxidative stress may be influenced by the degree of intestinal inflammation, therefore 

we felt that it was important to determine whether there was a correlation between 

inflammatory indices and lipid peroxidation and/ or antioxidant defences in the CD 

population studied. The most frequently used indices of inflammation in CD are 

orosomucoid (alpha-1 -acid glycoprotein), C-reactive protein, and the Crohn's Disease 

Activity Index (CDAI), which are the three measures we studied. Figure 2.6. 

Most disease indices combine varying degrees of objective and subjective 

measurements to enable the derivation of a set of figures which best describe the level 

of disease activity in an individual. Measurements include clinical symptoms, 

laboratory tests, histology, radiology, endoscopie grade, clinical examination, and 

general well-being (Spence 1997). 
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Crohn's disease has a variable clinical picture, and in some individuals inflammatory 

activity and symptomatology do not correlate well (Hodgson 1982). The assessment of 

disease activity is fumer complicated by symptoms that resuft from previous surgical 

intervention, and the difficulty in sconng for complications such as stndures and 

fistulae (Spence 1997). As well, location of disease, small bowel (SB) venus colonic 

versus ileo-colonic. may impact on the scoring of disease activity (Spence 1997). 

A number of numeric disease activity indices have been developed because of a lack 

of a 'gold standard' determination of Crohn's disease activity. The Crohn's Disease 

Activity Index (CDAI), which was developed for use in the United States National Co- 

operative Crohn's Disease Study (NCCDS), is the most widely used of these indices 

(Best 1976, Best 1979). 

2.7.3.1 Crohn's Disease Activity Index (CDAI) 

The CDAl was developed in a preliminary study to ensure a uniform approach to the 

measurement of disease adivity in a number of centres participating in therapeutic 

clinical trials. 

Accurate calculation of the CDAl requires completion of a 7-day patient diary and the 

calculation of eight variables. Total CDAI scores Vary from negative values to over 600 

(See Appendix for examples of the diary and calculation sheets). The generally 

accepted definition of disease remission is a CDAI of < 150. 

The CDAl was initially validated against the physicians global score, as descnbed 

above. Validation of the CDAl as a reliable tool in large clinical trials of drug therapy for 

active disease in Crohn's patients has occurred in North America and Europe 

(Summers 1979. Ursing 1982, Malchow 1984). 

2.7.3.2 CDAI: Methodological Considerations 

The CDAl is a subjective description of one's sense of well being. In fact. 40% of the 



index is derived from subjective criteria such as pain and well-being, while no objective 

measurements of inflammation are documented, in a disease which is by definition 

inflammatory in nature (Andre 1981). Because of the subjective nature of the index, 

there is a risk of inter-observer variation when evaluating disease activity. 

The index has been criticized for being a measure of illness rather than disease 

activity, for its emphasis on the physician's global assessrnent as the independent 

variable, for being too cumbersome by requiring 7 days of symptom recording, and for 

requiring a haematocrit, which is known to be a poor measure of disease acüvity 

(Kjeldsen 1993). There is also a concem about the reliability of patient documentation 

of information in the 7-day diary as it is time-mnsuming. 

2.7.3.3 CDAI: Factors lnfluencing 

The CDAl is influenced by pharrnacological therapy, such as the use of prednisone, 5- 

ASA. and antibiotics, and as a result it has been used as an index of drug efficacy in a 

number of trials (Summers 1979, Ursing 1982. Malchow 1984, Prantera 1996. 

Sutherland 1991). 

The CDAl is also influenced by nutritional intervention. The index is used as a marker 

of therapeutic benefit from enteral nutrition (EN) in clinical trials done on patients with 

active disease, Le. CDAl > 150. Nutritional therapy is administered for a period of time 

and if found to be effective. there will be a significant decrease in CDAI. with a 

concomitant improvement in nutritional status. Several studies have been pubfished in 

which CDAl has been used as a measure of the effectiveness of enteral nutrition 

therapy. A controlled trial evaluating bowel rest and nutrition support in the 

management of active CD monitored CDAl levels (Greenberg 1988). Lochs et al, 

(1991) also used CDAl to monitor the effectiveness of enteral nutrition venus drug 

therapy, as did Malchow et al, (1990), and Rigaud et al, (1991). 

Since CDAl is an index of inflammation and may be influenced by nutritional 



intervention, one of the goals of our study was to detennine if there was any 

correlation between CDAI and oxidative stress as well as micro-nutrients, which are 

part of the antioxidant defense system. 

2.7.3.4 Acute Phase Proteins 

The acute phase response within the body, which is characterized by fever, malaise, 

anorexia, leukocytosis and negative nitrogen balance. involves many immunological 

and infiammatory processes, as well as changes in the function of many organ 

systems. During the acute phase response the increased hepatic synthesis of acute 

phase proteins, results in two to fourfold rises in a-1-acid glycoprotein (orosomucoid) 

and rises of up to 100-fold or more in the concentration of C-reactive protein (CRP). 

Their production is regulated by projnflammatory cytokines, such as interîeukins, IL4 

and IL-6, produced in sites of inflammation (Hodgson 1997). Orosomucoid and C- 

reactive protein have been found to provide an objective method of evaluating Crohn's 

disease activity. which complements the CDAI (Lashner 1995). 

2.7.3.5 Acute Phase Proteins: Methodological Considerations 

Under ideal circumstances, laboratory marken should distinguish patients wÏth IBD 

from other individuals, both when the disease is active and when quiescent, define and 

quantify inflammatory activity. indicate remission, and give eariy waming of relapse. To 

date no single laboratory marker is capable of achieving al1 of these goals, and even 

using a panel of markers these ideals cannot be reached (Hodgson 1997). Current 

laboratory markers are not specific in refiecting the presence of inflammation in the 

gut. Their value is as part of the total assessrnent of the patient, and they need to be 

taken in wnjunction with history and examination, as well as radiological, endoscopic 

and other information (Hodgson 1997). The adivity of Crohn's disease has been found 

to be accurately refiected by the level of the acute phase proteins, orosomucoid, 

sedimentation rate (ESR), and C-reactive protein, al1 of which correlate significantly 

with status. Figure 2.6. These acute phase proteins are superior to haematocrit, which 

has not been found to correlate with clinical status (Andre 1981). 



2.7.3.6 Acute Phase Proteins: Factors Infiinncing 

The acute phase proteins, like the CDAI, have been found to be influenced by 

p harmacological treatment (Ursing 1 982. Sutherland 1 991 ). 

The acute phase proteins are also influenced by nutritional intervention. Orosornucoid 

levels were found to decrease when malnoufished CD patients were fed an oral 

proteinl energy supplement in addition to the usual diet intake (Hames et al 1983). 

Several enteral nutrition studies in CD patients have used eiîher orosomucoid or C- 

reactive protein to provide objective evidence of the impact of nutrition therapy on 

disease activity (Alun Jones 1987, Giaffer 1990, Raouf 1991, Gonzalez-Huix 1993). 

Therefore, in acute and ohronic intestinal inflammation, ROB production is 

increased and may contribute significantly to the development of tissue injury. 

Recent studies peiformed on humans suggest that them is a reduction in the 

levels of enzymatic and non+nzymatic antioxidants in IBD patients compared to 

a control population. This imbalance between ROS and antioxidants may 

produce ongoing oxidative stress which can contribute to further intestinal 

inflammation. The purpose of this study was to document oxidative stress, using 

measures of lipid peroxidation and antioxidant defsnses, in the CD population 

compared to healthy controls. Sub-group analysis of CD patients with. active 

and inactive disease, enabled the cornparison of lipid peroxidation and 

antioxidant defenses in the two groups of CD patients. 

3.0 HYPOTHESIS 

Patients with Crohn's disease (CD) are more oxidatively stressed and have lower 

levels of plasma antioxidant vitaminsl minerals compared to a healthy wntrol 

population. 



4.0 STUOY ORJEClWES 

The primary objectives of this study were to: 

1 to determine if there was an increase in oxidative stress by measuring indices of 

lipid peroxidation such as: breath alkane levels (ethane and pentane) and plasma 

F2-isoprostane; and, 

2. to detemine if the antioxidant defense system was aitered, by measuring plasma 

levels of the antioxidant enzyme: glutathione peroxidase, and the non-enzyrnatic 

antioxidants: vitamins C and E, beta-carotene, carotenoids, as welf as zinc- 

The secondary objective was to compare the level of oxidative stress with disease 

activity, using the acute phase proteins: orosomucoid (alpha-1-acid glycoprotein) and 

C-reactive proteins levels, as well as measurement of Crohn's Disease Activity lndex 

(CDAI), in the CD population. 

5.0 STUDY DESIGN 

This was a cross-sectional or prevalence study. Patients with Crohn's disease were 

compared to a healthy population who are matched for age, sex and Body Mass lndex 

(BMI). 

Subjeds were incfuded in the study who were: non-pregnant, non-smoken, were off al1 

antioxidants such as vitamins, trace elements, and iron for a minimum of two weeks 

before the study period, were free of known liver disease, and were able and willing to 

give inforrned consent. Control subjects shared the same inclusion criteria but were 

also required to be in good health. free of viral or bactenal infection, with no history of 

an inflammatory disorder, and not using any anti-inflammatory medications such as 

cortiwsteroids, ASA, or non-stemidal anti-inflammatory agents. CD patients were 

excluded from the study if abdominal abscess, bowel obstruction, or active 

gastrointestinal b l e d  was present, or if diagnosed with short bowel syndrome (greater 

than i 50 cm small bowel resected). 



5.1 Study Population 

Patients who participateci in the study were aged 18 years or older with an established 

diagnosis of Crohn's disease (CD). Referrals were from Mount Sinai Hospital, Toronto 

General Hospital, and from gastroentemlogists in the greater Toronto area. Patients 

were referred to the GI research dietitian, who verified their eligibility. discussed the 

purpose of the study and obtained informed consent. A copy of the consent fom was 

given to the patient. m i l e  a second copy was kept in the patient file. This study was 

conducted in accordance with and on the approval of the Human Ethics Committees of 

hospitais participating. 

HeaMhy volunteers were selected from the local population, including hospital workers 

and students. The healthy wntrol population was matched for age, sex, and BMI. 

Recruitment was at least 2 weeks prior to having breath and blood measures taken. to 

enable the discontinuation of any vitamin/ mineral preparations that might intenere with 

the study and also to modify the diet intake to control the intake of polyunsaturated 

fatty acids (PUFA). An outline of the purpose, goals and inclusion/ exclusion criteria, 

along with information on how to control the intake of PUFA, to match advice given to 

the CD patient population, were given to al1 potential subjects at the time of 

recruitrnent. Height and weight as well as breath measures and blood were obtained 

on the same clinic visit, and a consent fom was signed by al1 participants. 

5.2 Study Procedures 

5.2.1 Screening Telephone Call 

Eligibility criteria were reviewed; patients on antbxidant vitamins/ minerals were asked 

to discontinue these preparations for two weeks before the chic appointment. 

