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Abstract t 

Thee breath test using oral administration of a ' C-labeled substrate, lactose-ureide 

(LU) ,, to measure orocecal transit time (OCTT) was validated against WmTc-scintigraphy. 

Althoughh LU is not absorbed in the human small intestine, colonic bacteria readily 

metabolizee LU, producing '"C-labeled Cü2 . The time at which ' "CO, appears in the 

breathh corresponds to the OCTT. 

Methods.. Twenty-two healthy volunteers ingested a meal labeled with mTc and C-LU. 

Scintigraphyy was performed over 8 h at time intervals of 10 or 15 min. O C TT with 

scintigraphyy was defined as the time at which at least 10% of the label had entered the 

colon.. Breath samples were obtained even- 10-15 min for 10 h and measured by isotope 

ratioo mass spectrometry. O C TT was defined as the time of first significant increase above 

baseline.. The results were compared using correlation and Altman-Bland statistics. 

Resul ts.. O C TT results from scintigraphy (mean OCTT = 283  53 min) and breath test 

(meann O C TT = 292  58 min) correlated well ( r= 0.94). Altman-Bland statistics showed 

closee agreement between scintigraphy and breath test. No significant difference between 

malee and female subjects was observed. 

Conclus ion.. The breath test using C-LU is a valid alternative to scintigraphy 

techniquess for measuring OCTT. 
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Introductio n n 

Physiologicall  events in the small intestine are complex and difficul t to study and 

includee many intrinsic functions. The small bowel serves as its own motor, its own food 

absorptivee capacity, its own conduit and seems to influence propulsive action of other 

organss (ileal brake). Despite difficulties, significant advances have been made in 

describingg the propulsion of the intestinal contents, the contractions responsible for 

thesee movements and the regulation of motility7. Numerous techniques have been used to 

recordd and describe motor activity of the small intestine including scintigraphy,1" 

manometrvv and electromyography,4"6 echoplanar MRI , metal sphere detection,8 tracing 

off  ingested magnetic material,9' 10 blood analysis11, " and breath hydrogen after ingestion 

off  nondigestible carbohydrates.13 With each of these techniques different aspects of the 

samee basic event may be recorded and at different regions of the small intestine. In the 

clinicall  context, however, it is of great value to have a technique to monitor global 

intestinall  motor activity7 in a simple and reliable manner. 

Accuratee measurement of the orocecal transit time (OCTT) is an important step in 

achievingg better insight in detecting dysmotility of the upper gastrointestinal (GI) 

tract.14"244 Moreover, intestinal transit influences the functions of the colon by the supply 

off  substrates.25'2f' Efficiency of colonic fermentation (i.e., the metabolism of unabsorbed 

dietaryy components) is greatly influenced by the motility of the upper intestinal tract." " 

Hence,, it is of major importance to be able to measure transit times, O C TT in particular, 

usingg a relatively simple, reproducible test. Methods for measuring intestinal transit 

shouldd not interfere with normal GI functions and should cause minimal discomfort for 

thee patient. Scintigraphy is usually considered the reference technique for measuring 

OCTT.299 Several drawbacks, however, limi t its application in routine practice. Expensive 

equipment,, time and specialized personnel are required, and the use of radioactive 

isotopess is associated with some irradiation (<3 mSv). It is not preferable to repeat the 

techniquee at short intervals in children, and in pregnant women the use of this technique 

shouldd be avoided completely. To overcome these problems, the hydrogen breath test 

hass been advocated to measure mouth-to-cecum transit time (OCTT). Many authors, 
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however,, have shown that osmoticallv active carbohydrates, like the frequently used 

lactulose,, alter transit time through the small intestine. 

Breathh tests involving the stable carbon isotope, C, have been successfully 

introducedd for many purposes, including gastric emptying.3" Glycosyl ureides have been 

studiedd extensively for their physical and chemical properties.31"33 The enzymes of the 

brushh border of the human intestine are not able to split the bond of sugars to urea. 

Becausee glycosyl ureides are only slightly absorbed in the small bowel without further 

metabolism,, they reach the large bowel unaltered. The colonic flora, by contrast, splits 

thee bond of sugars to urea,lft ' ' after which further metabolism by colonic bacteria can 

takee place. These properties make these ureides well suitable to be used as markers for 

thee measurement of intestinal transit t ime using a breath test with the urea moietv labeled 

withh a carbon isotope. 

