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Medical Air Supply 

Inlet I I 

amount of label present in carbon dioxide expelled in the 
breath after a period of time. It has been shoWn that this 
method has application to assessing damage cause by chemo 
therapeutic induced mucositis as Well as gastroenteritis With 
an infectious cause. 
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BREATH TEST 

FIELD OF THE INVENTION 

[0001] This invention relates to a diagnostic test to assess 
the state of the small intestine, and more particularly to the use 
of a breath test to do so. 

BACKGROUND TO THE INVENTION 

[0002] The lining of the small intestine plays a particularly 
important role in the health and Well being of an individual. It 
represents the major interface for nutrient uptake in the 
human body. The majority of energy uptake is through the 
brush border lining the small intestine. The surface area of the 
brush border is maximised by structures knoWn as villi that 
protrude into the gut lumen. 
[0003] Serious health rami?cations can result should the 
functioning surface area of the brush border be signi?cantly 
reduced, for example, by reason of the elaboration of the villi 
being reduced or by reason of damage to the enterocytes 
lining the brush border. 
[0004] Damage to the small intestinal tract can be occa 
sioned in any number of Ways. For example, damage may 
result from an infection by a pathogen, or by conditions such 
as Crohn’s disease, Coeliac disease and Diabetes. Alterna 
tively, various treatments might occasion damage, for 
example, by the use of bactericides such as certain antibiotics 
or more usually by the application of anticancer treatments 
the enterocytes being particularly prone to the latter tWo as a 
result of their rapidly dividing nature. 
[0005] The degree of enterocyte damage can be modulated 
for any of the above conditions, for example, by altering the 
severity of the treatment undertaken or by administering pal 
liative agents. Such remedial action is currently not taken 
until manifestation of physiolo gical symptoms resulting from 
an impairment of the brush border. Given that in many cases 
the subjects concerned are already under considerable stress 
it is highly desirable to address such potential failure as early 
as possible more particularly before the onset of such a fail 
ure. This therefore requires a suitable diagnostic method that 
might be predictive of such failure. 
[0006] Currently the method used for de?nitive diagnosis 
of small intestinal damage and dysfunction is by biochemical 
and histological analysis of small boWel biopsy. The major 
disadvantages of this approach are (a) the invasiveness of 
taking a biopsy and (b) the extrapolation of information on 
enZyme activity and damage to the intestine from a small 
sample site to the entire small intestine. The latter assumes 
that conditions affecting the small intestine produce a uni 
form response throughout, hoWever it is knoWn that many 
conditions are focal in nature. This method is simply imprac 
tical to perform on a repeated basis. 
[0007] Breath hydrogen tests are taken as a measure of 
small intestine malabsorption, and are an alternate approach 
to assessing damage to the small intestine. Breath hydrogen 
results from fermentable material being malabsorbed in the 
small intestine and presented to the colon for fermentation by 
micro?ora present in the large intestine. Thus reduction in the 
surface area of the small intestine or loss of enZyme activity 
Will result in passage of digestible sugars (for example 
sucrose) to the colon and subsequent H2 production indicat 
ing problems With the small intestine. HoWever the test is only 
appropriate if hydrogen-producing bacteria are present in the 
colon. It is thought that there is a signi?cant proportion of 
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human and animal populations (estimated at up to 20%) that 
do not have hydrogen producing bacteria resident in the large 
intestine. This then creates the potential for false negatives. In 
addition such tests are qualitative only and therefore do not 
give an estimate of the degree of damage or dysfunction that 
is present. These are major limitations of the clinical useful 
ness of the breath hydrogen test. 
[0008] A third test that alloWs an assessment of the integrity 
of the small intestine is the sugar absorption test (SAT). The 
SAT measures the appearance of certain sugars in the urine 
(e.g. lactulose, rhamnose and sucrose). These are indicative 
of a damaged small intestine lining. SAT’s are currently used 
in a limited fashion to assess intestinal permeability as a 
measure of the integrity of the small intestinal lining. 
Although these tests offer the advantage of being non-inva 
sive they only test for one speci?c component of the small 
intestinal structure and function, that being the ability to 
maintain an impermeable barrier separating the contents of 
the gastrointestinal tract from the systemic system. The main 
disadvantages of SAT’s are (a) the loW diagnostic speci?city 
(b) dif?culty in performing the tests in the young, and (c) 
analysis of urinary excretions of the ingested probes involves 
intricate multi-step protocols Which are di?icult to perform. 