5.2.2 Screening Visit 

Demographic information was recorded; nutritional status was evaluated using a 

measurement of body mass index (BMI). All patients were instructed in the method of 

recording a symptom diary to measure CDAI. and advised on how to control dietary 



intake of PUFA ( see Appendix). A limited physical examination was completed at this 

visit. 

5.2.3 Followup Clinic Vis* (2 weeks after screening visit) 

Measurement of breath alkanes (ethane and pentane) was completed at this visit. 

Blood was taken to evalwte CBC, Greactive protein and orosomucoid (alpha-1-acid 

glycoprotein), plasma F24soprostane. the antioxidant enzyme: glutathione peroxidase, 

and plasma antioxidant vitamins: vitamins C and E, beta-carotene, carotenoids, and 

zinc. Disease symptom diaries were completed and reviewed at this appointment. 

5.2.4 Treatrnent of Plasma Samples 

Blood was drawn by veni-puncture from al1 subjeds for analysis of plasma F2- 

isoprostane (B-epi-prostaglandin-F2a) (8-EPI), carotenes, a- and y-tocopherol, and 

ascorbic acid, which were drawn in EDTA-containing tubes; glutathione peroxidase, 

and zinc were collected in tubes which were free of EDTA. CD patients had additional 

blood taken for the assessment of CBC and acute phase proteins, measured by 

recognized standards in the laboratory of Toronto General Hospital. 

Blood obtained for the measurement of Iipid pemxidation and antioxidants was 

promptly centrifuged at 2400 rpm for 10 minutes (Hettich Universal 16 centrifuge); the 

plasma was separated and stored in a frozen state at -70°C until analysis. Plasma for 

ascorbic acid assays was stabilized immediately with 1OOg HPO, (MPA)/ L, (0.75 ml 

plasma plus 0.75 ml 10% HPO,) and mixed well before deep freezing. 

5.3 Measurement of Lipid Peroxidation 

Lipid peroxidation was measured in this study using breath alkanes (ethane and 

pentane) and plasma F2-isoprostanes. 

5.3.1 Description of Measurement of Breath Alkanes 

The breath alkanes of signifmnce in this study were ethane and pentane, both of 



which are abundantly available in the environment. Great care must be taken to avoid 

potential contamination of breath masures/ samples from environmental factors such 

as ambient air which is rich in hydrocarbons. The measurement of breath alkanes in 

our lab is according to the method of Lemoyne et al, (1987). which is detailed bekw. 

5.3.1.1 Breath Collection 

Breath alkane was collected by having each subject breathe for 6 minutes through a 

cardboard mouth piece conneded by a three-way Rudolph valve from a Tedlar bag 

(Aerovironment. Monrovia, CA) containing hydrocarbon-free air (HCFA) (< 0.1 ppm 

total hydrocarbons expressed as methane (Air Ultra-Zero, Praxair). The exhaled air 

was discardeci, thus the initial atmospheric air with its hydrocarbon content was flushed 

from the lungs. During the succeeding 2.0 minutes, while HCFA continued to be 

inspired, expired air was collected into a second Tedlar bag (also attached to the 3- 

way Rudolph valve) for alkane measurement. The volume of air collected was 

recorded by a Medishield spirometer attached to the output portion of the Rudolph 

valve. Throug hout the 6 minutes the nose was closed by a clip. After analysis of the 

expired breath by gas chromatography (GC) both bags were evacuated and rinsed 

three times with HCFA before being re-used. The rïnsing procedure with HCFA 

occurred shortly before use. 

5.3.1.2 Breath Analysis for Alkanes 

The analysis for alkanes was performed on a Shimadzu GC 14A gas-solid 

chromatograph (Mandel Scientific Company Limited, Guelph, Ontario). set at range 4 

and sensitivity I O 4  and equipped with a flame ionization detector (FID). A stainless 

steel U-shaped loop (0.2 cm ID X 23.4 cm), packed with 0.2 activated alumina (80 - 
100 mesh) held in place by glass wod, was attached to a Valco six-way port. When 

cooled, the alumina adsorbed the low level alkanes in a sample, allowing them to be 

concentrated before their injection into the dumn. Hydrocarbon-free nitmgen was 

used as a carrier gas at a flow of 20 ml/ min. Before entering the chromatograph. the 

nitrogen carrier gas passed through a cartridge of desiccating agent Drierite@, (W A 



Hammond Drierite Co., Xenia, OH) and a carbon dioxide absorber (Carbosoib A-, 

British Drug Houses, Toronto, ON, Canada), both - 8 mesh. Pentane and ethane were 

analysed in a column filled with PorasiCû@ (Chmmatographic Specialitias Inc., 

Canada) in a stainless steel coi1 (118 inch ID X 8 feet) held isothennally at 600C with a 

calibration curves derived from known concentrations of ethane and pentane (1 ppm 

ethane; 1 ppm pentane. Praxair). One Rame of the double FID was used, at 200°C, 

with hydrogen at a flow rate of 30 ml/ min (0.5 kg/ cm2) and medical compressecl air at 

a flow rate of 0.8 U min (0.8 kg1 c d )  for maximum sensiavity. To maximize the 

effkiency of the technique, this column was condiüoned at regular intervals by bringing 

the temperature up to 200% for 12 to 14 houn. Finally, the output of the FID was led 

to a recorder (Shimadzu CR 501 Chmmatopac, Mandel Scientific Company, Ltd.). Wth 

a sensitivity of 1 mV full scale and paper speed 12 mm/ minute. The peak height was 

measured for ethane and pentane. 

5.3.1 -3 Details of Breath Analysis 

5.3.1.3.1 Cleaning of Loop and Column 

Before a breath sample was injected, the alurnina loop and the Porasil-D@ colurnn 

were cleaned. First the loop was cooled to -95OC (measured) for 1 minute in a slurry 

(2:1, 2-ethanol:l-propanol, in liquid nitrogen). Then the loop was warmed with a heat 

gun to 200°C for 1 minute. During the warming, the six-way port was opened for 12 

minutes to clear residual gases from the loop and the chromatographie column. These 

steps were repeated twice. After the cleaning steps descnbed, 50 ml of HCFA was 

drawn through a OrierW3 filled cartridge into an air-tight glass syringe and then drawn 

into the loop by suction during the last 15 seconds of the 1 minute cooling period at - 
95OC. The 1 minute warming procedure followed as descnbed; a tracing on the 

recorder paper indicated the presence of interfering contaminant peaks. If none were 

present calibration and analysis of breath samples was undertaken. Further cleaning 

was undertaken if contaminant peaks were present from the HCFA. 



5.3.1.3.2 Calibration 

After cleaning and testing for contaminant peaks was completed. a 0.20 ml sample of 

pure ethane and pentane standard in a gas tight syringe was drawn by sudion into the 

slurry-cooled loop where the ethane and pentane were adsorbed to the cold alumina. 

released by heating, and injected into the column to obtain a calibration peak. A 

minimum of 2 injections were done (or more. if duplicate samples showed a difference 

of > 10%). Before breath samples were measured, the loop and column were cleaned 

as described above. 

5.3.1.3.3 Sample Analysis 

The collected expired air was analysed by the following technique. The stainless steel 

loop was cooled as before in the sluny. After being drawn through a Drierite@ filled 

cartridge. 50 ml of exhaled breath was taken from the Tedlar bag with an air-tight glass 

syringe. This aliquot was Men drawn from through the loop by suction and the ethane 

and pentane it contained adsohed to the cold alumina column and was then desorbed 

thermally as described previously. During the injection phase the 6-way port was 

positioned for injection and the carrier gas transported the sample into the PorasiCû@ 

column. The ethane and pentane peaks were recorded 4 minutes after the injection. 

Following the injection the 6-way port was opened and heated for 1 minute. during 

which tirne the carrier gas was drawn through to promote desorption of any residue. 

The system was then ready for the duplicate or new samples. A minimum of 2 

measurements of ethane and pentane were done on each breath sample, depending 

on the percent emr  calculated for each reading. (See Appendix for an illustration of 

ethane and pentane peaks). 

5.3.1.3.4 Calculations 

The concentrations of ethane and pentane production were obtained by using the 

following forrnulae: 



6-h ethanel pentane (pmoü ml) 

- - peak heiaht of subiect X concentration of sample (pmol) 1 ( 50 ml) 

peak height of standard 

Ethanel Pantane Produdon (pmoU kg/ min) 

Convert (pmoii ml) to C - - (pmoU ml) X 1ûûû ml = pmoV L 

pmoVL X volume of breath collecteci (L) - pmoV 2 minutes - 
timing of breath collection (min) 

pmoll2 minutes = breath sample (pmoU min/ patient) 

Breath sample (prnoU min)/ subject body weight (kg) = pmoU kg/ min 

5.3.2 Description of Messurement of Plasma FZ-lsoprostane 

The isoprostanes are a family of eicosanoids of non-enzymatic origin, produced by the 

random oxidation of tissue phospholipids by oxygen radicals. At least one of the 

iso prostanes, 8-isoprostane (8-epi Prostaglandin F2a), has been shown to have 

biological activity, is one of the more abundant F2-isoprostanes formed in vivo, and 

has been found to be a marker of oxidative stress in vivo (Morrow 1996). Less than 

half of the total plasma 84soprostane is present as the free acid; the remainder is 

esterified in lipoproteins. The detemination of total 8-isoprostane requires an alkaline 

hydrolysis and purification by solid phase extraction (SPE) pnor to completing the 

Enzyme Irnmuno-assay (EIA) procedure. Precautions to preven? artifactual generation 

of isoprostanes in Iipid-containing biological samples by autooxidation, ex vivo include 

the following, deep freezing at -70°C; the avoidance of thawing and re-freezing of 

samples; the addition of the anti-oxidant BTH to the chloroform/methanol extraction 

solution; and, the addition of triphenylphosphine (5rnglml) is added to the extraction 



solution to reduce lipid hydroperoxides rapidly converting to hydroxyl compounds, 

therefore preventing the cyclization required to form isoprostanes (Momw 1992). The 

generation of isoprostanes can ocair during storage of plasma at -20°C. causing auto- 

oxidation (Morrow 1996). The hydrolysis and purification procedures that were 

completed in our lab are described. 

Extraction and Hvdrolvsis of 8-fsa~rostane 

Thawed plasma. 0.5 ml, was aliquoted into glass test tubes (berosilicate). One (1) ml 

ethanol. was added to the thawed plasma to enable the precipitation of proteins and 

the extraction of lipids. Samples were vortexed to mix well, then allowed to stand at 

4°C for 5 minutes. Samples were then centrifbged at 1500 x G for 10 minutes to 

separate precipitated protein; the supernatant was decanted into a clean glass test 

tube (berosilicate, 13 ml), ta which an equal volume of potassium hydroxide (1 5%) was 

added and the solution was incubated at 40°C for 1 hour. Ultrapure water was added 

to each test tube to dilute to a total volume of 5ml. Undet the fume hood plasma 

samples were then acidified to a pH below 4.0 (between 3.0 to 3.5) using hydrochloric 

acid (typically 250 - 290 ,uL of HCI) and pH strips. 