Bacteriaa in the colon wil l split and metabolize glycosyl-ureide and produce, among 

otherr products, CO,. I f the urea moiety of the molecule is labeled with C, the isotope 

wil ll  be set free in the breath of the host as ' C 02 . Therefore, breath sampling after oral 

administrationn of the labeled molecule, at regular time intervals for an appropriate length 

off  time, allows the time of appearance of the label in breath to be defined. This point in 

timee indicated the time needed by the marker molecule, together with the meal in which 

itt was integrated, to reach the cecum. 

Itt was the aim of this studv to investigate the validity of the lactulose-[ C]ureide (LU) 

breathh test (LUBT) by direct comparison with a well-established method, namely 

scintigraphvv using a 99mTc-sulfur colloid labeled test meal. 
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Material ss  and Method s 

Subject s s 

Twenty-twoo healthy volunteers (11 women, 11 men; age range 22-58 y) were studied 

simultaneouslyy with scintigraphy and breath test. They were all nonsmokers and had no 

historyy or symptoms of GI disease. Women were all studied in the first week of the 

menstruall  cycle. Subjects who had used antibiotics in 3 mo before the study were 

excluded.. Also, no medication having any effect on GI functions was allowed. Al l 

volunteerss gave written informed consent to participate in the study, which was approved 

byy the medical ethics committee of the Leuven University Hospital. 

Breat hh tes t 

Thee methodology of the LUBT described by Heine et al. ' and Wutzke et al. was 

usedd with slight modification. The protocol is illustrated in Figure 1. 

Thee day before the test, 1 g unlabeled LU was administered in a glass of water three 

timess (morning, noon and evening) to induce the proper enzyme activity in the colonic 

bacteria.. On the morning of the test, after an overnight fast, the subjects were given a 

testt meal consisting of 1 scrambled egg, 2 slices of white bread and 1 glass of water. Five 

hundredd mg of the marker molecule LU was mixed with the total egg before baking. Two 

breathh samples for basal C excretion were obtained in exetainers (Europa Scientific) 

beforee ingestion of the test meal. Sampling was performed by having the subjects blow 

throughh a drinking straw into the exetainer. After ingestion of the test meal within 

100 min, time was started for breath sample collection. During the first h, a '3C sample 

wass obtained ever)7 10 min. C sampling continued for another 9 h every 15 min (total 

samplingg time 10 h). Four h after the test meal was eaten, 1 sandwich with cheese or ham 

wass eaten together with 1 glass of water. No other food or drink was allowed until 8 h 

afterr completion of the test meal, i.e. 2 h before sampling ended. 13C samples were 

measuredd in the continuous flow isotope ratio mass spectrometer ABCA 20-20 IRMS 

(Europaa Scientific). Results in isotope ratio mass spectrometry of  l3C are expressed as 

deltaa in permil. S13 = (S/R - 1)*1000 with S and R the isotope ratios (13C)/(12C) in the 

sample. . 
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Figur ee I. Protoco l of LUBT : timin g of enzym e induction , tes t meal and  l3C breat h 

tes tt  samplin g 

Too assess OCTT with the BC label, calculations were performed directly on measured 

deltaa values. OCTT was taken as the time at which, in breath, a significant increase from 

thee background in !3C was seen. For this purpose a statistical measure of significance was 

assumed:: 2.5 times the SD of all previous points above the running average of all 

previouss points. 

Scintigraph y y 

Inn the test meal egg, 37 MBq of',,mTc-sulphur colloid (Mallinckrodt) was mixed in as a 

markerr for scintigraphy. Measurement of the activity- in the GI tract was performed using 

aa dual-head gamma camera, equipped with low-energy, parallel-hole collimators. 

Scintigraphyy information was obtained by scanning every- 10 min for the first h after the 

testt meal and then even' 15 min for the next 7 h, bringing the total scintigraphy sampling 

timetime to 8 h. OCTT according to scintigraphy was assumed as the first sampling point in 

timetime at which 10% or more of the total activity was detected in the cecal region. 
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Figur ee 2. Exampl e of  l3C breat h excretio n curv e fro m LUB T in one health y 

voluntee rr  wit h indicatio n of O C T T 

Stat is t icall  analysis 

Thee relationship between scintigraphy and breath test was evaluated by Spearman 

correlationn analysis and Altman-Bland statistics. Differences between men and women in 

O C TTT were assessed using Student's / test. 

