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Reduced Hippocampal Glutamate–Glutamine Levels
in Irritable Bowel Syndrome: Preliminary Findings
Using Magnetic Resonance Spectroscopy
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OBJECTIVES:

Enhanced stress responsiveness is an important pathophysiological factor in irritable bowel syndrome
(IBS), suggesting the presence of a dysregulated hypothalamic-pituitary-adrenal (HPA) axis. A possible
mechanism involves maladaption of the feedback mechanism of the HPA axis. We hypothesized that
hippocampus, a key brain region providing inhibitory feedback to the HPA axis, would exhibit reduced
excitatory glutamatergic neurotransmission and reduced N-acetyl-aspartate (NAA; a marker of neuronal integrity) levels in IBS patients.

METHODS:

In this preliminary study, proton magnetic resonance spectroscopy was used to quantify absolute
concentrations of metabolites in bilateral hippocampi of 15 IBS patients without significant
psychiatric comorbidity and 15 age-matched controls.

RESULTS:

The main finding was a reduction in hippocampal glutamate–glutamine (Glx) in IBS patients.
Furthermore, Glx concentrations were inversely related to emotional stress indicators in patients
only. No difference was found between subject groups for other metabolite concentrations, including
NAA. However, an elevated myo-inositol (mI)/NAA ratio was found in IBS patients.

CONCLUSIONS: Our results provide preliminary evidence for the presence of abnormal hypofunction of hippocam-

pal glutamatergic neurotransmission in IBS patients without psychiatric comorbidity, possibly as a
result of the chronic pain. This supports the notion of an imbalance in regulatory brain regions in this
subgroup of IBS patients. The inverse relationship between Glx and emotional stress indicators is in
agreement with the inhibitory role of hippocampus on the stress system and suggests a sensitization
of the mechanism to emotional arousal. The elevated mI/NAA ratio in IBS patients further suggests
the presence of hippocampal glial proliferation and remodeling.
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INTRODUCTION
Irritable bowel syndrome (IBS), a highly prevalent gastrointestinal disorder (1,2), is primarily characterized by continuous or
recurrent abdominal cramping pain, bloating, and discomfort
in absence of structural or tissue abnormality. The “brain-gut”
axis is believed to have a crucial role in the pathogenesis of IBS
(3), Hypersensitivity to visceral stimuli has been demonstrated
both psychophysically, indicating the presence of hyperalgesia,
and physiologically at peripheral (4,5), spinal (6), and supraspinal levels (7–10). In conjunction with visceral hypersensitivity,
enhanced stress responsiveness is thought to be an important