Solid Phase Extraction (SPE) 

The solid phase extraction cartridge (Chromosep C l  8, Chrornatographic Specialities 

Inc., Brockville, Ontario, Canada) was activated by nnsing under vacuum with 5 ml 

methanol and then with 5 ml UttraPure water, at a flow rate of 5 ml/ minute. The 

activating solutions were discarded then the acidified plasma sample was passed 

through the activated cartridge and 8-isoprostane was retained on the Octadecyl 

sorbent bed of the cartridge. The cartridge was then washed with 5 ml of Ultrapure 

water and 5 ml HPLC grade hexane. in order to rernove any potential imputities. The 

8-isoprostane was eluted with 5 ml ethyl acetate containing 1% methanol. at a flow 

rate of 5 ml per minute, and collected in labelled berosilicate glass test tubes. The 

ethyl acetate was then evaporated to dryness under a stream of dry nitrogen. The 

glass test tubes were then covered with more than one layer of parafilm and stored in 



the -80°C deep freezer until the EIA assay. 

Plasma 8-lso~rostane EIA Procedure 

Plasma 8-isoprostane (8-€PI) was the portion of F,-isoprostane which was measured, 

using an enzymalinked immunoassay (ELIA) method which involved the use of a 96- 

well micro-plate, with a kit fiom Cayman Chernical (Ann Arbor, MI, U.S.A.). The assay 

is based on the cornpetition between 8-EPI and an 8-isoprostane-acetyicholinesterase 

conjugate (8-isoprostane tracer) for a limiteâ amount of 8-isoprostane polyclonal 

antiserum. Since the concentration of 8-isoprostane tracer is held constant while the 

concentration of 8-€PI varies, the amunt  of 8-isoprostane tracer that is able to bind to 

the 8-isoprostane polyclonal antiserum is invenely proportional ta the concentration of 

the 8-€PI in the well of the mictoplate. During the final step of the assay Ellman's 

Reagent, which contains the substrate to acetylcholinesterase, is added to each well 

enabling the enzymatic rneasurement of 8-€PI. The product of the enzymatic reaction 

has a distinct yellow colour which is measured spectrophotometrically using a 

microplate reader; absotbance was measured at 405 nanomofes (nm). The standard 

curve for F2-isoprostane (8-€PI) is illustrateci in the Appendix. 

5.4 Measurement of Antioxidants 

5.4.1 Description of Plasma Measures of Vitarnins 

Plasma Carotenoids, Retinols. and Tocopherols 

Chrornatographic and spectroscopie methods are commonly used to detect antioxidar~! 

vitamins. The most sensitive assays for their detection involve the use of high- 

performance liquid chromatography (HPLC), using elher normal phase or reversed- 

phase systems. along with either UV spectrophotometers, fluorescence detectors. or 

electrochemical detectors for detection of the vitamins. In this study the plasma for 

carotenoids, retinols, and tocopherols was analysed using a multi-channel system 

running samples simultaneously, using reversed-phase HPLC in combination with 

electrochemical detectors. Plasma samples were sent out to an extemal research 

laboratory, which provided the following description of their assay procedure. 



Assav of plasma camtenoids. retinols and toco~herols 

Plasma (0.2 ml) is de-proteinized with an equal volume of absolute ethanol containing 

an intemal standard (retinyl acetate, 0.5 pg/ ml). The mixture is extractecl Mce with 2 

ml hexane containing BHT (0.01 % wlv); the extract is evaporated to dryness under 

vacuum and rewnstituted with 50 PL stabilized ether and 150 PL mobile phase, then 

10 PL of this extract is injected into the HPLC system. The analytes are eluted 

isocratically at flow rates of 1 ml/ minute, using methanol: acetonitrile: tetrahydrofuan 

(50: 45: 5) mobile phase, and a Waters 15 cm NovaPak column. A Waters 490 

Programmable Multiwavelength Detector is used to detect retinoids ( 325 nm) and 

tocopherols (295 nm) on one channel, and carotenoids (450 nm) on a second channel. 

This system is capable of routine separation of retinol, retinyl palmitate, retinyl acetate 

standard, gamma-tocopherol, alpha-tocopherol, lutein + zeaxanthin, beta- 

cryptoxanthin, lycopene, as well as alpha-carotene and beta-carotene. An extemal 

standard of al1 the above mentioned analytes are periodically injected, every 3 hours. 

to check the system performance. The data are processeci using the Milleniurn 

cornputer programme and custom-made software to account for the rewvery and any 

variability in HPLC performance (personal correspondence from Stacewiu- 

Sapuntzakis and Stacewicz-Sapuntzakis 1987, Natta 1988). 

Plasma Ascorbic acid 

Assav of   las ma ascorbic acid 

The general principle of the assay is that ascorbic acid is oxidized by copper to form 

dehydroascorbic acid and diketogulonic acid. These products are treated with 2, 4- 

dinlrophenylhydrazine to fom the derivative bis-2.4,dinitrophenylhydrazone. This 

compound, in strong suMiric acid, undergoes a rearrangement to f o n  a product with 

an absorption band that is measured at 521nm. The reaction is run in the presence of 

thiourea to provide a mildly reducing medium, which helps to prevent interference from 

non-ascorbic acid chromogens. The method used is denved from the work of Bessey 

et al (1947), and adapted to the rnethod of practised in the lab of Norkus, E.P. 

(personal correspondance from Norkus, E.P.). 



Pre~aration of L-ascorbic acid standard 

L-ascorbic acid powder was weighed out, 0.02 g, and added to a 20 ml solution of 5% 

rnetaphosphoric acid (MPA), and mixed well. 

Pre~aration of Standards for Standard Curve 

Seven standard solutions were prepared as follows: 

for 4.00 mg/ dl standard. add 400 pL aswrbic acid standard to 9600 PL 5% MPA 

for 3.00 mg/ dl standard, add 300 UL ascorbic acid standard to 9700 PL 5% MPA 

for 2.00 mg/ dl standard, add 200 PL ascorbic acid standard to 9800 PL 5% MPA 

for 1 -00 mg/ dl standard, add 100 fiL ascorbic acid standard to 9900 PL 5% MPA 

for 0.5 mg/ dl standard, add 4.0 ml of 1 .O0 mg/ dl standard to 4.0 ml 5% MPA 

for 0.25 mg/ dl standard, add 2.0 ml of 0.5 mg1 dl standard to 2.0 ml 5% MPA 

for 0.0 mg/ dl standard, use 5% MPA only 

Pre~aration of Colour Reaaent 

2, 4-Dinitrophenylhydrau'ne (2.4-DNPH) solution was wmbined with thiourea and 

copper sulfate solutions in a dilution of (20: 1 : 1, or 20 parts to 1 part to 1 part). During 

preparation, thiourea was initially added to the 2,4-DNPH and mixed well prior to the 

addition of copper sulfate. The colour reagent was then stored in the reftigerator, and 

used within 4 hours. 

Plasma samples which had been previously stabilized with 10% MPA and deep frozen 

at -70°C are thawed at room temperature, then centrifuged at 3000 rpm for 10 minutes 

to obtain a clear supernatant for analysis. 

Assay Procedure 

In duplicate, 200 gL of plasma was added to clean glass test tubes, to which 135 PL of 

colour reagent was added. Each tube was covered in parafilm and mixed by vortex. 



The preparation of standard solutions was completed as detailed above; in triplicate, 

200 pL of 5% of MPA was added to 200 pL of each standard solution. The colour 

reagent was then added, 135 PL, and each standard was mixed well by vortex. After 

mixing, al1 tubes were placed in racks, covered with aluminum foi1 and incubated for 20 

hours at 28OC. 

After incubation, test tubes were removed to an ice bath for 15 minutes and then 650 

PL of 65% sulfunc acid was added to each tube, and the solution was mixed well by 

vortex. Samples were then leff at room temperature for 30 minutes before measuring 

their absorbante at 521 nrn. The standard curve for ascorbic acid is illustrated in the 

Appendix. 

5.4.2 Description of Plasma Measures of Glutathione Peroxidase 

The presence of plasma glutathione peroxidase was measured using an enzyme- 

linked immunoassay (ELISA) method, with a kit (BioxytecM pl-GPx Enzyme 

Immunoassay) available from Oxis International, Inc. (Portland, Oregon, U.S.A.). 

Plasma samples were incubated in the wells of a sectionable microplate, which had 

been coated with purifieâ polyclonal antibodies, obtained by using a synthetic antigen, 

which was specif ic for human plasma glutathione peroxidase (pCGPx). The presence 

of pl-GPx was detected by means of a biotinylated-polyclonal antibody to pl-GPx. 

During the final step of the assay biotin-streptavidin coupling occun, when streptavidin 

has been covalently linked to alkaline phosphatase. The addition of the diluting buffer 

para-nitrophenyl-phospate (pNPP) to the microplate enables the enzymatic 

measurement of pl-GPx. The product of the enzymatic reaction, after a 20 minute 

incubation period. develops a distinct yellow colour which is measured 

spectrophotometrically using a microplate reader. Absorbance was measured at 405 

nm. The standard curve for GSH-Px is illustrated in the Appendix. 

5.4.3 Description of Plasma Measures of Zinc 

Plasma zinc was analysed by atomic absorption spectrophotometry (Hitachi 24000 



Polarized Zeeman Atomic Absorption Spectrophotometer, Nissei Sangyo, Canada 

Incorporated., Rexdale, Ontario, Canada) using the method described by Wolman et 

al, (1979). Blood was colleded in a trace element-free vacutainer, and was centrihiged 

at 2400 rpm for 10 minutes and tnen the plasma was transferred to plastic tubes and 

frozen at -70%. until assays were perfonned. After thawing plasma samples, each was 

diluted with distilled water and analysed by atomic absorption spectrophotometry 

against standard serial dilutions of zinc in distilled water. Blank tubes with distilled 

water were prepared for each determination. All plasma zinc values were corrected for 

the zinc content of the blank tubes. Results were pnnted out on an Hitachi AA Data 

Processor. 

The plasma zinc was calculated into pmoV L using the standard cuwe derived from the 

serial dilution of the zinc standard. The standard curve for zinc is illustrated in the 

Append ix. 

5.5 Measurement of Crohn's Disease Activity 

5.5.1 Calculation of Crohn's Disease Activity Index (CDAI) 

The CDAI, which was developed for use in the National Co-operative Crohn's Disease 

Study, is the most widely used disease activity index for patients w lh  CD (Best 1976). 

The generally accepted definition of disease remission is a CDAl of < 150- The factors 

under consideration were the following: number of liquid or very soft S ~ O O ~ S  per day; 

abdominal pain; sense of well-being; extra-intestinal manifestations; the use of narcotic 

medications; presence of an abdominal mass or pen-anal sepsis; haematocrit; 

changes in body weight. A baseline measure of COAl was obtained to detemine the 

severity of disease of each participant. Please refer to the Appendix for more detailed 

information on the calculation of the CDAI. 

5.5.2 Measurement of Acute Phase Proteins 

The acute phase proteins measured in this study are: orosomucoid (alpha-l-acid- 

glycoprotein) and C-reactive protein. The hospital laboratory provided plasma values 



for each subject, according to usual laboratory procedures. 

