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IBS Subjects with Methane on Lactulose Breath
Test Have Lower Postprandial Serotonin Levels

Than Subjects with Hydrogen

MARK PIMENTEL, MD, FRCP(C), YUTHANA KONG, MPH, and SANDY PARK, BA

We have previously shown that methane on lactulose breath test (LBT) is highly associated with
constipation in IBS and that methane gas itself slows small bowel transit in dogs. Previous studies
suggest that serotonin may have a role in the control of transit in IBS. In this study, we aim to
evaluate the role of serotonin in methane producing IBS subjects. Rome I-positive IBS subjects were
recruited into the study after exclusion criteria were met. A fasting LBT was performed after subjects
filled out a questionnaire rating the degree of constipation and diarrhea. Within 7 days of this test,
subjects returned fasting for determination of serotonin before and after a 75-g oral glucose meal.
The serotonin response was compared between hydrogen and methane producing IBS subjects. After
2 subjects were excluded for inadequate blood samples, 18 subjects completed the study. Four of 18
subjects produced methane. The postprandial serotonin level in methane producing IBS subjects was
lower than in hydrogen producers (P < 0.05). Methane producers had a reduction in serotonin after
glucose. Methane producing IBS subjects have reduced postprandial serotonin. Whether methane is
a surrogate marker of constipation or contributing to the reduced serotonin remains to be determined.
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Irritable bowel syndrome (IBS) is a chronic gastrointesti-
nal problem with no known etiology. Due to the enigmatic
nature of this condition, researchers subcategorize IBS
into symptom specific groups (1) to help explain some of
the recent objective findings in this condition.

One objective finding in IBS is the relationship to serum
serotonin. Almost 95% of all serotonin in the body is found
in the gastrointestinal tract (2–4), pointing to its impor-
tance in this organ system. Serotonin is a neurotransmitter
predominantly secreted by enterochromaffin cells of the
gut located in the crypts of the intestinal villi (5). After
release, the predominant function of this product is peri-
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staltic stimulation of the gut (6–9). Recent findings reveal
that IBS subjects with predominantly diarrhea have ele-
vated postprandial serotonin compared to controls (10).
Though there was a small number of subjects in this pa-
per, the finding has a significant impact on the direction
of research and treatment in IBS. Specifically, this has led
to new approved therapeutic agents acting as an agonist
(11) and antagonist (12, 13) on serotonin receptors.

Another recent objective finding in IBS is the high
prevalence of abnormal lactulose breath tests (LBTs). In
an uncontrolled (14) and now a controlled study (15), we
find that up to 84% of subjects with IBS have an abnor-
mal LBT, suggesting the presence of bacterial overgrowth.
While there is still some debate as to whether the LBT
test represents overgrowth or rapid transit, further data
from two separate studies now suggest that methane on
LBT in IBS subjects is almost universally associated with
constipation-predominant IBS (15, 16). Follow-up work
also shows that methane gas itself slows small intestinal
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transit (17). The mechanism by which methane alters in-
testinal motility is unknown. However, research in pul-
monary circulation suggests that methane has an effect on
smooth muscle through a serotonergic mechanism (18).

In this study, we investigate the role of methane on
serotonin response and bowel symptoms in subjects with
irritable bowel syndrome.

MATERIALS AND METHODS

Patient Population. Subjects meeting Rome I criteria (19)
for IBS were recruited through newsprint advertising in the Los
Angeles area. Subjects in this study were new and not included
in any other previous protocol. Subjects were between 18 and
65 years old and were excluded if they had a history of bowel
disease or risk factors for bacterial overgrowth. Exclusion crite-
ria included a history of bowel resection, adhesions, cirrhosis,
narcotic use, diabetes, connective tissue disease, proton pump
inhibitor use, and IBD. The study was approved by the Cedars-
Sinai Medical Center Institutional Review Board and all patients
were consented prior to participation.