pathophysiological factor. IBS symptoms can be triggered or
exacerbated by stress (11,12) and pain coping strategies such
as catastrophizing have an important mediating role (13). Evidence suggests a dysregulated hypothalamic-pituitary-adrenal
(HPA) axis in IBS patients, even in absence of psychiatric comorbidity, indicating altered central stress control mechanisms
(14–16). However, a simple relationship between stress-related
neuroendocrine function and IBS symptoms has not been found
possibly reflecting the heterogeneous etiology of the syndrome,
variations in psychiatric comorbidity and the effect of different
phases of the chronic stress response.
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The hippocampus is a brain region not only involved in cognition
but also in several aspects relevant to the IBS symptomatology, e.g.,
pain, anxiety, and stress (17–22). Evidence point to a functional dissociation along the septotemporal axis of the hippocampus with spatial learning and memory mainly localized to the posterior/dorsal
portion and regulation of anxiety and stress responses localized to
the anterior/ventral portion (17). The hippocampus, containing
adrenal steroid receptors, is targeted directly by stress mediators
and is among the most sensitive brain regions (20). Under prolonged stress, these mediators result in structural (loss of synaptic
connectivity, replacement of neurons, and remodeling of dendrites)
and functional (reduced synaptic functionality) changes (20). Such
changes may initially be adaptive, e.g., to maintain homeostasis
and enable coping with novel situations, but prolonged exposure
may cause damage (e.g., glutamatergic excitotoxicity). Under normal acute stress, hippocampus exerts negative feedback upon the
HPA axis to terminate the stress response. However, ongoing stress
may impair the feedback mechanisms and result in prolonged or
blunted HPA responses (20). It is at present unknown whether hippocampal mechanisms are implicated in the pathology of IBS. Possible functional hippocampal changes could be expressed as altered
metabolism and/or glutamatergic neurotransmission.
Magnetic resonance spectroscopy (MRS) is a magnetic resonance imaging-based technique that allows to non-invasively
identify, discriminate, and quantify several different neurochemical metabolites at the same time in a given brain region. MRS provides unique information that cannot be acquired by any other
imaging modality. Proton MRS (1H-MRS) can be used to detect
a wide range of metabolites including choline (Cho) containing
compounds, creatin (Cr), glutamate (Glu), myo-inositol (mI), and
N-acetyl-aspartate (NAA). As Glu can be difficult to distinguish
from glutamine (Gln), due to overlapping spectra, the combined
(Glu–Gln:Glx) concentrations are often quantified. Metabolites
in the 1H-MRS spectrum subserve a diverse range of brain functions: Cho is involved in membrane metabolism and is a precursor
of the neurotransmitter acetylcholine; Cre has an important role
in cell energy metabolism; Glu is the most abundant excitatory
neurotransmitter in the brain and Gln is a precursor of Glu; mI
participates in phosphatidylcholine-based second messenger signaling and is predominantly located in glial cells and thus an index
of glial cell integrity; NAA is predominantly localized to neurons
and is considered a marker of neuronal density and integrity (23).
In addition, the mI/NAA ratio has been suggested to be a marker
of glial proliferation (24). MRS has previously been applied in
patients with various types of pain including fibromyalgia (25–27),
chronic low back pain (28,29), neuropathic pain (30–32), trigeminal neuralgia (33), headache (34,35), and migraine (36–38). Only
two studies on fibromyalgia investigated metabolites in the hippocampus and both found decreases in NAA/Cre ratios indicating
compromised neuronal integrity (25,27).
In the present study, we hypothesized that IBS is associated
with abnormal hippocampal function. More specific, we hypothesized that reduced hippocampal feedback to the HPA axis
would be expressed as lower Glu and Gln levels in IBS patients
possibly concomitant with reduced NAA concentrations. Because
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Table 1. Clinical and demographic information for IBS patients
and healthy controls

Gender (F/M)
Age (years)
Pain duration (years)

IBS

Controls

P value

8/7

10/5

0.71

36.6±11.6

33.0±9.0

0.35

7.2±6.8

—

—

MPQ total (0 –78)

38.9±6.07

—

—

PCS (0 –52)

19.0±12.5

16.1±6.2

0.44

7.8±6.3

6.8±6.1

0.66

State anxiety (20 –80)

Depression (0 –63)

40.7±11.3

41.3±8.3

0.88

Trait anxiety (20 –80)

47.6±11.2

44.9±7.92

0.45

F, females; IBS, irritable bowel syndrome; M, males; MPQ, McGill pain questionnaire; PCS, pain catastrophizing scale.
Note: score ranges are given in parentheses. Values are given as mean ± s.d.
See text for further details.

of the inhibitory role of hippocampus on the HPA axis, we further hypothesized an inverse relationship between these functional
markers and clinical symptoms, e.g., pain and emotional stress
indicators. To test this hypothesis, absolute metabolite concentrations were determined by means of single-voxel quantitative
1
H-MRS within bilateral hippocampi and correlated with clinical
parameters. To our knowledge, this is the first study employing
MRS to IBS patients.