5.6 Statistical Methods 

5.6.1 Sample Size Calculation 

The sample size calculation has been based on the primary objectives of measuflng 

oxidative stress. Preliminary data from our bboratory, in non-smoking CD patients, 

were used when calculating the sample size for this study. Considering breath alkane 

output (pentane in particular) as a primary outcome, ït is estimated that : r 27 patients 

will be required in each group. This is in order to detect one standard deviation 

change, with 90% power and using a 5% significance level. 

Our preliminary data showed the following results: 

Ethane 

Pentane 

Crohn's patients Controls P value 

(n = 6) (n = 15) 

20.56 * 3.78 1 1.42 I 0.55 < 0.015 

11.6 * 1.7 5.8 * 0.5 < 0.05 

5.6.2 Statistical Analysb 

The unpaired &test was used to compare data between the CD population and the 

healthy controls. Sub-group analysis of the CD population was penomed, using an 

unpaired t-test, to compare lipid peroxidation and antioxidant micro-nutrients in 

patients with active versus inactive disease, that is, comparing patients with elevated 

CDAI, and inflammatory indices (orosomucoid and C-reactive protein) venus those 

with nonnal values. Pearson correlations, between lipid peroxidation parameters and 

antioxidants, and between parameten of oxidative stress and disease activity indices, 

were done on the CD patients. SPSS 7.5 was used to analyse data. Data are 

expressed as the rnean value I SEM. 



6.0 RESULTS 

6.1 Population Description 

Thirty-seven patients with CD and thirty-seven healthy control subjects were recruited 

for the study. The two population groups were well matched for aga, weight, and body 

mass index (BMI) (Table 6.1). The CD patients had an average disease duration of 

10.0 I 1.4 years (range 0.25 to 40.0) and a mean CDAl of 141.2 I 18.7 (range 9 to 

514). Inactive disease is defined as a COAI< 150, and 70% of the patients were found 

to have a CDAl c 150. The mean orosomuwid at 1.04 * 0.10 (range 0.38 - 3.1 9). and 

the mean C-reactive protein at 12.9 i 3.2 (range 3.0 - 101) were both within nomial 

limits. Disease location was found to be: 35% (1 31 17) colonic, 40.5% (1 51 37) small 

bowel, and 24.3% (9/ 37) ileo-colonic. Within the patient population 8.1% (31 37) had 

peri-anal disease in addition to small bowel or colonic disease. No patients had 

undergone sub-total calonic resection, or had an ileostomy (Table 6.1). Medication use 

included: 5-ASA, 40%; antibiotics, 22%; oral corticosteroids, 30%; immuno- 

suppressants, 19%; no medications, 22% (Table 6.2). 

6.2 Assessment of Oxidative Stress by Measuring Lipid Peroxidation and 

Antioxidant Defenses in CD Patients Cornpamd to HC Subjects 

Lipid peroxidation detemined from breath ethane and pentane output and plasma F2- 

isoprostane was significantly higher in CD patients compared to HC subjects (Table 

6.3). See Appendix for a sample wpy of breath alkane peaks. 

A cornparison of values of plasma antioxidants, which includes vitamins, rninerals, and 

the glutathione peroxidase enzyme, in CD patients and HC subjects are identified in 

Table 6.4. CD patients had significantly lower plasma concentrations of ascorbic acid, 

alpha- and beta-carotene, as well as the carotenoids: lycopene and beta- 

cryptoxanthin, compared to healthy control subjects (Table 6.4). Plasma alpha- and 

gamma-towpherol concentrations were in the normal laboratory range for both groups 

and were not found to be significantly different in the CD patients compared to the HC 

population. In fact, mean plasma concentrations of both alpha- and gamma- 



Table 6.1 Chamcteristics of CD and HC subjects' 

Age 

Weig ht (kg) 

Body Mass Index (BMI) 

SB disease 

- 

Disease du ration (yr)( range) 

Colonic disease 

- 

IIeo-colonic disease 

CD subjects 

(n= 37) 

34.5 I 1.58 

64.7 I 2.67 

23.2 & 0.69 
- 

10.0 I 1.4 (0.25 - 40) 

13 

- - - - -  

Peri-anal d isease 

HC subjects 

(n=37) 

34.3 * 0.97 

68.9 i 2.1 

23.5 * 0.48 

1 SB resection 

1 C-reactive protein (mgA) (range) 1 12.9 I 3.2 (3.0 - 101) 1 

CDAl (range) 

Orosomucoid (glL) (range) 

'Mean î SEM 

141 i 18.6 (9 - 514) 

1.0410.10 (0.38-3.19) 



Table 6.2 Medications U s d  by CD Patients 

- - 

Number of CD Current Medications 

Patients 

Patients untreated 

Steroids, oral alone 
- 

5- ASA alone 

Azathioprine alone 

Combination of medicatians: 

Steroids and 5-ASA 

Steroids and ciprofloxacin 

Steroids and ciprofloxacin + metronidazole 

Steroids and azathioprine 

Ciprofloxacin + metronidazole 

5-ASA + ciprofloxacin + metronidazole 

5-ASA + ciprofloxacin + azathiprine 

5ASA + topical steroid 

5-ASA + topical steroid + topical metronidazok 

Azathioprine + topical steroid 

Azathioprine + ciprofloxacin + metronidazole 

Cyclosporin + metronidazole 



Table 6.3 Characterktïcs and Lipid Peroxidation Indic- 

in CD Patients and HC Subjecbl 

CD patients 

(n = 37) 

Breath ethane output (pmol-kg-'*min4) 

Breath pentane output (pmol=kg-'*min-') 

'Mean I SEM 

'e3s4 Significantly different from CD patients 

HC subjech 

(n = 37) 

F2-lsoprostane 

8-lsoprostane (8-EPI) (pgl ml) 

P value 

1 1.2 î 1 -2 

7.5 î 0.98 

78.6 î 8.01 

5.5 î 0.712 

4.9 î 0.483 

0.0005 

0.025 

60.6 i 3.7' 0.047 



Table 6.4 Plasma Antioxidanb in CD Patients and HC Subject.' 

Ascorbic acid (pmoW L) 1 64.03 f 4.6 1 78.4 f 2.g3 1 0.01 

CD Patients 

(n = 37) 

Retinol (pmoll L) 11.8410.11 11.96î0.07 10.39 

Lutein f zeaxanthin (prnoV L) 1 0.30 * 0.03 1 0.36 * 0.02 1 0.07 

HC Subjects 

(n = 37) 

Lycopene &mol/ L) 1 0.63 I 0.06 1 0.87 I 0.M2 1 0.001 

P value 

Zinc bmoU L) 1 8.4 I 0.53 1 8.87 r 0.40 1 0.495 

Enzymatic Antioxidant 

Glutathione peroxidase (ngl ml) 1 35.4 î 2.5 36.0 I 3.2 0.88 

'Mean I SEM 

2.3-4 Significantly different from CD patients 



tocopherol tended to be slightly higher in the CD patients compared to those of the HC 

subjects, but this was not statistically significant. As well, the plasma concentration of 

retinol, and of zinc were not found to be significantly different in this population of CD 

patients compared to HC subjects. And in fact, both the CD and HC population were 

found to have plasma concentrations of zinc below the normal range. In addition, the 

plasma concentration of glutathione peroxidase was not found to be significantly 

different in this population of CD patients compared to the HC subjects (Table 6.4). 

6.3 Assessrnent of Oxidative Stress in CD Patients with Active and Inactive 

Disease 

CD patients with CDAl e 150 were then cornpared with those who had a CDAl> 150. 

(See Appendix for sample calculation foms for CDAI). There was no significant 

difference between the two groups of patients in regard to lipid peroxidation 

parameten (Table 6.5) and the antioxidant defense system (Table 6.5). with the 

exception of alpha-carotene and gamma-towpherol. Alpha-carotene was found to 

decrease as the CDAl increased above 150, while gamma-tocopherol was found to 

increase as the CDAl increased above 150. The two groups of patients were not found 

to be significantly different in regard to plasma zinc or plasma glutathione peroxidase 

concentration (Table 6.5). 

Cornparisons were also performed between CD patients with normal and elevated 

indices of inflammation (orosomucoid and C-reactive protein). Again, there was no 

significant difference between the two groups of patients with regard to lipid 

peroxidation parameters (Tables 6.6, 6.7). When the two orosomucoid groups were 

compared, concentrations of ascorbic acid, beta-carotene, retinol, and lutein and 

zeaxanthin were found to be significantly lower in the high orosomucoid compared with 

the low orosomucoid group (Table 6.6). There were no significant difFerences in 

antioxidants when the two C-reactive protein groups were compared. In addition. no 

significant difference was found between the groups of patients for plasma 

concentrations of zinc and glutathione peroxidase (Tables 6.6, 6.7). 



Table 6.5 Sub-Group Analysis CD Patients 

1 CDAl c 150 1 CDAl>= 150 1 P value 

Breath pentane (pmoV kg1 min) 1 7.4 î 1.4 1 7.6 I 1.1 1 0.94 

Breath ethane (prnoU kg/ min) 
1 

10.1 7 î 1 -55 

F2-lsoprostane (pgl ml )  

P-Carotene (pmoll L) 1 0.41 I 0.07 1 0.26 i 0.08 10.19 

Ascorbic acid (pmoii L) 

a-Tocopherol (pmol/ L) 

13.3 I 1.6 

77.1 2 9.8 

Lycopene (pmoll L) 1 0.67 i 0.06 1 0.56 I 0.1 3 1 0.385 

0.21 

69.8 i 6.3 

23.3 i 1.23 

Retinol (pmoll L) 1 1.9210-1.1 1 1.70 I 0.25 1 0.42 

81.3 i 14.4 

P-Cryptoxanthin @mou L) 

Lutein + Zeaxanthin (pmoV L) 

Zinc (pmoV L) 1 8.5 i 0.66 1 8.2 i 0.895 1 0.825 

0.81 

53.3 î 4.9 

25.6 i 1.9 

- 

0.1 35 I 0.03 

0.26 i 0.04 

- 

O. 19 i 0.03 

0.33 0.03 

GSH-Px (ngl mL) 1 35.5 I 3.15 1 35.2 i 4.4 1 0.955 

0.085 

0.305 

0.28 

0.206 



Table 6.6 Sub-Group Analysis of CD Patients (Olosomucoid) 

Orosomucoid 

< = 1.4 

( n= 30) 

1 Breath ethane (pmoV kg/ min) 1 10.96 * 1.4 

1 Breath pentane (prnoV kg1 min) 1 7.6 * 1.2 

1 Ascorbic acid (prnoV L) 1 69.76 * 5.1 

1 a-tocopherol @moi/ L) 1 23.7 I 1.15 

1 y-tocopherol @moi/ L) 1 3.36 i 0.26 

1 a-carotene &moV L) 1 0.11 î 0.02 

- - -  

Zinc (pmoV L) 8.42 i 0.64 

P-cryptoxanthin (pmoV L) 

Lutein + Zeaxanthin kmoU L) 

Lycopene @mou L) 

Retinol (pmol/ L) 

0.20 i 0.03 

0.32 * 0.03 
0.65 I 0.065 

1.88 î 0.1 1 

Orosomucoid 

> 1.4 

( n = 5 )  

P value 



Table 6.7 SubCroup Analysis of CD Patients 

C-reactive protein 

<= 12.0 

(n=27) 

1 Breath ethane (prnoV kg/ min) 1 10.66 * 1.49 

Breath pentane (pmoV kg/ min) 7.6 i 1.25 

F2-lsoprostane (pgl m l )  74.3 * 8.8 

1 Ascorbic acid &moi/ L) 1 66.3 î 4.76 

1 a-tocopherol &mol/ L) 1 23.5 i 1.25 

1 y-tocopherol &moi/ L) 1 3.45 i 0.39 
- -  - - 

a-carotene bmoW L) O. 12 î 0.02 

f3-carotene (pmoll L) 0.42 * 0.07 

P-cryptoxanthin &moV L) 0.92 î 0.03 

Lutein + Zeaxanthin &mol/ L) 0.32 * 0.03 
Lycopene (pmoV L) 0.67 I 0.07 

Zinc @mol/ L) 8.52 & 0.68 

C-reactive protein P value 

> 12.0 

( n = 1 0 )  



We also compared CD patients with and without medications in regard to lipid 

peroxidation parameters and plasma antioxidant micro-nutiients. There were no 

statistically significant results (Table 6.8). This was likely due to a lack of power 

because of small sample size. 

