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Headspace screening of fluid obtained from the gut during colonoscopy
and breath analysis by proton transfer reaction-mass spectrometry:

A novel approach in the diagnosis of gastro-intestinal diseases
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Abstract

Background:The diagnosis of many gastro-intestinal diseases is difficult and can often be confirmed only by using invasive diagnostic means.
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n contrast, the headspace screening of fluid obtained from the gut during colonoscopy and the analysis of exhaled air may be a nov
or the diagnosis of these diseases.
aterials andmethods:The screening was performed by using proton transfer reaction-mass spectrometry (PTR-MS) which allows

ensitive measurement. Fluid samples obtained from the gut during colonoscopy were collected from 76 and breath samples from
ass spectra of healthy controls were created. Afterwards these spectra were compared with those of patients suffering from in
owel diseases (IBD; Crohn’s disease and ulcerative colitis;n= 10) and irritable bowel syndrome (IBS;n= 7).
esults:Significant differences in the mass spectra could be observed both in the headspace of the fluid and in the exhaled air
atients with healthy controls.
onclusions:This study is the first describing headspace screening of fluid obtained from the gut during colonoscopy, possibly pr
ovel diagnostic tool in the differential diagnosis of gastro-intestinal diseases.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Over the past decade, the analysis of volatile organic com-
ounds (VOC) has witnessed an enormous boost. Several
tudies dealing with this topic demonstrated that various dis-
ases, e.g. lung cancer[1,2], breast cancer[3], schizophrenia

4] and recent smoking behaviour[5], [6] are associated with
specific VOC-profile either in human exhaled air, or in the
eadspace of body fluids[7]. These patterns differ explicitly

rom that of healthy subjects and are specific for the men-
ioned diseases.
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Whereas breath analysis has been performed in num
studies, no publication describes the mass spectrum i
headspace of fluid obtained from the gut during colonosc
This fluid is obtained easily and without additional risks
expenses in the course of the procedure. Normally being
carded at the end, the analysis of these spectra could
sibly represent a novel methodical approach in diagno
gastro-intestinal diseases and/or finally contribute to a b
understanding of their pathophysiology.

The aim of our current study is to describe the mass s
trum in the headspace of the “colonoscopy-fluid”, and in
exhaled air of healthy controls, and to compare this pa
with that of patients suffering from inflammatory bowel d
eases (IBD) and irritable bowel syndrome (IBS). It mi
become possible to attribute a specific mass spectrum to
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inflammatory bowel diseases and irritable bowel syndrome
and to allow a rapid diagnosis by measuring real-time and an-
alyzing the mass spectrum within minutes. In contrast, con-
ventional methods, e.g. the histopathological evaluation of a
biopsy, are far more time consuming.

2. Materials and methods

2.1. Patients

All patients who were enrolled in the study underwent
elective colonoscopy. The preparation for the procedure in-
cluded the application of a laxative the day before and all
patients had to fast over night. Before the colonoscopy test
subjects were asked to exhale into a sample bag (Adtech,
Gloucestershire, UK) as previously described[8]. In brief,
patients had to discard the first part of expired air and exhaled
only the deep portion into the sample bag. Then colonoscopy-
fluid was obtained from the gut and filled into glass tubes
(Hecht Assistent, Germany). The tubes were stored at 8◦C
for a maximum of 24 h before the measurement was per-
formed.

Fluid samples were collected from 76 subjects, and breath
samples from 70. Ten patients suffered from inflammatory
b litis;
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possible that additional ions are generated in the drift tube.
The count rate of ions is determined in the ion detection
system. There is a linear relationship between the recorded
normalized count rate of ions at differentm/z values (ac-
cording to our settings: 21–229) and the concentration of
M in the original trace gas, so that the latter can be calcu-
lated. The formula includes the normalized count rate of ions
and of the primary ion H3O+, the temperature in the drift
tube, the pressure in the drift tube, the mass dependent trans-
mission efficiency, the rate constant, and the reaction time
[10].