METHODS
Participants

Sixteen IBS patients and seventeen healthy control subjects were
recruited in the study. One patient and two controls were excluded
from the study due to poor MRS signal leaving 15 participants in
each group (see Table 1 for details). Selection of IBS patients were
based on a positive diagnosis according to the ROME III criteria
(39). The diagnosis was made by an experienced gastroenterologist
(CLL) and excluded organic disease and other chronic pain conditions. Before inclusion in the study, all participants were interviewed about their medical history including psychiatric conditions,
which had required hospitalization and the use of drugs. In addition, anxiety and depression inventories were applied (see below).
Exclusion criteria for all participants encompassed major surgery,
metal implants incompatible with magnetic resonance imaging scanning, and major psychiatric disorders, including clinical
anxiety or depression and previous use of anxiolytics and antidepressants. In addition, controls were free of acute or chronic
somatic and abdominal pain at the scan time. Patients received
treatment with fiber supplements and antispasmodic medication
according to their symptoms. Before the study, participants gave
their informed consent to the protocol, which had been approved
by the Institutional Review Board of Taipei Veterans General
Hospital. The study was conducted in accordance with the
Declaration of Helsinki.
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Figure 1. Voxel location and tissue composition. (a) An example of voxel location in a single subject. Lateral (left), middle (mid), and medial (right) sagittal
voxel borders are shown. (b) Segmentation and extraction of mean densities of gray matter, white matter, and cerebrospinal fluid within the hippocampal
voxel.

Assessment of clinical outcomes

Data processing

Psychological assessment was performed immediately before magnetic resonance imaging scanning. All participants completed the
Spielberger state-trait anxiety inventory and the Beck’s depression
inventory (40). To further evaluate emotional coping strategies, the
pain catastrophizing scale was administered (41). The pain experience of each patient was assessed by the McGill pain questionnaire.

Spectroscopic data were analyzed using the fully automatic
LCModel (42) in the range 4.0–0.2 p.p.m. The water scaling
method was applied for estimation of absolute metabolite concentrations (43,44). With this method the spectrum from the unsuppressed water signal is used as a concentration reference. However,
water scaling is based on the assumption that the water concentration in the voxel is accurately measured. As the water signal arises
from gray matter (GM), WM (white matter), and CSF (cerebrospinal fluid), this method is sensitive to partial volume effects. To
correct for this, high-resolution anatomical images were segmented
into GM, WM, CSF (Figure 1b) using statistical parametric mapping (SPM8 software; Wellcome Trust Centre for Neuroimaging,
University College London) and mean probability values were
extracted from each hippocampal region using a mask generated
in MRIcro (http://cnl.web.arizona.edu/mricro.htm). The water concentration in the hippocampal voxels was then calculated according
to the formula: [water] = (GM%)×43.30 + (WM%)×35.88 + (CSF%)
×55.55. Absolute concentrations of the following metabolites were
obtained: Cho (glycerophosphocholine + phosphocholine), Cr, Glu,
Glx, mI, and NAA. Only individual metabolites with a standard
deviation of the fitting error (% s.d.) < 20% were included in further
analysis. Evaluation of spectral quality was based on the full-width
at half maximum (in parts per million) and signal-to-noise ratio of
the NAA peak as provided by LCModel. To estimate the quantification precision (45) of Glx, the mean standard deviation of the fitting
error was calculated across subjects as an estimate of the total relative error of [Glx]. In addition, the total absolute error estimate of
[Glx] was calculated as %s.d.×[Glx].

Image acquisition

Data were acquired on a 3-T Magnetom Trio MR scanner
(Siemens AG, Erlangen, Germany) with a 32 channel phased
array coil. For each participant, single-voxel 1H-MRS was
obtained from left (L) and right (R) hippocampi in addition to
a three-dimensional high-resolution MPRAGE (MagnetizationPrepared Rapid Acquisition with Gradient Echo) anatomical scan
(repetition time/echo time/flip angle: 2,530 ms/3.03 ms/7°; field
of view: 224×256×192; voxel size: 1×1×1 mm3) used for localization and offline partial volume correction. The hippocampal
voxels (size: 15×20×10 mm3) were placed on sagittal anatomical images and adjusted based on identifiable anatomical landmarks, e.g., one side of the voxel extending to the lateral border
of the hippocampal formation and the long axis of the voxel tilted
at an angle to match the septotemporal axis of the individual
hippocampi (Figure 1a). The voxel included most of the ventral portion and excluded the most dorsal portion. Single-voxel
1
H-MRS was conducted using a PRESS (Point RESolved Spectroscopy) sequence (echo time: 30 ms; TR: 2,000 ms; bandwidth:
2 kHz; water suppressed spectra: 128 acquisitions; non-water
suppressed spectra: four acquisitions) with short echo time
for enhancement of the glutamate peak. Acquisitions from left
and right hippocampi were counter balanced across subjects.
Scanning was performed in the morning at the same time interval
(9–11 AM) for all participants.
© 2011 by the American College of Gastroenterology