6.4 Pearson Correlation Data in CD Patients 

In the CD population there was, overall, no significant correlation between the lipid 

peroxidation parameters (breath ethane, breath pentane, or plasma F24soprostane) 

when compared to antioxidant parameters (Tables 6.9, 6.10,6.1 l),  with two 

exceptions. Retinol versus BEO, r = -0.37, p 5 0.03, and lutein and zeaxanthin versus 

F2-isoprostane, r = -0.33, p 5 0.05, both indicated a weak but signRcant negative 

correlation. As well, no correlation was found between the parameters of lipid 

peroxidation and plasma zinc. or plasma glutathione peroxidase (Tables 6.9.6-10, 

6.1 1)- 

Several plasma vitamins were found to correlate with disease activity indices (CDAI, 

orosomucoid, C-reactive protein) (Tables 6.12, 6.1 3, 6.14). In particular, ascorbic acid, 

gamma-tocopherol, alpha-and beta-carotene, and lutein + zeaxanthin were all found to 

weakly but significantly correlate with CDAI (Table 6.12). In addition, ascorbic acid, 

beta-cryptoxanthin, lutein and zeaxanthin, lycopene, and retinol, were al1 found to 

weakly but significantly correlate with orosornucoid (Table 6.1 3). However, no 

correlations were found between vitamins and C-reactive protein (Table 6.14). As well, 

no correlation was found between the indices of Crohn's disease activity and plasma 

zinc, or plasma glutathione peroxidase (Tables 6.1 2, 6.13, 6.14). The overall 

correlation results suggest that as Crohn's disease activity increases, concentrations of 

antioxidant micro-nutrients decrease. 



Table 6.8 Subgroup Analpis of CD Patients 

No medications Medications 

(n=8) (n=29) 

P value 

Breath ethane (pmoîkg/min) 

Breath pentane (pmoikg/min) 

- 

Ascorbic acid bmoV L) 

a-tocop herol (pmoV L) 

y-tocopherol bmoV L) 

a-Carotene kmoV L) 

p-carotene (pmoU L) 

Lutein + zeaxanthin (pmoll L) 

Lycopene &mol/ L) 

Retinol bmoW L) 
. - .  - -  - 

Zinc (prnolf L) 



Table 6.9 Pearson Comlation: Lipid Peroxidation vers- Antioxidanb 

Breath Ethane Output (BEO) in CD Patients 

SLOPE ( r value) P value 

Aswhic acid &mol/ L) 

Lutein + Zeaxanthin bmoV L) 

Cycopene bmoV t) 

Retinol (pmoll L) 

Zinc &mol/ L) 



Table 6.10 Pearson Cornlition - Lipid Peroxidation versus Antioxidants 

Breath Pentane Output in CD Patients 

Antioxidant 

Ascorbic acid bmoV L) 

Alpha-tocopherol &moi/ L) 

Gamma-tocopherol (pmoV L) 

Alpha-carotene (prnoV L) 

Beta-carotene &mol/ L) 

Beta-cryptoxanthin &mol/ L) 

Lutein + Zeaxanthin &mol/ L) 

Lycopene @mol/ L) 

Retinol (prnoll L) 

Zinc (pmol/ L) 

Slope ( r value) P value 



Table 6.1 1 Pearson Conelation: Lipid Peroxidation verrus Antioxidanb 

Plasma F2-lsoprostane (84soprostane) in CD Patients 

1 Antioxidant 

1 Ascorbic acid (prnoU L) 

1 Beta-carotene (pmoV L) 

1 Retinol (prnoll L) 

Slope ( r value) P value 



Table 6.12 Pearson Conelation: Disease Parameters versus Antioxidants 

Crohn's disease acüvity index (CDAI) 

1 Lutein + zeaxanthin bmoV L) 1 -0.38 

Antioxidants 

Ascorbic acid &mol/ L) 

Slope ( r value) 

-0.325 

Lycopene (pmoll L) 

Retinol (pmoll L) 

Zinc (pmoll L) 

P value 

0.05' 

-0.24 

-0.25 

-0.121 

0.1 52 

0-133 

0.474 



Table 6.13 Pearson Correlation: Disease Parameters versus Antioxidants 

Orosomucoid (alpha-a-acid glycoprotein) 

Ascorbic acid bmoU L) 1 -0.362 1 0.033' 

Lutein + Zeaxanthin bmoV L) 1 -0.44 1 0.008- 

Lycopene (prnoll L) 1 -0.36 1 0.031' 

Retinol (prnoll L) 1 -0.42 1 0.01* 

Zinc (pmoV L) 1 0.03 1 0.864 



Table 6.14 Pearson Correlation: Disease Parametam versus Antioxidanm 

C-reactive protein 

Antioxidant Slope ( r value) 

Ascorbic acid &mou L) -0.1 34 

Lutein + Zeaxanthin (pmoV L) 1 -0.236 

Lycopene bmoV L) -0.1 52 

Retinol (pmoil L) -O .2f 8 

1 Zinc (pmoll L) 1 -0.058 



7.0 DISCUSSION 

The primary objectives of this study were to detemine if there was an increase in 

oxidative stress, through measures of lipid peroxidation (breath ethane and pentane, 

and plasma F2-isoprostane) in a CD population compared to heakhy control subjects. 

And also, to detemine if the plasma antioxidant defense system in the CD patients 

was different than that of well matched heaithy control subjects. An additional goal of 

the study was to determine whether lipid peroxidation and antioxidants were 

significantly different between CD patients with active and inactive disease. Finally, 

correlation studies were performed in the CD patients, evaluating the relationship 

between lipid peroxidation parameters and antioxidants, and also the relationship 

between disease activity indices (CDAI, orosomucoid, C-reactive protein) and 

parameters of oxidative stress. 

The results of this study indicate that in this group of CD patients, lipid peroxidation 

was significantly higher than in the HC population. In addition, the plasma 

concentration of some antioxidant vitamins were found to be significantly lower in the 

CD patients. This study is unique in that it is the first tirne that parameters of lipid 

peroxidation and plasma antioxidant micro-nutrients are being studied within the same 

population of CD patients. Of particular interest. is the fad  that even in the presence of 

minimal or quiescent disease (mean CDAl 141 f 18.6, with 70% of patients having a 

CDAl i 150) oxidative stress is evident despite the fact that 78% of the population 

were on medications thought to have antioxidant properties. 

7.1 Study Design 

The study was designed so that the Crohn's disease and healthy control populations 

were well matched for age, gender and BMI, to minimize selection bias. Patients were 

recruited from gastroenterology practices at two major academic teaching hospitals in 

Toronto. Potential patients were referred to the study, then evaluated by the GI 

research dietitian. If the study criteria were met, patients were asked to sign a consent 

to participate. The CD patients who participated in the study were cleariy interested in 



nutrition and may represent a sub-set of patients who were health conscious and have 

a bias towards nutritional therapy. Healthy volunteers were recniited from the sarne 

two academic teaching hospitals and also h m  the University of Toronto. They tended 

to be physician researchers, medical clinicans, nurses, dieütians, or graduate students 

in medical or nutritional sciences. The healthy subjects were al1 either employed in the 

health care sector or were students doing research in heaith care, factors which may 

have introduced selection bias, as they may not have been tmly representative of a 

random sample within the population. 

7.1.i Control of Factors That Promote or Reduce Oxidative Stress 

Oxidative stress is known to increase with age (Zariing 1993). Participants in the study 

had a mean age of: CD: 34.5 î 1.58 versus HC: 34.3 f 0.97, so oxidative stress, as a 

function of age, was balanced between the two study groups and kept to a minimum. 

Exercise is also known to increase oxidative stress (Kanter 1 993, Pincemail 1 WO), so 

all participants in the study were advised to avoid exercise on the day of the test and 

also the evening before, to control for the impact of exercise on oxidative stress. 

Healthy control subjects had the same inclusion criteria as the CD patients, and were 

eligible only if they were free of inflammatory conditions, infections and abscesses. 

which would increase oxidative stress, making them an inappropriate group for 

cornparison. As well, they could not be using anti-inflammatory medications. which 

would reduce oxidative stress, and once again confound our results. 

Non-pregnant subjects, and CD patients who were also free of gastro-intestinal bleeds 

or short bowel syndrome, were offered the opportunity to participate in the study. The 

literature suggests that pregnancy will increase oxidative stress (Morris 1998). so this 

was an exclusion criteria. The concem about gastro-intestinal bleeds and short bowel 

syndrome relate to the potential inability to consume adequate energy intake, with the 

attendant risk of malnutrition. Malnutrition, in itseif, is a source of oxidative stress 

because of inadequate micro-nutrient intake (Halliwell 1994). Overt malnutrition was 

not a significant concem in this study population (mean BMI for CD: 23.2 0.69 venus 



HG: 23.5 I 0.48). hence oxidative stress seaindary to malnutrition was not felt to be a 

confounding issue. 

Smoking (Wade 1986, Pryor 1987). liver disease (Hartmut 1980). and alcohol 

consumption (Litov 1981) can al1 affect breath alkane output. All subjects were 

carefully screened as described previously, and excluded from participation in the 

study if these confounders were present. 

We feel that the overall design of the study minimized the potential biases as indicated 

above, enabling an accurate assessrnent of oxidative stress in the two populations 

described. 

7.2 Lipid Perowidation Parameters 

Our results indicated that breath alkane output (BE0 and BPO) along with plasma F2- 

isoprostane, was significantly increased in the CD subjects wmpared to the HC 

subjects. The increase in lipid peroxidation is consistent with Our hypothesis of 

increased oxidative stress in CD. 