SUMMARY OF THE INVENTION 

[0009] In one speci?c form the present invention might be 
said to relate to a method of assessing the physical state of the 
lining of the small intestine in an animal or human, 

[0010] preferably allowing a period of fasting of the ani 
mal or human, 

[0011] taking an initial breath sample, 
[0012] administering an acceptably labelled test sub 

strate of an indicator enZyme, the indicator enZyme 
being speci?cally expressed on the brush border of 
enterocytes lining the small intestine, 

the indicator enZyme being one that is constitutively 
expressed and present in substantially all of the members of 
the population of the animal or human, 

[0013] taking one or more further breath samples after 
administering the labelled test substrate, 

[0014] ascertaining the level of a labelled carbon dioxide 
in the breath samples, and 

[0015] calculating the change in labelled carbon dioxide 
after ingestion of the test substrate. 

[0016] The indicator enZyme is preferably a dissacharidase 
and might particularly be a sucrase Which is constitutive and 
is expressed on the enterocytes of all normal individuals. The 
test substrate for this is labelled sucrose. A further indicator 
enZyme the presence of Which can be assayed to give an 
indication of the above defect is a maltase. The test substrate 
for this is labelled maltose. There is a very small proportion 
(0.2%) of the human population that has a de?ciency knoWn 
as sucrose-isomaltase de?ciency Where this form of the 
invention cannot be used, although it can be used to detected 
this condition. Additionally unlike, for example, lactose the 
tWo indicator enZymes referred to above do not have a dra 
matic cut off of activity in a subpopulation, that is non 
caucasian. An additional aspect of the indicator enZyme is 
that activity is exposed substantially only in the small intes 
tine, Which therefore has the advantage of assessing speci? 
cally the integrity or activity in the small intestine. It Will be 
understood that the invention may not necessarily be limited 
to assaying for activity of the tWo dissacharidases referred to 
above, it might also relate to other indicator enZymes With the 
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same characteristics referred to above. However the present 
invention has very speci?cally shown that sucrose is able to 
be used for this purpose and is reliable for doing so. It is 
postulated that at least maltose should also be reliable for that 
purpose. 

[0017] In another broad form the invention might be said to 
reside in a method of assessing the state of the lining of the 
small intestine in a animal or human, 

[0018] 
[0019] administering an acceptably labelled test sub 

strate, the test substrate being selected from the group 
consisting of sucrose and maltose, 

[0020] taking one or more further breath samples after 
administering the labelled test substrate, 

[0021] ascertaining the level of a labelled carbon dioxide 
in the breath samples, and 

[0022] calculating the change in labelled carbon dioxide 
after ingestion of the test substrate, and 

[0023] comparing the change to a standard to make the 
assessment. 

[0024] One or more atoms of the test substrate may be 
labelled so that carbon dioxide (CO2) is formed to include 
these labelled atoms. It Will thus be readily apparent that the 
labelled atom might be either a carbon or an oxygen. A 
number of knoWn labels might be used. A most convenient 
label might be the use of an isotope other than the most 
common isotopes, the most common isotopes being 12C and 
16O. Preferably, because the substrate is to be ingested, the 
isotope used is one that emits a loW energy) or no radiation, 
and most preferably none, for that reasons 13C is a preferred 
choice. 13C is a stable isotope, and is present in sucrose 
produced in certain plants at suf?ciently high levels to not 
require addition of synthetically produced l3C-sucrose. 
Where other enZymes are to be measured and 13C maltose or 
other substrate is to be measured it Will be understood that the 
labelled isotope might need to be made synthetically. Addi 
tionally to elicit a stronger signal some synthetic sucrose may 
be added to the naturally enriched sucrose. 

[0025] Otherisotopes that might be used include 14C. 14C is 
used in other breath test analyses and is considered generally 
safe for many individuals, it is not used generally on young 
children and Women of child bearing age. Another common 
form of radioisotope used is 18O. 
[0026] It Will be understood as With other uses of labelled 
compound the extent of labelling need only be measurably 
different to that Which occurs naturally. With 13 C-sucrose the 
abundance in, for example, cane sugar is about 11-12 atom 
%0, and a measurable result is achievable after ingestion of a 
reasonable quantity of sucrose. Should the speci?c activity of 
the sucrose be higher, then less may need to be ingested. The 
speci?c activity required can, of course, be modulated to 
empirically ?nd a level that provides a convenient result. 