Result s s 

LUU was found to be tasteless, both as a watery solution and integrated in the egg of 

thee test meal. The integration of the marker in the test meal did not cause any problems. 

Thee low doses of unlabeled induction substrate and of C-labeled substrate were not 

foundd to cause any intestinal discomfort in any of the subjects. 

Forr the breath test, unambiguous interpretation of the O C TT in all subjects was 

possiblee using the criterion of significant increase above baseline. Figure 2 shows an 

examplee of a breath l 3 C 02 excretion curve, with O C TT indicated. 
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Figur ee 3. Cor re la t i o n o f O C T T by L U B T and O C T T by scintigraph y 

Brokenn line = line of equality; dashed line = regression line. 
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Dashedd line = mean difference  2SD 
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Thee maximal increase (peak value) in 'C abundance in breath, expressed as delta-

value,, varied between 3.4 and 27.15 permil. The time of maximal increase in UC excreted 

inn breath was 421  99 min and showed a correlation of r — 0.76 (Spearman) with OCTT 

(P(P < 0.001). 

Noo significant difference was found between female and male subjects with OCTT by 

breathh test 289  58 min and 295 1 min, respectively. Also, no significant sex-

determinedd difference was observed with scintigraphy. 

Thee mean value for OCTT assessed by the LUBT for all subjects was 292  58 min 

(meann + SD), whereas for scintigraphy a value of 283  53 min was found. Correlation 

off  both methods was highly significant with r = 0.94 (P < 0.001, Fig. 3). The difference 

betweenn methods to the mean of both methods shown in Figure 4 confirms this 

correlation.. The linear regression of the data in Figure 3 does not display a jy-axis 

interceptt significantly different from 0 min. 

Discussio n n 

Thee criterion for determination of OCTT using 13C-LU allowed unambiguous and 

objectivee assessment. This is important, because it was found that on scintigraphy it is 

sometimess difficult to unambiguously interpret an image. 

Thee mean value for OCTT found in this study is in accordance with the values found 

byy Heine et al.36 (6.0 + 2.2 h), but is considerably longer than that found by Wutzke et 

al.. (3.02  1.4 h) also using the LUBT. In these studies, no validation against 

scintigraphyy was performed, and the labeled LU was (unlike in this study) not integrated 

inn a solid meal and different meals were used. The lack of significant sex-determined 

differencee in OCTT confirms the findings of Degen et al.,38 in which mean OCTTs for 

menn and women were found to be 254 and 256 min, respectively. These scintigraphically 

determinedd values are in agreement with ours. Also, the values reported by Camilleri et 

al.,, using radiolabeled fiber and pellets, and by Lartigue et al.,40 both using scintigraphy, 

aree in accordance with these data. 
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AA large range in increase in 'C abundance in breath in this group of healthy 

volunteerss might indicate a large interindividual variability in bacterial enzyme activity, 

despitee the identical induction regime of unlabeled LU the dav before the test. This 

certainlyy deserves further study, especially because the exact mechanism of bacterial 

metabolismm of LU and glucose-ureide is unclear. The more fundamental study of the 

underlyingg biochemistry of colonic bacterial metabolism certainly may not be neglected 

andd deserves close attention. The significant correlation between O C TT and time of peak 

valuee in the breath test, however, seems to indicate that the shape of the breath test 

curve,, independently of its height, is a reflection of the pace at which the chyme reaches 

thee cecum, rather than of bacterial activity. A similar correlation was observed in the 

earlierr study with "C-LU.36 

Thee highly significant correlation (r = 0.94) of O C TT measured using LUBT and the 

scintigraphicallyy determined OCTT in these healthy volunteers shows that the breath test 

iss a valid alternative for scintigraphy. The Altman-Bland statistics further confirm this 

andd additionally shows that there is neither a proportional nor a constant difference 

betweenn both methods. 

Conclusio n n 

Thee LUBT could be an excellent alternative for 'WmTc-colloid scintigraphy for the 

measurementt of OCTT. Further research in pathological conditions and under 

pharmacologicall  modulation of transit should be undertaken for further validation. 