Breath alkane output is an indirect measure of lipid peroxidation, wherein the end- 

products of the process are measured. These volatile hydrocarbons are produced by 

the pscission of PUFA and are passed from the lungs into the expired air (Lemoyne 

1987). Ethane evolves from the peroxidation of omega-3 PUFA and pentane is the 

end-product of omega-6 PUFA. Breath alkane measures have been studied by Our lab 

in previous research (Allard 1994, 1 997, 1 998, 1998) and have been validated in 

human studies as a non-invasive measure of lipid peroxidation (Lemoyne 1987, 

Dumelin 1977, Filser 1983). 

The overall production of breath alkanes can be affected by several factors. The diet 

intake of omega-3 and omega-6 PUFA can influence the composition of the alkanes 

produced (ethane and pentane) (Kivits 1981). So, prior to testing, each subject was 



given oral and written instructions about control of the dietary intake of polyunsaturated 

fatty acids, and requested to follow the guidelines for two weeks before measurements 

were taken, to minimize the effect of diet composition on breath alkane measures. It is 

possible that cornpliance with the advice varied. Food intake records. aîthough not part 

of this research project, have been kept for Mure evaluation to detemine if subjects 

complied with the advice given and also to evaluate whether there is a differenœ in the 

consumption of linolenic and linoleic fatty acids between the two groups. 

One might speculate that bacterial fermentation in the gut and the use of antibiotics 

might impact on breath alkane measures. Gelmont et al, (1 981 ) found in rats that 

pentane elimination in breath depended on the amount of Iinoleic acid in the diet, and 

could be suppressed by the administration of an antibiotic which covered anaerobes 

and gram negative species. Their conclusion was that the major source of pentane in 

the rat was the intestinal bacterial flora. Hiele et al (1991) analysed volatile metabolites 

from human fecal samples in a fecal incubation system and found that human colonic 

flora can produce pentane if it is suppfied with appropriate substrates. such as corn oil 

(t 50% Iinoleic acid). The work of Lemoyne et al, (1987) compared pentane output in 

the fed and fasted state, and after feeding fat and carbohydrate. They subsequently 

found no difference in pentane, suggesting that gut fermentation is. in fact. not a 

significant source of breath pentane production (Van Gossum 1992) in humans. 

Twenty-eight percent of the CD patients were on antibiotics, which we would have 

expected to result in a decrease in breath alkane output. However, despite being on 

antibiotics and/ or anti-inflammatory medications with documented activity, CD patients 

identified as having minimal disease were still found to be oxidatively stressed as a 

group. Patients who were identified as having minimal disease were not excluded from 

the study, and those on 5-ASA, although it is known to have antioxidant properties, 

were also not excluded, as we feit that it was of interest to document whether these 

individuals were free of oxidative stress (Table 6.2). Interestingly, among the 14 

patients taking oral 5-ASA, 50% were still oxidatively stressed, with a breath pentane 



output of > 6.0 pmoW kg/ min. This data suggests that either ongoing disease actiiity or 

perhaps a weaker antioxidant defense system is present in this population of CD 

patients. 

Sub-group analysis of the CD population comparing those who were on rnedications 

versus those who were not are presented in Table 6.8. No significant difference was 

noted when Iipid peroxidation and antioxidant micro-nutrient parameters were 

compared in the patients who used medications and those who did not. Sub-group 

analysis of an overall sample size of 37 patients, with 28 on medication and 9 without 

medications, likely provided too little power to enable the evaluation of the effect of 

medication on oxidative stress in this CD population. The lack of significance between 

the two sub-groups of CD patients may be due to small sarnple size, resuiting in a lack 

of power. 

Plasma F2-isoprostane.(8-isoprostane) was significantly higher in the CD patients 

CO m pared to the HC su bjects, providing further evidence of increased oxidative stress 

in the CD population. F2-isoprostane is a relatively new parameter used to evaluate 

oxidative stress. It is felt to be a specific and quantitative marker of lipid peroxidation. 

and has been used in recent studies in patients with cardiac pathology (Mallat 1998). 

Morrow et a1 (1994, 1995) indicate that F2-isoprostane will likely be a more accurate 

and reliable measure of oxidative stress than other measures currently in use. It has 

an advantage in being able to be rneasured in urine as well as plasma. 

7.3 Antioxidant Oefenses 

The increase in lipid peroxidation in this CD population was also associated with 

significantly lower plasma concentrations of antioxidant micro-nutrients such as 

ascorbic acid, alpha- and beta- carotene. and the carotenoids: beta-cryptoxanthin. and 

lycopene. compared to the HC population. 

Variance in circulating antioxidants can be due to several factors which include 



inadequate intake or malabsorption (Hoffenberg 1997). As well, a sustained increase 

in the production of free radicalsl ROS in the infiamecl bowel might influence the 

consumption and requirement of antioxidant micro-nutrients (Grisham 1 988, 1 994). 

There are reports that antioxidant supplementation will reduce intestinal injury 

(Keshavarzian 1 990, 1 992, Blummenstein 1994, Emerit 1989). which suggests the 

presence of a deficiency state. Food sources of the antioxidants indicated tend to be 

primarily from the fruit and vegetable groups. These are food choices that are ofkn 

consumed sub-optimally by the CD patient, particularly if an inflammatory flare of their 

disease is present. Several of the CD patients were regulariy taking vitamin/ 

antioxidant supplements prior to the study. 

A two-week wash out of al1 antioxidant vitamins, minerais, and herbal preparations was 

a pre-requisite to participation in the study. In previous research in our lab this has 

been the protocol used (Allard 1994,1998) and in fact, twa weeks has been an 

adequate time frame during which a change can be seen (Hoshino 1990), even in 

relation to fat soluble antioxidants. 

Total biologically active ascorbic acid was measured by our assay. The finding of lower 

plasma ascorbic acid in the CD versus the HC population is consistent with the 

reported work of several investigators (Abad-Lacruz 1 988, Fernandez-Banares 1989, 

Geerling 1998). The use of ascorbic acid in the recycling of alpha-tocopherol, 

glutathione, or both might provide and explanation for the reduced levels of this vitamin 

in the CD patients. Ascorbic acid, alpha-tocopherol, and glutathione are wmponents of 

a regenerating redox cycle ( Wefers 1988). Alpha-tocopherol, the major membrane- 

associated antioxidant, scavenges the lipid peroxyl free radical and interrupts the chain 

reaction of lipid peroxidation, becoming oxidized itself, into the tocopheroxyl radical 

(Gutteridge and Halliwell 1994, Slater 1984). Ascorbic acid, a hydrophilic scavenger of 

free radicals, converts the tocopheroxyl radical back to the active alpha-tocopherol, 

thereby replenishing the antioxidant activity of vitamin E (Packer 1979). Glutathione. a 

soluble antioxidant, is capable of reducing the oxidized ascorbic acid back into its 



original active forrn. (Winkler 1994). These antioxidants act in concert. to pmtect 

tissues undergoing oxidative stress (Wefers 1988)- A change in any one of these 

antioxidants will impact on the other two, with the overall impact of potentially 

conserving alpha-tocopheml. The reduced plasma level of ascorbic acid might 

therefore be the result of the recycling of vitamin E. but also perhaps be due to a 

deficiency of glutathione. Unfortunately plasma glutathione was not measured in this 

stud y. 

The plasma levels of ascorbic acid for both CD and HC subjects are within the normal 

laboratory range. therefore. one might ponder the clinical significance of the difterence 

between the rnean values for each group. This is a new area of research, so further 

studies are essential to more clearly indicate whether nutrient requirements 

established for the healttiy population reflect the needs of individuals with chronic 

disease states which are potentially nutritionally wasting. We suspect that the 

difference between mean values might be clinically significant. Previous published 

work from our lab on HIV/ AIDS patients has indicated that in this population. despite 

having normal plasma ascorbic acid and alpha-tocopherol concentrations. vitamin C 

and vitamin E supplementation resulted in a statistically significant decrease in 

oxidative stress and viral load in the supplemented group (Allard 1998). Diet intake 

data on ascorbic acid will be available at a later date to evaluate the mean inbke of 

this important antioxidant. 

Interestingly, we found that plasma alpha-tocopherol levels were not significantly 

decreased in the CD population compared to the HC subjects. In fact. the plasma 

alpha-tocopherol levels for both groups were found to be comparable. and within the 

normal range (Table 6.1 1). The HC subjects were found to have slightly lower levels of 

alpha-tocopherol and gamma- tocopherol than anticipated from previous studies in our 

lab (Allard 1998). as well as the work of othen (Geerling 1998). We had expected to 

find a significant difference in the plasma concentration of alpha-tocopherol between 

the two groups. There may be several explanations for this lack of difference between 



the CD and HC subjects. The HC population might have been cunsuming a sub- 

optimal intake of alpha- and gamma-tocopherol, or they might have been consuming a 

diet rich in PUFA and not consuming adequate vitamin E. The literature suggests that 

when consuming diets rich in PUFA, one's requirement for vitamin E will be increased 

(Van Gossum 1988). At the same time, the CD patients might have been consuming a 

diet rÏch in tocopherols compared to the HC group. Food records collecteci from the 

two groups will be analysed to detennine if there was any significant difterence in 

dietary intake. Another explanation might be that requesting participants in the study to 

discontinue al1 vitaminf mineral preparations for 2 weeks prior to the laboratory 

measures, might have been an inadequate time for the elimination of the fat soluble 

vitamins. However, a study in smokers showed that within two weeks of discontinuing 

alpha-tocopherol, values for lipid peroxidation retumed to baseline elevated levels 

(Hoshino 1990). suggesting that 2 weeks of wash-out should be enough time to 

remove the influence of oral supplemental vitamin E on parameters of oxidative stress. 

Of interest. more than 50 % of CD patients were taking vitaminl minera11 herbal 

preparations prior to the study. whereas only 5% of HC subjects were using vitamins. 

and none were using herbal preparations. In fact, follow-up telephone communication 

with CD patients indicated that 3 had been on vitamin supplements. despite being 

asked to discontinue al1 preparations for a minimum of 2 weeks. Repeating the 

statistical analysis, with or without the 3 patients. did not change the results 

sig nificantly. 

Alpha-tocopherol: total lipid has been identified as a more accurate measure of alpha- 

tocopherol than simply a plasma level of alpha tocopherol, since vitamin E is absorbed 

into the body and transportecl by LDL-cholesterol. If a subject has an elevated 

concentration of cholesterol then they would also likely have an elevated concentration 

of alpha-tocopherol in the plasma. CD patients rarely have elevations in cholesterol so 

it was felt that plasma alpha-tocopherol would provide an accurate evaluation of this 

vitamin for this study. As well, considering the average age of the population studied. 



hyper-cholesterolemia was not expeded to be a problem. 

Plasma zinc was not found to be significantly different in the two groups, which is in 

wntrast with what we would have expected. However, the HC population resuits were 

lower than would have been anticipated, and in fact, both groups were found to have 

depleted plasma zinc levels, below laboratory normal ranges (Table 6.4). The plasma 

zinc levels in the CD patients are lower than those reported by Geerling et al (1998). 

however, interestingly the plasma zinc levels of the HC subjects have also been found 

to be lower than that reported in other series (Allard 1998. Geerling 1998). Again, the 

healthy subjects recniited may not have been a representative sample of heaithy 

individuals in society as a whole. 