[0027] Other forms of labelling of atoms might also be used 
and this invention might encompass such labelling. 
[0028] Preferably the animal or human to be tested fasts for 
a period of time before ingestion of the labelled substrate. 
This may be an overnight fast of perhaps 8 hours, or an 
alternative period of time perhaps 2 or 3 hours. The purpose of 
the fasting is to bring a degree of consistency to the test, to 
ensure, for example, that material that has otherWise been 
ingested does not compete With the test substrate for the 
enZyme activity, or alternatively there may be other factors 

taking an initial breath sample, 
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that interfere signi?cantly With the test, for example, induc 
tion of other enZymes that might compete With the indicator 
enZyme for the test substrate. 
[0029] A breath sample is taken before the test substrate is 
administered. This is to ascertain a base level of labelled to 
unlabelled CO2 for example, l3CO2 to 12CO2. This is then 
used to compare variation after die test substrate has been 
administered. There Will be, by reason of natural background, 
a level of, for example, l3CO2 present on the breath of the 
mammal or human. The method of the present invention Will 
thus measure increases above that level. It might hoWever be 
possible that no control breath sample needs to be taken and 
the one or more breath samples taken after ingestion of the 
test substrate might be tested as against a suitable absolute 
level of 13CO2 indicative of damage. 
[0030] The breath sample can be taken by any knoWn 
method, and that could be as simple as bloWing into a con 
tainer, a glass tube or an in?atable bag. Where the sample is to 
be taken by an animal, more complex arrangements might be 
required. It Will be understood that collection Will usually 
entail avoiding collection of air from the dead space and thus 
for humans the ?rst approximately 150 ml Will normally not 
be collected. 
[0031] The sample Will then be tested for the relative quan 
tity of labelled CO2 in the breath. The procedure used for 
testing these may be any one suitable for testing the amount of 
labelled material compared to unlabelled material. 
[0032] It is desired to provide for an internal standard to 
measure against the labelled CO2. In a very convenient form 
the internal standard might be to also measure the unlabelled 
CO2. Thus for 13CO2 an isotope ratio mass spectrometer may 
be used to measure the ratio of 13CO2 to 12CO2 and any 
changes in that ratio Will be noted. 
[0033] The time over Which damage can be detected has 
been checked empirically and signi?cant divergence has been 
found from about 45 minutes after ingestion through to about 
tWo to three hours after ingestion of a solution of sucrose. The 
time of sampling might depend on a range of conditions 
including the state in Which the test substrate is given. 
[0034] It is found that there is a response With an increase in 
labelled CO2 no matter Whether the test animal or human has 
a damaged small intestinal lining, and thus use of a control, or 
comparison With another standard is highly desirable. It is 
anticipated that a threshold level of the indicator enZyme 
activity as measured by the CO2 Will be empirically ascer 
tained to indicate When remedial action is required. Adjust 
ment may need to be made to the calculation of threshold to 
take into account the age or Weight of the subject or the 
condition that the subject suffers from. 
[0035] For a better understanding the invention Will be 
described by reference a number of examples and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a diagrammatic description of the breath 
collection apparatus used in the ?rst example, 
[0037] FIG. 2 breath 13 CO2 levels at 20-minute time points 
over 240 minutes folloWing ingestion of a 2 ml l3C-sucrose 
solution in control rats (n:8) and rats treated With methotr 
exate 7 days earlier (n:8). Values are expressed as the change 
in breath l3CO2 (delta) from baseline and presented as 
meaniSEM. 

[0038] FIG. 3 sucrase activity (mmol substrate hydrolysed 
at 37° C. at pH 6.0/mg protein/hour) in the duodenum, 
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jejunum and ileum of control rats (n:8) and rats treated With 
methotrexate seven days earlier (n:8). Data are presented as 
meaniSEM. 

[0039] * indicates signi?cant difference in sucrase activ 
ity Within control group (p<0.05) 

[0040] ** indicates signi?cant difference in sucrase 
activity betWeen control and mediotrexate-treated rats 
(p<0.0005). 

[0041] FIG. 4 are representative transverse sections of 
jejunum stained With haematoxylin and eosin from a control 
rat (a) and a rat treated With methotrexate seven days earlier 
(b), 10>< magni?cation. Villi are visibly shorter and stubbier in 
the methotrexate-treated jejunum. 
[0042] FIG. 5. Breath 13CO2 levels in healthy humans in 
response to the ingestion of 20 g, 40 g and 60 g l3C-sucrose 
(n:10). Values are expressed as the area under the curve and 
presented as meaniSEM. 

[0043] * indicates signi?cant difference in AUC from 40 
g sucrose and 60 g sucrose. 