After baseline conditions had been established, each sam-
ple was measured at least three times and the calculated av-
erage of these measurements was used for further statistical
analysis.

2.3. Statistics

Statistical analysis was performed using the software
package SPSS (v.11.0, Chicago, USA). The calculated con-
centrations are expressed as mean± S.D. in parts per bil-
lion volume (ppbv) for each subgroup. Statistical significance
of difference in the calculated concentrations between the
groups was determined with the unpairedt-test after obtain-
ing normal distribution in each group. Statistical significance
w ly
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owel diseases (IBD; Crohn’s disease, ulcerative co
= 10, mean age = 40 years, S.D. = 11.4). Diagnosis
onfirmed by biopsy and histopathological evaluation.
econd group included patients with irritable bowel syndr
IBS; n= 7, mean age = 47 years, S.D. = 17.72). A relia
iagnosis of IBS is extremely difficult[9]. Thus, only the sus
icion was considered an including criteria. The healthy

rols (fluid sample:n= 59, mean age = 59 years, S.D. = 12
reath sample:n= 53, mean age = 60 years, S.D. = 11.95)
erwent a routine colonoscopy. None had intestinal dise
nd none had a noted infection withHelicobacter pylori.

.2. Analysis

Fluid samples were diluted 1:2 with distilled water. B
he fluid samples and the air samples were heated to 3◦C.
he gas in the headspace of the fluid and the air in the
le bags were siphoned off by a heated Teflon tube an

nto the apparatus. The analysis of samples was perfo
sing proton transfer reaction-mass spectrometry. This
ique uses H3O+ as a chemical ionization reagent to meas
olatile compounds in the parts per billion by volume (pp
o parts per trillion by volume (pptv) range. Protonated
er, H3O+, reacts with neutral molecules (M) according

3O+ + M → MH+ + H2O. This reaction only occurs if the
eutral molecules have larger proton affinities than H2O. Al-
ost all compounds have larger affinities and therefore p

ransfer occurs on every collision with rate constantsk, having
ypical values of 1.5× 10−9 cm3 s−1 <k< 4× 10−9 cm3 s−1.
ue to fragmentation (most commonly by the loss of a t
odynamically favoured neutral molecule like H2O), it is
as assumed atp< 0.05, andp< 0.01 were considered high
ignificant.

. Results

Initially proton transfer reaction-mass spectra in
eadspace of the fluid and in the exhaled air of healthy

rols were created. These spectra were compared with
f patients suffering from IBD and IBS. The concentratio

ons at 209 differentm/z values was evaluated. For the m
art, the corresponding substances are thought to be h
arbons, in particular alkanes, alkenes, alcohols, ketone
rganic acids. The mean concentration is given in part
illion volume (ppbv).

In the headspace of the fluid which was obtained from
ut during colonoscopy ions at 12 certainm/z values were

ound consistently in all 59 healthy controls, namely ion
/z values of 31, 33, 41, 43, 45, 47, 55, 59, 60, 61 and
he proton transfer reaction-mass spectrum in the head
f the sample fluid of the average healthy subject is dem
trated inFig. 1.

Comparing the previously mentioned profile of hea
ontrols with that of patients suffering from IBD, the co
entrations of ions at them/z value of 57 and 83 showed
ncrease that was highly significant (p< 0.01;Table 1). The
oncentration of ions at them/zvalue of 46 and 47 were al
ound to be elevated (NS). InFig. 2, the mean concentratio
f the ions at the aforementionedm/z values correspondin

o the two different collectives are presented. In contra
he above mentioned results, no significant differences
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Fig. 1. Proton transfer reaction-mass spectrum of the average healthy sub-
ject (control group) in the headspace of fluid obtained from the gut during
colonoscopy.X-axis: ions atm/z values of 21–229;Y-axis: calculated con-
centration [ppbv].

Fig. 2. Calculated mean concentrations [ppbv] of ions at them/z value of
46, 47, 57, and 83 in the headspace of fluid obtained from the gut during
colonoscopy comparing control group (CG) to patients suffering from in-
flammatory bowel diseases (IBD).

found after correlating the two spectra (healthy controls ver-
sus IBD) in exhaled air.