Glutathione peroxidase (GSH-Px) was measured by an Elisa kit which is designed to 

measure the presence of enzyme rather than activity of the enzyme, so we can Say 

that GSH-Px is present in comparable levels in both the CD and HC groups, however a 

cornparison of enzyme acüvity between the two groups is unknown. Other literature 

(D'Odorico 1996, Geeriing 1998) suggests that as disease activity increases GSH-Px 

decreases. Also, in studies from our lab we have found that as oxidative stress 

increases (Allard 1994) plasma levels of GSH-Px have been found to decrease. This is 

what would be expected, since ongoing oxidative stress, with depletion of micro- 

nutnents, would potentially be expected to deplete enzymatic antioxidant activity which 

is de pendent on micro-nutrient CO-factors to catalyse enzyme activity. 

Findings from the sub-group analysis of the CD patients, in regard to correlation 

studies (Tables 6.1 2, 6.1 3), showed some weak but significant negative correlations 

between antioxidant vitamins and either CDAl or orosomucoid. The results suggest 

that as disease activity increases, antioxidant vitamins such as ascorbic acid, gamma- 

tocopherol, alpha-and beta-carotene, and lutein and zeaxanthin become depleteâ. 

This may suggest that while disease activity is increased, there is a decrease in dietary 

intake of fruits and vegetables rich in these vitamins. As well, the weak but significant 



correlations between retinol and breath ethane, and between lutein and zeaxanthin to 

F2-isoprostane (Tables 6.9 and 6.1 l), suggest a similar relationship where, as Iipid 

peroxidation increases, the concentrations of the two carotenoids decreases. It is 

possible that with the number of correlations performed, these statistically significant 

results were found by chance alone. As indicated earlier in this manuscflpt. it is unclear 

whether carotenoids play any tnie antioxidant role in vivo (Halliwell and Gutteridge 

1999). 

The CD patients studied were not a nutritionally wasted group, with significant disease 

Rares at the time they were evaluated. As a result of this, we are not seeing dramatic 

elevations in lipid peroxidation values, or dramatic depletion of antioxidant defenses, 

and the mean CDAl and the mean orosomucoid and C-reactive protein values are al1 

within the normal range for this group of CD patients. Nevertheless, we are still able to 

measure differences in oxidative stress when compared with HC (Tables 6.3, 6.4). 

7.4 Limitations of the Study 

It is important to point out two main limitations to this study. Firstly, this is a cross- 

sectional study, where measures are done at one point in time. This is probably not a 

significant concem for the healthy subjects who would not be expected to have marked 

changes in lipid peroxidation parameters and antioxidant defenses over an interval of 

time. However, marked changes in oxidative stress can occur in the Crohn's disease 

subjects over short intervals of time, linked to medication use and disease activity. As 

a result, measures taken at one point in time may not clearly reflect the character of 

the chronic inflammatory process. Measures taken at intervals would likely provide a 

more accurate illustration of oxidative stress and the inflammatory process. 

The second limitation is an inadequate sample size of CD subjects on which to peiform 

sub-group analyses tha! are meaningful. The sample size recruited was based on the 

pnmary objective of oxidative stress, specifically considering breath pentane output as 

a pnmary outcorne. Since sub-group analyses were secondary objectives. the sample 



size was not expanded to meet this requirement. The sub-group analyses were 

perfonned for the purpose of generating new hypotheses. 

8.0 CONCLUSIONS 

The results of this study convey three major findings. 

First, an increase in oxidative stress was found to be present. The lipid peroxidation 

studies indicated that there was a statistically significant increase in breath pentane. 

ethane, and plasma F2-isoprostane in patients with CD compared to healthy subjects. 

Second, alterations in the antioxidant defense system were found. Several of the 

plasma antioxidant vitamins (asmrbic acid. beta-carotene, alpha-carotene, beta- 

cryptoxanthin, and lycopene) are significantly decreased compared to healthy subjects. 

60th of these findings are consistent with the underiying hypothesis that an imbalance 

between oxidative stress. measured through lipid peroxidation. and antioxidant 

defenses exists as part of the intestinal injury in IBO. This work is unique in measuring 

both oxidative stress and antioxidant defenses concurrently in the same population. 

The third finding was that when Crohn's disease activity indices were cornpared to 

parameters of oxidative stress, CD patients who were identiied as being in remission 

(CDAI s 150). were still found to be oxidatively stressed. In fact, 70% of the patients 

were in remission. indicated by minimal or quiescent disease, and 78% of the patients 

were on medications thought to decrease oxidative stress. Despite this, the population 

of CD patients was still found to be oxidatively stressed, compared to healthy control 

subjects. This is new information, and requires further investigation. 

9.0 FUTURE DIRECTIONS 

This was a cross-sectional study so measures of oxidative stress were obtained at one 

point in time, and not re-evaluated after an intewal of time. As a result, this study is 

hypothesis generating and needs follow-up studies to further confirm our results. 



Follow-up studies need to consider subgroup analyses on larger populations of CD 

patients to further study the relationship between active and inactive disease on 

parameters of oxidative stress. 

Based on pretiminary results and other studies, a randornized placebo controlled trial 

using antioxidant vitamin supplementaüon (vitamins C and E) is cunently under way in 

our lab. Parameten of oxidative stress at baseline and after consumption of vitaminsl 

placebos, are being evaluated to determine whether or not antioxidant vitamins will, in 

fact. decrease oxidative stress in this population. 

As well, dietary intake records from both population groups need to be evaluated to 

determine whether overall macro- and micro-nutrient intake, dflers between CD and 

HC subjects, providing a further explanation of the significant difference in oxidative 

stress between the two groups. 

The implications of this study are that even in disease remission, or mild disease, 

oxidative stress is present . The potential therapeutic benefit of antioxidant vitamins in 

CD patients needs to be further studied. 
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APPENDICES 



DIAGNOSTIC CRITERIA - CROHN'S DISEASE 

Diagnosis of Crohn's disease requires one of the following criteria: 

chronic inflammatory disease of the small bowel with 

(i) radiological signs of Crohn's disease 
(ii) histolog ical evidence of Cro hn's d isease in biopsy specimens 
(iii) characteristic gross appearance of Crohn's disease at surgery and 

confirmeci by presence of non-caseating granulorna in mesenteric 
lymph nodes. 

coliüs of the large bowel accompanied by: 
(i) radiologic signs of Crohn's disease of the smaH bowel 
(ii) radiologic, endoscopie* or histologie findings compatible with 

Crohn's disease (at least 2 positive findings required) 
(iii) intemal or extemal fistulas 

'Endoscopic diagnosis requires fulfilment of at least 2 major points or one major and 2 
minor points: 

Major points - fissure or defi-like ulcer - interspened normal and pathological findings 

Minor points -aphthous lesions within normal appeanng mucosa 
-anal lesions 
-rectum spared but involvernent of colon 



Appendix 2: Scmening Foms for CD Study Patients 



OXlDATlVE STRESS AND ANTIOXIDANT VlTAMlNS 
IN PATIENTS WlTH CROHN'S DISEASE 

PRE-ENTRYI SCREENING VlSlT (OAY -14 or -8): ELIGIBILITY 

1. PATIENT DEMOGRAPHICS 

Surname: Namel Initiais: 

Telephone: (H): 

(BI: 

Hospital: 

Hospital Identification Num ber: 

Date of Screening Visit: 1 / 
D M Y 

Date of birth: / / 
D M Y 

Sex: Male Female 
Race: Caucasian Black Asian Other 

Location of disease: 

Du ration of disease: mos. OR years 

Number of disease Rares in previous 12 months: 

IF 

II. 

Cigarette Use: Yes No 
' YES, nurnber and frequency: 

CURRENT ANTIOXIDANT MEDICATIONS: 

III. ALKANEI PENTANE 
Breath ETHANE measures: pmoükglmin 
Breath PENTANE measures: pmoükglmin 



IV. INCLUSION CRI1 ERlA (If the answer to any of these is NO, subject is not eligible) 

1 . Established diaanosis of CD 

2. Age 1 8 years or greater 

3. CDAl between 150 - 350 

4. Non-pregnant 

5. Agrees to discontinue 5-ASA, AspiridB (ASA), al1 vitamin 
and mineral supplements, including iron (Fe) for 2 weeks 
prior to the study 
~p - - 

6. Patients on corticosteroids and/ or antibiotics and/ or 
immunosuppressors will be included if the dose has been 
stable for at least 2 weeks prior to study and they can 
maintain the dose at the same level dunng the study 

V. EXCLUSION CRITERIA(if the answer to any of these is YES, subject is not eligible) 

YES 

THE PATIENT 

NO 

YES 1 NO 

1. Has an abscess, bowel obstruction, or active bleed 

2. Has primarily obstructive disease rather than infiammatory 

3. Has short bowel syndrome 

4. Has BMl ,30 

5. With normal breath alkane levels 

6. Has inability or unwillingness to give informecl consent 

7. Is felt to be unwilling or unable to comply with follow-up in 
opinion of investigator 

VI. ELlGlBlLlTY 

1 THIS PATIENT IS: 1 YES 1 N O  
- - . - - - . - - - 1 1 . Eligible (rneets ail inclusion criteria and NONE of exclusion criteria) 1 



VI!. PATIENT HISTORY OF CROHN'S DISEASE 

1. Date of first syrnptoms of CD: 1 1 
D M Y 

2. Date of diagnosis of CD: 1 / 
D M Y 

3. 

1 DISEASE LOCATION 1 YES 

Oesophagus 

1 Gastroduodenal 1 
Jejunum 

Proximal Ileum 

1 Terminal Ileum 1 

Caecum1 ascending colon 

Transverse colon 

Descendingl sigmoid colon 

Rectum 

- .  - - 

Fibrostenotic 

Fistulizina 

NO NIA 



VIII. ABDOMINAL SURGERY FOR CROHN'S DISEASE: 
YES NO 

If Yes, please list al1 previous sugery 

IX. OTHER RELEVANT MEDICAL HISTORY 

DESCRIBE SURGICAL 
PROCEDURE(S) 

1. 

2. 

3. 

4. 

DATE ( D/ Ml Y ) 

SYSTEM 

Eyes, ears, 
nose, throat 

Respiratory 

Cardiovascular 

Genitourinary 

Musculoskeletal 

Endocnnology 

Dermatolog ic 

Neuropsychiatnc 

NO YES DESCRIBE CONDITION1 
SURGERY 

1 



X. DRUG THERAPY FOR CROHN'S DISEASE IN PAST 12 MONTHS 

DRUG YES NO DATE DISCONTINUED 
( D I M I Y )  

Sulfasalazine 

Asacol 

Safofalk 

Pentasa 

Mesasal 

Dipentum 

Claversal 

Other oral 5-ASA: 
S pecify 

Metronidazole (Flagyl) 

Ciprofloxacin 

Azathioprine 

6-MP 

Cyclosponn 

Methotrexate 

Topical Rectal 
Therapy: Specify 

Others: 



Xi. CURRENT MEDICATION(S) 

YES NO 

If YES, please Iist al1 medications, including OTC and vitaminu minerais 

INDICATIONS 
1. Crohn's disease 
2. Coexisting medical condition 
3. Other 

DRUG NAME 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
L 

9. 

i o. 
11. 