[0044] FIG. 6 is a graph ofbreath 13CO2 levels in rats 4 day 
(squares) or 7 days (triangles) folloWing treatment With meth 
otrexate, and a control (diamonds). 
[0045] FIG. 7 is a graph of breath 13CO2 levels in human 
volunteers that have ingested four different levels of acarbose 
in addition to l3C-sucrose. Diamonds represent 20 g sucrose 
(no inhibitor, n:10), Squares are 20 g sucrose With 25 mg 
acarbose (n:9), triangles represent 20 g sucrose With 50 mg 
acarbose (n-9), crosses represents 20 g sucrose With 100 mg 
acarbose (n-8) and stars represent 20 g sucrose With 200 mg 
acarbose (n:9) 
[0046] FIG. 8 is a graph shoWing the percentage l3CO2 
expired during the sucrose breath test in three aboriginal 
children With gastroenteritis, the mean is represented as 
crossed and the thickened line. 
[0047] FIG. 9 is a graph shoWs the same parameter as in 
FIG. 8 in a group of 10 healthy aboriginal children, the means 
is represented by the thickened line With squares. 
[0048] FIG. 10 Time course of small intestinal barrier func 
tion (SIP), represented by L/ R permeability ratio, betWeen No 
Mucositis group (n:8) (darker line) and Mucositis group 
(n:6) (lighter line). On test day 6-9 Mucositis group n:4. The 
control mean12SD are shoWn as the solid and broken hori 
Zontal green lines. Data expressed as meaniSEM. Signi? 
cance denoted by *(p<0.05). 
[0049] FIG. 11 Time course of small intestinal absorptive 
capacity, represented by % CD 0-90 min, betWeen no mucosi 
tis group (n:8) (darker line) and mucositis group (n:6) 
(lighter line). On test day 6-9 Mucositis group n:4. The 
control mean12SD are shoWn as the solid and broken hori 
Zontal green lines. Data expressed as meaniSEM. Signi? 
cance denoted by * p<0.05, ** p<0.005 and i** p<0.00l. 
[0050] FIG. 12 Effects of folinate on the breath 13 CO2 
levels folloWing sucrose gavage in rats 52 hrs after MTX 
treatment (meaniSEM) (n:4/ group). The ?lled squares rep 
resent 52 hour folinate, the ?lled circles 52 hours folinate. The 
open squares represent Pre-MTX no folinate, the open circles 
represent Pre-MTX folinate. 
[0051] FIG. 13 Effects of folinate on the breath 13CO2 
levels folloWing sucrose gavage in rats 52 hrs after MTX 
treatment (meaniSEM) (n:4/ group). The ?rst of the pairs of 
bars represents folinate, the second no folinate. 
[0052] FIG. 14 Effects of folinate on jejunal sucrase levels 
of rats 72 and 120 hours post MTX-treatment (meaniSEM, 
n:4, except 2 in control groups). The ?rst of the triplets of 
bars represent MTX, the second MTX and folinate and the 
third a control With no MTX. 
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[0053] FIG. 15 Effects of folinate on jejunal MPO levels in 
rats 72 and 120 hours post MTX-treatment (meanzSEM, n:4, 
except 2 in control groups). The ?rst of the triplet of bars 
represents MTX and folinate, the second MTX and no foli 
nate and the third the control. 