Lactulose Breath Test. After inclusion and exclusion crite-
ria were met, subjects were asked to present to the GI Motility
Program office at Cedars-Sinai Medical Center having fasted
from 7 PM the previous evening. Subjects were instructed to eat
a light meal the previous evening that did not include legumes or
a heavy fat or protein content. On the morning of testing subjects
were asked to brush their teeth and not smoke prior to arriving
for the research study. They were then given a questionnaire as
previously described (15), which provided demographic infor-
mation and bowel symptom scores. Following completion of the
questionnaire, subjects were asked to provide a baseline breath
sample. The breath was collected using a Quintron gas collection
bag (Quintron Instrument Co., Milwaukee, WI) designed to max-
imize alveolar and minimize pulmonary dead space sampling.
Subjects were then asked to ingest 10 g of lactulose (Constu-
lose; Alpharma USPD Inc., Baltimore MD), after which repeat
breath samples were collected every 15 min for 3 hr. Samples
were analyzed immediately after acquisition to ensure quality
measurements using a Model SC Quintron Gas Chromatograph
(Quintron Instrument Co.). Both hydrogen and methane were
quantitatively determined during the analysis. The results of the
breath test were blinded to both the subjects and the investigators
until completion of the study.

Determination of Serotonin. On a separate visit that was
scheduled within 7 days of the LBT, subjects returned having
fasted and prepared identically to what was described for the
LBT. Subjects then had an intravenous placed in a large antecu-
bital vein to facilitate blood draws. A baseline blood sample was
obtained for determination of serotonin. To induce serotonin in
a postprandial fashion, subjects were given a solution contain-
ing 75 g of glucose (Allegiance Healthcare Corp., McGaw Park,
IL). The glucose meal was selected as per a previously vali-
dated technique (20, 21). The glucose solution, having a preset
caloric load and predictable delivery to the small intestine, was
less likely to be influenced by gastric emptying compared to a
solid meal (10). Furthermore, a previous study had demonstrated
that an oral glucose challenge is a potent stimulator of serotonin
release by the gut (21). One hour after the ingestion of glucose,
another blood sample was taken to determine serotonin levels.

Serotonin Analysis. Whole blood was collected in blood col-
lection tubes containing 7.2 mg of EDTA and mixed. The blood
was then transferred into a collection tube containing 35 mg of
ascorbic acid and was immediately frozen. Frozen samples were
then analyzed for serotonin using HPLC (HPLC 717+; Waters
Corp., Milford, MD) through Quest Diagnostics (Van Nuys, CA).

Data Analysis. Serotonin levels were compared between hy-
drogen and methane producing IBS subjects using Student’st-
test. Comparisons of nonparametric data utilized Fisher’s exact
test. Data are expressed as mean± SD.

RESULTS

Demographics. After inclusion and exclusion criteria
were met, 20 Rome I-positive IBS subjects were enrolled
in the study. In one subject, the intravenous did not provide
adequate samples for both baseline and 60 min after glu-
cose administration. In a second subject, the samples were
lost. Of the remaining 18 subjects, 8 (44%) were women.
The baseline and postprandial serotonin levels were not
different between male and female subjects.

Comparison Between Hydrogen and Methane
Producers. Of the 18 subjects, 4 (22%) produced
methane. Baseline serotonin levels were not different be-
tween methane and non-methane producing subjects. The
baseline serotonin level in hydrogen and methane produc-
ers was 79.5± 33.1 ng/ml (n = 13; one hydrogen pro-
ducing subject did not have a baseline serotonin value)
and 54.3± 29.5 ng/ml (n = 4), respectively (P = 0.19).
However, 60 min after glucose administration, there was
a significantly lower serum serotonin concentration in
methane producing IBS subjects compared to hydrogen
(Figure 1).

Methane was also associated with a drop in serotonin
after the glucose load. Specifically, 4 of 4 methane produc-
ing subjects had no increase (n = 1) or a reduction (n = 3)
in serotonin after glucose compared to 5 of 13 subjects in
the hydrogen group (P = 0.08). The percentage change
in serotonin level after glucose was 8.7± 28.7% among
hydrogen producers and−31.2± 33.5% in methane pro-
ducers (P < 0.05) (Figures 2 and 3).