74 4 



Application ::  Smal l bowe l transi t scintigraph y 

Reference s s 

1.. Matagelada JR., Carter SE, Brown ML , et al. Radiolabeled fiber: a physiologic 
markerr for gastric emptying and intestinal transit of solids. Dig Dis Sri 1980; 25: 
81-87. . 

2.. Read NW, Miles CA, Fisher D, et al. Transit of a meal through the stomach, 
smalll  intestine, and colon in normal subjects and its role in the pathogenesis of 
diarrhea.. Gastroenterology 1980; 79: 1276-1282. 

3.. Caride VJ, Prokop EK, Troncale FJ, et al. Scintigraphic determination of small 
intestinall  transit time: comparison with the hydrogen breath technique. 
GastroenterologyGastroenterology 1984; 86: 714-720. 

4.. Sifrim D, Matsuo H, Janssens J, et al. Comparison of the effects of midecamycin 
acetatee and azithromycin on gastrointestinal motility in man. Drugs Exp Gltn Res 
1994;20:121-126. . 

5.. Edelbroek M, Horowitz M, Dent j , et al. Effects of duodenal distention on 
fastingg and postprandial antropyloroduodenal motility in humans. Gastroenterology 
1994;106:583-592. . 

6.. Benson MJ, Roberts JP, Wingate DL , et al. Small bowel motility following major 
intra-abdominall  surgery: the effects of opiates and rectal cisapride. Gastroenterology 
1994;106:924-936. . 

7.. Adkin DA, Gowland P, Spilier RC, et al. Echo-planar magnetic resonance 
imagingg to assess water volume in the distal small bowel. Pharm Res 1995; 12: 
1134-1139. . 

8.. Ueberschaer B, Ewe K, Alles U, et al. Effect of 4 x 250 mg erythromycin on 
humann gastrointestinal transit. Z Gastroenterol 1995; 33: 340-344. 

9.. Benmair Y, Fischel B, Frei EH, et al. Evaluation of a magnetic method for the 
measurementt of small intestinal transit time. Am] Gastroenterol1977'; 68: 470-475. 

10.. Oliveira RB, Baffa O, Troncon LE, et al. Evaluation of a biomagnetic technique 
forr measurement of orocaecal transit time. Eur J Gastroenterol Hepatol 1996; 8: 491-
495. . 

11.. Cherbut C, Bruley dV, Schnee M, et al. Involvement of small intestinal motility 
inn blood glucose response to dietary fibre in man. Br] Nutr 1994; 71: 675-685. 

12.. Kellow JE, Borody TJ, Phillips SF, et al. Sulfapyridine appearance in plasma after 
salicylazosulfapyridine.. Another simple measure of intestinal transit. 
GastroenterologyGastroenterology 1986; 91: 396-400. 

75 5 



Chapterr  4 

13.. Bond JHJ, Levitt M D , Prentiss R. Investigation of small bowel transit time in 

mann utilizing pulmonary hydrogen (HT) measurements. J IMI) Clin Med 1975; 85: 
546-555. . 

14.. Gorard DA , Vesselinova-Jenkins CK, Libby G\\T, et al. Migrating motor 
complexx and sleep in health and irritable bowel syndrome. Dig Dis Sri 1995; 40: 
2383-2389. . 

15.. Minocha A, Mokshagundam S, Gallo SH, et ah Alterations in upper 
gastrointestinall  motility in Helicobacter pylori-positive nonulcer dyspepsia. Am J 
GastroenterolGastroenterol'1994;'1994; 89: 1797-1800. 

16.. Gotze H, Ptok A. Orocaecal transit time in patients with Crohn disease, Unr J 
PediatrPediatr 1993; 152: 193-196. 

17.. Matsumoto T, Iida M, Hirakawa M, et al. Breath hydrogen test using water-
dilutedd lactulose in patients with gastrointestinal amyloidosis. Dig Dis Sci 1991; 36: 
1756-1760. . 

18.. Pilotto A, Franceschi M, Del Favero G, et al. The effect of aging on oro-cecal 
transitt time in normal subjects and patients with gallstone disease. Aging 1995; 7: 
234-237. . 

19.. Basilisco G, Camboni G, Bozzani A, et al. Orocecal transit delay in obese 
patients.. Dig Dis Sci 1989; 34: 509-512. 