In addition to IBD, we also included patients with IBS
in our current study. The comparison of the fluid patterns
obtained from healthy controls with that of patients suffering
from IBS showed no significant difference. But using exhaled
air, the concentration of ions at them/zvalue of 31 was found
to be significantly elevated in the IBS group. An equal trend
was observed regarding the concentration of ions atm/z 77
(Table 2).

4. Discussion

This study is the first describing the headspace proton
transfer reaction-mass spectrum of fluid obtained from the
gut during colonoscopy. The following could be observed:
only ions at 12 (of the 209 evaluated)m/z values were de-
tected in all subjects. Ions at each of the 209 evaluatedm/z
values (with the exception ofm/z179) could be found in the
headspace of at least one sample, even though partly in very
low concentrations. The results also show that the concentra-
tion of ions at certainm/zvalues showed large inter-individual
differences in healthy subjects.
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Table 1
IBD group vs. control group (fluid samples)

m/z IBD Control group y

n Mean S.D. S.E. N Mean

57 10 5.95 2.5 0.79 59 3.9
83 10 1.06 0.56 0.18 59 0.49

Table 2
IBS group vs. control group (exhaled air)

m/z IBD Control group y

n Mean S.D. S.E. N Mean

31 7 13.48 3.85 1.46 53 9.97
77 7 9.95 6.18 2.34 53 5.76
It should be kept in mind that “colonoscopy-fluid” re
esents residual human stool, remaining in the lume
he gut after routinely performed laxation. These resid
re obtained from the gut during colonoscopy. The va

ions in the composition between samples mentioned b
re mainly influenced by four factors: food intake, ba
ial flora in the gut, their metabolites and by the excha
f substances between the intestinal mucosa and th
en. It is important to take note that nutrition influen

he composition of the bacterial metabolites significa
11].

One similar study should be mentioned, describing
eadspace screening of human stool. Probert et al. coll
tool samples from 35 patients suffering from infectious
rrhoea and from six healthy controls. Depending on
ausative organisms, different specific patterns could b

P F Variance of homogenit

S.D. S.E.

2.16 0.28 0.008 0.718 +
0.58 0.08 0.006 0.032 +

P F Variance of homogenit

S.D. S.E.

4.23 0.58 0.042 0.41 +
6.6 0.91 0.118 0.168 +
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scribed and raise hope that in the near future infectious
diarrhoea can be diagnosed faster using this novel tool
[13].

In our case, the proton transfer reaction-mass spectrum
was created from volatile compounds in the headspace of
fluid obtained from healthy controls serving as a reference
in order to be compared with the samples obtained from pa-
tients with gastro-intestinal diseases, such as IBD and IBS.
As described, the concentration of ions at them/z value of
57 and 83 were highly significantly elevated comparing fluid
samples from healthy controls to patients with IBD. Due to
the limitation of the PTR-MS method, we can just speculate
about the origin of these ions. Butene or acroleine might pos-
sibly contribute to the concentration of the ions at them/z
value of 57. But it seems that there is no relation between the
pathogenesis of inflammatory bowel diseases and buthene or
acroleine. However, the recent literature supposes that hy-
drogen sulphide (H2S) and other sulphur compounds seem
to play an important role in the pathogenesis of these diseases
[14–16]. Both in this case or in the case ofm/z57 and 83, a
conclusive statement can only be made if ions at the different
m/zvalues are identified.

In exhaled air, differences in the proton transfer reaction-
mass spectrum between healthy controls and patients with
IBD were not observed. Moreover, in exhaled air the stan-
d sive
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5. Conclusion and perspectives

In the future, it might become possible to collate a specific
mass spectrum to the above-mentioned diseases. Neverthe-
less, much effort has to be made and the reliability of this
approach has to be proven. Different methods like GC–MS
(gas chromatography–mass spectroscopy) will help identify
the exact substances and contribute to the basic understanding
of gastro-intestinal diseases.
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