12. 

13. 

14. 

15. 

16. 

INDICATION' 

1 

UNIT DOSE AVERAGE 
DAlLY DOSE 

START DATE 
(DIMIY)  

1 

1 



XII. SUBJECT NE GLOBAL ASSESSMENT 

DATE: 1 1 Subject Name: 
D M Y Subject Hospital ID #: 

A. History 
1 . a. Weight loss in past 6 months: kg %Loss 

b. Weight change in past 2 weeks: - l ncrease 
- No change 
- Decrease 

2. Dietary intake in relation to usual intake: 
Normal 
Abnonnal Duration: weeks 

- Suboptirnal solid diet 
- Full liquids 
- H ypocalon'c liquids 

Starvation - 
3. Gastrointestinal Symptoms (persisting for more than 2 weeks) 

- None 
- Nausea 

Vorniting - 
- Diantiea 

Anorexia - 

4. Functional Capacity: - Full capacity 
- Dysfunction: 
Onset of dysfunction: 

O M Y  
Working suboptimally - 
Ambulatory but not working - 
- Bedridden 

5. Disease and its relation to nutritional requirements: 

a. Primary diagnosis: 

b. Metabolic demand: - No stress 
- Low stress 
- Moderate stress 
- High stress 



B. Physical 
For each trait specify: O = normal; 1 = mild; 2 = moderate; 3 = severe 

Loss of subcutaneous fat ( temporal, arrns ) 

Muscle wasting ( quadriceps. deitoids ) 

Sacral edema 

Ankle ederna 

Ascites 

SGA RATING A. Well nourished 

B. Moderately (or suspected of being) malnourished 

C. Definite malnutrition 



Xlll. BODY MASS INDEX (BMI) 

BMI = Weiaht ( k a  - - 
Heighf (m) 

Appropriate weight ( age 1 9 - 34 yean) 

Appropriate weight ( age 35 years) 

Obesity 
Mild Obesity 
Moderate ObesÏty 
Morbid Obesity 

XIV. NUTRITIONAL THERAPV FOR CROHN'S OlSEASE IN PAST 12 MONTHS 

DISCONTINUED 
(D/M/Y) 

-- 

DURATIONOF 
TH ERAPY (wks) 

Total Parenteral Nutrition 

Partial Parenteral 
Nutrition 

Elemental diet: 

Semi-elemental: peptide 

Polymeric: 

Oral/ supplemental: 

YES NO 



XV. DIET INTAKE HISTORY 

DATE: 1 1 

PATIENT IDENTIFICATION 
Name: 
Hospital ID #: 
Phone: 
Occupation: 

WEIGHT HISTORY 
Present weight: (kg) Height: (cm) 
Usual weight (UBW): (kg) 
ldeal weight (IBW): (kg) 

RECALL DlET INTAKE 

Breakfast Lunch Supper 



ANTIOXIDANT STUDY - CD PATIENTS 

MODlFlED FAT DlET - FOLLOW DURING THE TOTAL STUDY PERIOD 

GENERAL GUIDELINES 

Eat a variety of meats and poultry, and fish as tolerated, such as: 
beef, veal, larnb, chicken, turkey, fish fillet and1 or canned types of fish that are 
packed in water, or have the oil washed off (place canned fish into a strainer and 
wash oil off under the tap). 
NOTE: PIease limit fish intake to 3 times per week. 

If desired and tolerated meat substitutes produced from soy can be taken, e.g. 
Tofu, regular and extra fim. as welt as Veggie Dogs, Veggie Ba& Bacon, etc. 

Eat eggs as desired, if tolerated. Peanut butter can be taken, if desired. 

If dairy products are tolerated take products with a higher fat content, avoid low fat 
products such as skimmed or 1% milk, skim milk cheeses, and low fat yogurts. 

If dairy products are not tolerated use Lact-aid@ or LacteezeQD milk that is at least 
2% fat, or soy milk products; cheddar cheese is usually tolerated by people with a 
mild to moderate intolerance to lactose. Try Tofuttim cream type cheeses and 
desserts if desired. 

Use only Canola, Extra Virgin Olive, or Peanut oifs for cooking. Avoid al1 other 
vegetable oils for cooking: e.g. corn, sunflower, saffiower, etc. 

Butter can be taken. If margarine is taken, it should be predominantly canola, or 
olive, a combination of the two, or a margarine that is predominantly canola. 

Snack foods such as potato chips that indicate 'vegetable oil' on the label need to 
be used with caution, particulariy if 'vegetable oil' is the second or third item on the 
ingredient Iist. For example, regular potato chips. The best choices of potato chips 
are those that are baked or 'low fat'. 

The best choices of other snack foods are toast, crackers or cookies, or pretzels 

Ta ke breads, cereals, vegetables, fruits, and desserts as tolerated. 

Added Details: 

1. Cornplete 7day food intake records for follow-up clinic appointments. 
Continue to eat your usual diet intake, incorporating the guidelines above. 

2. Do not take any vitaminl mineral supplements during the study pend, exœpt for 
those given to you by our study group. 



Appendix 3: Laboratory Data Collection Sheeîs and Assays 



SUMMARY FLOW SHEET 

CD PATIENTS: Oxidative Stress +/- Antioxidant Vitamins 

Name: Hospital ID# 

Date: 

Baseline Week 2 Week 4 

Weight 
BMI 

CD (years) 
Colonic dis? 
SB dis? 
SB resect? 
CDAI 
Alpha-1 acid-GP 
CRP 

BE0  
BPO 

Hgb 
Hct 
WBC 
F2-lsoprostane 
LPO 
MDA 
SOD 
GSH-PX 
Vitamin C 
Vitamin E 
Beta-carotene 

Selenium 
Zinc 





FZ-isoprostane Assay 

10 I O 0  

concentration (pglml) 

Standard Cuwe for FZ-isoprostane (8-EPI) 



2 4 

concentration 

Standard C u m  for Ascorbic Acid 



Zinc Assay 

0.4 0.6 0.8 

concentration 

Standard Cuwe for Zinc 





Appendix 4: Crohn's Disease Acaivity DaW Measurement 



CROHN'S DISEASE AC'TNITY INDEX 

A number of numeric disease activity indices have been developed in order to assist in 
the evaluation of treatment outcames in cfinical trials inpatients with Crohn's disease. 
Such indices have been necessary because of the lack of a 'gold standard' 
determination of disease acüvity. The Crohn's Disease Actiiity Index (CDAI). as 
developed for use in the National Co-operative Crohn's Disease Study, is the rnost 
widely used of these indices (1). The CDAl was developed by a group of 
gastroenterologists who decided upon an inclusive list of 18 parameters that they felt 
reflected disease activity. They then colledeci the necessary data from a group of 1 12 
patients during specified tirne intervals. Mulüple regression with stepwise deletion was 
then used to reduce the original list of 18 variables down to 8 using a physicians over- 
al1 evaluation of "how the patient was doing" (very well. fair to good, poor or very poor) 
as the dependent variable. The CDAl has since been used and validated in at least 3 
large clinical trials of dnig therapy for active disease (2-4). Based on these studies, the 
generally accepted definition of disease remission is a CDAl of less than 150. A 
change of more than 50 to 75 points is considetad to be clinically significant. 

1. Best, W.R.. Becktel, J.M., Singleton. J.W., Kem, F. (1 976). Development of a 
Crohn's Disease Activw Index. Gastroenteroloay 70:43944. 

2. Sumrners, R.W., Switz. D.M. (1979). Sessions, J.T. et al. National Ca-operative 
Crohn's disease study. Results of drug treatment. Gastroenteroloay 77:847-69. 

3. Malchow. H. Ewe. K.. Brandes, J.W. et al. ( 1984). European Cooperative 
Crohn's disease study (ECCDS). Results of drug treatment. Gastroenteroloay 
861249-66. 

4. Uning, B. Alm, T.. Barany, F. et al. (1982). A comparative study of 
metronidazole and sulfasalazine for active Crohn's disease. The Cooperative 
Crohn's disease study of Sweden. II. Resuits. Gastroenterology 83:550-62. 



CROHN'S DISEASE ACT IVlTY INDEX (CDAI) 

WEEKLY DlARY - CD ANTlOXlDANT STUDY 

Patient Name: Hospital ID #: 

Complete this sheet each evening before going to bed. Your answers should describe aie previous 24 

Date 

Day 1 

Day 2 

Day 3 

- 

Day 4 

Day 5 

Day 6 

Day 7 

Number of 
Liquidt 
Very Soft 
Stools 

Abdominal 
Pain Rating: 
0 = none 
1 = mild 
2 = moderate 
3 = severe 

-- - - -- 

General Well-ûeing: 
O=generally well 
1 =slightiy under par 
2=poor 
3=very poor 
4=terrïble 

Was Lomotil or 
Other Opiate 
Taken 
for Dianhea? 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

If Yes, 
lndicate 
Total 
Daily 
Oose 



CALCULATION OF CDAl 

(Patient maintains diary card of symptoms for the 7 days pflor to calculation of 
CDAI ) 

DAY 1 2 3 4 5 67 
Number of liquid or very soft 0 0 O O ~ C m  
stools (or number of times 
emptying stoma bag) per day 

Abdominal pain 0 0 ~ ~ ~ ~ ~  
(O= none, 1 =mild, P=moderate, 3=severe) 

General well-being raüngs 
(O=generally well, 1 = slightly below par, 

2=poor, 3=very poor, 4=temble) 

4. Extraintestinal manifestations 

Arthritisl arthralgia 

Skin or mouth lesions 

Iritis or uveitis 

Anal fissure, fistula or perirectal abscess 

Other bowel related fistula e.g. enterovesical 

Febrile episode exceeding 100°F in past week 

5. Taking Lomotil or opiates for diarrhea 

6. Abdominal mass (O=absent; 2=questionable; S=present) 

7. Haematocrit (%) 

YES NO 

O O 
O D 
O O 
O O 
0 O 
O O 

8. Current body weight (kg) Usual body weight (kg) 



CALCULATION OF CDAl 

(Patient maintains diary card of symptoms for the 7 days prior to calculation of CDAI) 

Variable No. Variable Weighthg 

Number of Iiquid stoolsf week 2 

Sum of 7 daily abdominal pain ratings 
(O= none, 1 =mildl 2=moderate, 3=severe) 

Sum 7 daily well being ratings 
(O=generally well. 1 = slightly below par, 2=poor 
3=very poor, 4=terrible) 

Number of other symptomsl findings 
(1 ) arthritisl arthralgia 
(2) skin or rnouth lesions 
(3) iritis or uveitis 
(4) anal fissure, fistula or perirectal abscess 
(5) other bowel related fistula e-g. enterovesical 
(6) febrile episode exceeding i 00" F in past week 

Taking Lomatil or opiates for dianhea (O= no; 1 = yes) 30 

Abdominal mass (O=absent; 2=questionable; 5=present) 1 O 

Males: 47- Haematocrit 
Females: 42- Haematocrit 

Body weight - percent below standard weight 1 

TOTAL 