DETAILED DESCRIPTION OF THE INVENTION 

EXAMPLE 1 

[0054] The Methotrexate Model of Gastrointestinal Dis 
ease in Rats 
[0055] Material and Methods 
[0056] Animals 
[0057] Sixteen adult male Sprague DaWley rats Were indi 
vidually housed in Techniplast metabolism cages With an 
environmental temperature of 250 C. and a 12-hour lightzdark 
cycle for the duration of the study. Eight rats (mean Weight 
182.4128 g) Were treated With a 2.5 mg/kg subcutaneous 
injection of methotrexate (Lederle Laboratories, Baulkham 
Hills, NSW, Australia) in 0.9% sodium chloride on three 
consecutive mornings (i.e. day 1, 2 and 3 of the protocol). 
Rats Were fed an 18% Casein diet and alloWed Water ad 
libitum for the duration of the seven day protocol. The 
remaining eight rats (mean Weight 21 1 314.8 g) Were Weight 
matched to the methotrexate-treated rats from heaviest to 
lightest, and fed the same amount of 18% Casein diet ingested 
by their methotrexate-treated counterpart on each day of the 
seven day protocol. 
[0058] The 13 C-Sucrose Breath Test 
[0059] The l3C-Sucrose Breath Test Was performed on all 
rats from 8 am on day 7 of the protocol. Rats Were placed in 
the custom-built breath collection chamber (1 litre Pyrex 
container; FIG. 1) 10 minutes prior to sample collection. The 
chamber Was closed after eight minutes and medical air Was 
supplied to the chamber through the inlet for the remaining 
tWo minutes. Air?oW Was suf?cient to ?ush the chamber of 
CO2 in this 30 tWo-minute period. At breath sample collec 
tion, the tWo-Way taps ?tted to the inlet and outlet Were closed 
for tWo minutes, alloWing the CO2 exhaled by the rats to 
accumulate. Breath samples Were syringed (20 ml plastic; 
Becton Dickinson, Sandy, Utah, USA) from the outlet at the 
end of this tWo-minute period and medical air?oW Was imme 
diately returned to the chamber. Breath samples Were trans 
ferred via the syringe to a 10 ml evacuated glass tube (Ex 
etainer, Labco Limited, High Wycombe, England) for 13 CO2 
analysis. Each breath test Was preceded by an overnight fast 
(13 hours) and a 15-minute acclimatisation period in the 
breath collection chamber. Following the collection of three 
baseline breath samples, rats ingested a 2 ml sucrose solution 
(AnalaR, BDH, MERCK Pty Ltd, Victoria, Australia; ?xed 
dose 1 g/ml Water) via orogastric gavaging. Breath samples 
Were collected at 20 minute intervals for the folloWing 240 
minutes. 
[0060] Kill Procedure and Tissue Collection 
[0061] Rats Were sacri?ced in the afternoon of day 7 by 
cervical dislocation under CO2 anaesthesia. The abdomen 
Was opened via a midline incision and the liver and gut 
excised. The gut contents Were ?ushed thoroughly With phos 
phate buffered saline, pH 6.0. The small intestine Was placed 
on an ice-cold slab and divided into three sections: the duode 
num comprising the intestine from the gastro -duodenal junc 
tion to the ligament of TreitZ; the remaining intestine from the 
ligament of TreitZ to the caecum Was divided in half to pro 
vide jejunum and ileum of equal length. A 4 cm portion Was 
excised from each intestinal section and Was rapidly froZen in 



US 2008/0160504 A1 

liquid nitrogen, before being transferred to a —700 C. freezer 
until determination of sucrase activity. A further 1 cm of each 
section Was excised and ?xed in methacarn ?xative for tWo 
hours, transferred to 70% ethanol for 48 hours, and embedded 
in para?in Wax for histological analysis (HoWarth et al., 
(1996). 
[0062] In Vitro Assay of Sucrase Activity 
[0063] Tissue from the duodenum, jejunum and ileum Was 
prepared for the assay of sucrase activity according to the ?rst 
tWo steps in the method of ShiraZi and Beechley (1991). 
Brie?y, the brush border membrane containing the disaccha 
ridase enZymes Was isolated via hypoosmolar shock folloWed 
by centrifugation. Three><1 ml aliquots of enZyme preparation 
Were obtained from the duodenum, jejunum and ileum of 
each rat. Aliquots Were stored in liquid nitrogen prior to being 
thaWed and assayed for sucrase activity by the method of 
Dahlqvist (1968). This assay involves the addition of a knoWn 
amount of sucrose (substrate) to the enZyme preparation for 
30 minutes and the use of glucose oxidase to determine the 
amount of glucose liberated during this period. Enzyme activ 
ity Was then related to the protein concentration of the enZyme 
preparation as determined by the method of Bradford (1976), 
in Which a standard curve of bovine serum albumin concen 

tration is used to ascertain the protein content of the sample. 
As a result, the sucrase activity representative of duodenal, 
jej unal and ileal brush border membrane Was determined as 1 
mol of substrate hydrolysed at 370 C. at pH 6.0/mg protein/ 
hour. 
[0064] Histology 
[0065] Tissue samples in para?in Wax Were sectioned 
transversely at 21 um, stained With haematoxylin and eosin to 
expose the structure of the intestinal mucosa, and examined 
by an under a light microscope (HoWarth et al., 1996). A 
semi-quantitative histological assessment of intestinal dam 
age Was utilised to obtain an overall score of damage severity 
in the three sections of the small intestine. A severity score 
ranging from 0-3 Was allocated for 11 histological features 
(table 1), such that the maximum severity score (33) indicated 
the most severe damage (HoWarth et al., 1996). 