20.. Camboni G, Basilisco G, Bozzani A, et al. Repeatability of lactulose hydrogen 
breathh test in subjects with normal or prolonged orocecal transit. Dig Dis Sci 
1988;33:1525-1527. . 

21.. Vajro P, Silano G, Longo D, et al. Orocoecal transit time in healthy and 
constipatedd children. Acta Paediatr Scand 1988; 11: 583-586. 

22.. Dalzell AM , Freestone NS, Billington D, et al. Small intestinal permeability and 
orocaecall  transit time in cystic fibrosis. Arch Dis Child 1990; 65: 585-588. 

23.. Lautenbacher S, Galfe G, Haslbeck M, et al. Studies on orocecal transit in 
diabetess mellitus. Med Klin 1990; 85: 297-301. 

24.. Hirakawa M, Okada T, lida M, et al. Small bowel transit time measured by 
hydrogenn breath test in patients with anorexia nervosa. Dig Dis Sci 1990; 35: 733-
736. . 

25.. Holgate AM , Read NW. Relationship between small bowel transit time and 
absorptionn of a solid meal. Influence of metoclopramide, magnesium sulfate, and 
lactulose.. Dig Dis Sci 1983; 28: 812-819. 

76 6 



Application ::  Smal l bowe l transi t scintigraph y 

26.. Chapman RAX', Sillery JK, Graham MM , et al. Absorption of starch by healthy 
ileostomates:: effect of transit time and of carbohydrate load. Am J Clin Nutr 
1985;41:1244-1248. . 

27.. Southgate DA , Durnin JV. Calorie conversion factors. An experimental 
reassessmentt of the factors used in the calculation of the energy value of human 
diets.. Br J Nutr 1970; 24: 517-535. 

28.. Cummings JH, Macfarlane GT. The control and consequences of bacterial 
fermentationn in the human colon. J Appl Bacteriol 1991; 70: 443-459. 

29.. Bennink R, Peeters M, Van den Maegdenbergh V, et al. Evaluation of small-
bowell  transit for solid and liquid test meal in healthy men and women. HurJ Nucl 
MedMed 1999; 26: 1560-1566. 

30.. Ghoos YF, Maes BD, Gey-pens BJ, et al. Measurement of gastric emptying rate 
off  solids by means of a carbon-labeled octanoic acid breath test. Gastroenterology 
1993;; 104: 1640-1647. 

31.. Schoorl MN . Sugar ureides (carbamides). Chem ZentraM'1903; 1: 1079-1081. 

32.. Hofmann E. About the breakdown of glucose ureide by bacteria. Biochem Zeitschr 
1931;243:416-422. . 

33.. Goodman I. Glycosvl ureides. Adv Carbohydr Chem Biochem 1958; 13: 215-236. 

34.. Benn MH, Jones AS. Glycosyl ureas. Part I. Preparation and some reactions of 
D-glycosyll  ureas and D-ribosyl ureas. J Chem Soc 1960; 4: 3837-3841, 

35.. Merry RJ, Smith RH, McAllan AB. Glycosyl ureides in ruminant nutrition. 2. In 
vitroo studies on the metabolism of glycosyl ureides and their free component 
moleculess in rumen contents. Br] Nutr 1982; 48: 287-304. 

36.. Heine WE, Berthold HK, Klein PD. A novel stable isotope breath test: r e -
labeledd glycosyl ureides used as noninvasive markers of intestinal transit time. Am 
JJ Gastroenterol 1995; 90: 93-98. 

37.. Wutzke K D , Heine WE, Plath C, et al. Evaluation of oro-coecal transit time: a 
comparisonn of the lactose-["C, LvN]ureide 1. Eur] Clin Nutr 1997; 51: 11-19. 

38.. Degen LP, Phillips SF. Variability of gastrointestinal transit in healthy women 

andd men. Gut 1996; 39: 299-305. 

39.. Camilleri M, Brown ML , Malagelada JR. Impaired transit of chyme in chronic 
intestinall  pseudoobstruction. Correction by cisapride. Gastroenterology 1986; 91: 
619-626. . 

77 7 



Chapterr  4 

40.. Lartigue S, Bizais Y, Bruley dV, et al. Measurement of gastric emptying, intestinal 
transitt time and colonic fillin g by scintiscan in healthy subjects. Gastroenterol Clin 
fi/o/1991;fi/o/1991; 15: 379-385. 

78 8 