Fig 1. Postprandial serotonin levels after a glucose meal among IBS
subjects with and without methane on lactulose breath test.
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Fig 2. Individual serotonin responses after a glucose meal among IBS
subjects producing only hydrogen.

DISCUSSION

In this study we tried to determine the role of sero-
tonin in IBS subjects with methane on LBT. It appears
that methane on LBT portends a lower postprandial sero-
tonin response compared to that of hydrogen producing
IBS subjects and may be linked to the finding of consti-
pation among methane producing IBS subjects (15, 16).

Methane is one of a number of gases produced in
the digestive tract by enteric flora. The two main gases
produced by enteric organisms that allow differentiation
from the human host are hydrogen and methane (22–
24). Methane producing organisms are extremely fastid-
ious, yet up to 70% of normal subjects have detectable
methane during study of colonic gas production (25–30).
What makes methane production interesting is its symbi-
otic metabolic dependence on the presence of hydrogen.
In culture, methane producing bacteria are capable of pro-
ducing said gas only in the presence of hydrogen (31). As
such, when methane is seen on breath test there is usually
no hydrogen detectable on the test (30).

Fig 3. Individual serotonin responses after a glucose meal among IBS
subjects producing only methane.

The relationship between endogenously produced
methane gas and constipation was largely unstudied until
recently. In the literature, two reports lend support to the
notion of methane in constipation. In one report, methane
is found in children with encopresis (32). Another study
identified diverticulosis as a risk factor for methane pro-
duction (33). However, the literature provides no under-
standing as to whether methane is simply associated with
or contributing to the constipation in these subjects.

In a recently completed double-blind study of antibi-
otic treatment in IBS, we found that methane gas on LBT
was always associated with constipation-predominant IBS
(15). The significance of this result prompted an evalua-
tion of a prospectively collected database for the same
effect (16). This database included all subjects referred
for lactulose breath testing, and among referred IBS sub-
jects, all those with methane also declared constipation as
their predominant symptom.

The suggestion that methane gas on LBT is in some
way linked to constipation is interesting but lacks expla-
nation as to whether the culprit is methane gas itself, the
methanogenic bacteria, or a host response. Since methane
gas is readily available, we recently determined that intra-
luminal infusion of methane into the canine small intestine
slows transit (17). The means by which bacteriologically
produced methane gas slows transit remains unknown.

In the case of gastrointestinal transit, serotonin is always
one of the first targets for investigation of transit since it
is the key mediator of the peristaltic reflex (6–9) and 95%
of serotonin in the body is related to the gastrointesti-
nal tract (34–36). Attention to serotonin in clinical IBS
has been, in part, related to a finding of increased post-
prandial levels of serotonin in diarrhea-predominant IBS
(10). These major findings have culminated in the develop-
ment of pharmacologic therapy for IBS based on serotonin
(11–13). Although elevated serotonin appears to be a ra-
tionale for diarrhea-predominant IBS, the understanding
of constipation-predominant IBS has not been so obvious.
If methane has a role in constipation-predominant IBS, the
relationship between methane and serotonin needs to be
determined.

Although there is no evidence in the literature regarding
the influence of methane on serotonin in the gut, the anes-
thesia literature contains one clue. Most inhaled anesthetic
agents are methane derivatives. In a recent study, methane
gas and its derivatives appeared to have inhibiting effects
on serotonin uptake in the pulmonary circulation (18). Per-
haps the circulation of serotonin is in some way limited
by methane exposure.

In conclusion, it appears that methane on LBT in IBS
subjects has some relationship to serum serotonin levels
as suggested by reduced serotonin responsiveness to meal
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stimulation in these subjects. Based on previous work,
there may be some effect of methane on transit (17). More
work is needed to understand this intriguing interaction
between gaseous bacterial by-products and the movements
of the human small intestine.
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