TABLE 1 

Histological parameters used to derive severity scores 
for methotrexate-induced intestinal damage. 

Intestinal Wall component Histological parameter 

Mucosa Villus fusion and stunting 
Enterocyte disruption 
Reduction in goblet cell numbers 
Reduction in mitotic ?gures 
Crypt disruption 
Crypt cell disruption 
Crypt abscess formation 
Lymphocyte and Neutrophil in?ltration 
Capillary and lymphatic dilatation 

Submucosa Thickening/oedema 
Muscularis extema Thickening 

[0066] Data Analyses 
[0067] Signi?cance in all statistical tests Was set at p<0.05. 
[0068] Breath l3CO2 Analyses 
[0069] Breath samples Were analysed for 13 CO2 by an iso 
tope ratio mass spectrometer (ES; Europa Scienti?c, ABCA 
20/20, CreWe, United Kingdom) equipped With a V410 data 
collection system. Isotope ratio mass spectrometric analysis 
of breath samples expresses results as a delta value, repre 
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senting the ratio of 13 C/ 12C in the sample in parts per thou 
sand relative to the calcium carbonate international primary 
standard, Pee-Dee Belemnite limestone (South Carolina, 
USA) (Renes et al., (1997). Baseline levels of breath l3CO2 
Were determined by averaging the delta of breath samples 
collected prior to the ingestion of sucrose. Results from the 
13 C-Sucrose Breath Test Were then calculated as the change in 
breath 13 CO2 levels from baseline (i.e. delta over baseline: 
DOB) for each time point of breath collection over the period 
of interval sampling. The area under the “change in breath 
lsCO2 level over time” curve (AUC) Was calculated using the 
trapeZoidal rule: 

UC data are presented as meaniSEM. 

[0070] Signi?cant differences betWeen theAUC of controls 
and methotrexate treated rats Was determined by an unpaired 
t-test. 

[0071] In Vitro Sucrose Activity 
[0072] Sucrase activity Was expressed as speci?c activity 
relative to protein (umol substrate hydrolysed at 370 C. at pH 
6.0/mg protein/hour) and presented as meaniSEM. Sucrase 
activity from the three sections of intestine Within either the 
control group or the methotrexate-treated group Were com 

pared using one-Way analysis of variance and a Bonferroni 
post-hoc test. Signi?cant difference in sucrase activity in the 
duodenum, jejunum and ileum of methotrexate-treated com 
pared to control rats Was detected using an unpaired t-test. 

[0073] Histology 
[0074] Histological severity scores Were calculated and 
presented as median and range. The unpaired non-parametric 
Mann-Whitney tWo-sample test Was employed to compare 
the severity scores of the methotrexate-treated rats With con 
trols for each section of intestine. 

[0075] Relationship betWeen Breath 13CO2 and In Vitro 
Sucrase Activity 
[0076] Pearson’s Product-Moment Correlation Was utilised 
to explore the relationship betWeen breath 13CO2 levels 
(AUC) and the in vitro sucrase activity of individual sections 
of small intestine, (i.e. duodenum, jejunum and ileum). In 
addition, breath 13 CO2 levels (AUC) Were also correlated to 
the average sucrase activity of the Whole small intestine, 
Which Was calculated by expressing the sucrase activity of the 
duodenum, jejunum and ileum proportional to the length of 
intestine that each section represents, and summing the three 
results. 

[0077] Results 
[0078] The 13 C-Sucrose Breath Test 

[0079] FIG. 2 compares the increase in breath 13 CO2 levels 
(DOB) occurring over the 240 minutes folloWing sucrose 
ingestion in controls and methotrexate-treated rats on Day 7 
of the protocol. The AUC observed in methotrexate-treated 
rats (AUC:4.7:0.56) Was signi?cantly loWer than theAUC of 
controls rats (AUC:15.2:1 2; p<0.001). 
[0080] In Vitro Assay of Sucrase Activity 
[0081] Sucrase activity (speci?c activity in umol substrate 
hydrolysed at 370 C. at pH 6.0/mg protein/hour) Was similar 
in the duodenum and jejunum and signi?cantly loWer in the 
ileum of control rats (p<0.05; FIG. 3). On Day 7 after meth 
otrexate treatment, sucrase activity Was signi?cantly dimin 
ished in all three sections of intestine (p<0.0005). There Was 
no signi?cant difference in sucrase activity betWeen the three 
sections of intestine in methotrexate-treated rats (p>0.05). 




