Validation of absolute concentrations

To validate the absolute concentrations found in IBS patients
and healthy controls using water scaling and phased array data
The American Journal of GASTROENTEROLOGY
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acquisition, a 50-mM NAA phantom underwent eight separate
scans (parameters as above) with new shimming for each scan
to simulate the same conditions the participants underwent.
NAA concentrations were calculated as above but with [water] =
55.55 M.
Statistics

Student’s two-sample t-test (two-tailed) was used to test for
significant differences between patients and controls for age and
clinical outcomes (pain catastrophizing, depression rating, and
state and trait anxiety scores). To examine differences in gender
distribution between the two subject groups a χ2 test incorporating Yate’s correction for continuity was used. Differences in
spectral quality parameters, absolute concentrations of metabolites, and tissue densities within the hippocampal volumes
were tested by two-way analysis of variance with the factors
hemisphere (left and right) and subject groups (IBS patients and
controls). In addition, for metabolite concentrations exhibiting significant differences between subject groups a correlation
analysis was performed in the patient group with pain indices (duration and total McGill pain questionnaire scores) and
in both subject groups with indices of emotional stress (state
and trait anxiety, catastrophizing). For metabolites of interest
(Glu, Glx, and NAA) with a priori hypothesis about the correlational relationship one-tailed tests were used if the analysis of
variance yielded significant differences between the subject
groups. In all cases, a threshold value of P < 0.05 was considered
significant.

RESULTS
Demographic and clinical information

Of the 15 IBS patients, 7 patients were diagnosed with diarrhea
predominant IBS, 6 with constipation predominant IBS, and
2 patients with mixed-type IBS. Additional demographic and
clinical information for IBS patients and healthy control subjects is provided in Table 1. The two groups were matched in
age and no difference in gender distribution was found between
IBS patients and controls. Although mean “trait” anxiety
and pain catastrophizing scores were slightly elevated in IBS
patients, none of the clinical parameters differed significantly
between the two subject groups. In accord with our exclusion
criteria, anxiety and depression scores were within the normal
range for both groups showing that all subjects were without
significant mood disturbance or psychiatric comorbidity at the
scan time.
Hippocampal volume and metabolites

No differences were found between IBS patients and healthy
controls or between hemispheres when comparing hippocampal
densities of GM (IBS-R (mean±s.d.), 0.594±0.054; IBS-L, 0.585±
0.086; Controls-R, 0.597±0.050; Controls-L, 0.599±0.054), WM
(IBS-R, 0.359±0.063; IBS-L, 0.359±0.096; Controls-R, 0.360±0.056;
Controls-L, 0.350±0.062) and CSF (IBS-R, 0.046±0.026; IBS-L,
0.053±0.022; Controls-R, 0.052±0.043; Controls-L, 0.049±0.017).
The American Journal of GASTROENTEROLOGY

An example of measured and fitted spectra from bilateral hippocampi in IBS patients and healthy controls is shown in Figure 2a and b. Hippocampal metabolite concentrations of Cho,
Cr, Glu, Glx, mI, and NAA for left and right hemispheres in the
two subject groups are listed in Table 2. A satisfactory fit for
Glu concentrations was only obtained for the left hemisphere
that showed a subsignificant decrease in concentrations for IBS
patients (one-tailed two-sample t-test, P = 0.058). The two-way
analysis of variance revealed significant differences in Glx concentrations for factors subject group (N = 13, F = 4.27, P = 0.044)
and hemisphere (F = 6.55, P = 0.014). For Cr concentrations, significance was found for the factor hemisphere (N = 15, F = 4.12,
P = 0.047). None of the other metabolites showed any significant
differences. However, a subsignificant decrease in NAA concentrations (N = 14, F = 2.32, P = 0.134) combined with a subsignificant increase in mI concentrations (N = 15, F = 1.95, P = 0.168)
resulted in a significant change of the mI/NAA ratio for subject
group (N = 14, F = 6.30, P = 0.015). The spectral quality in IBS
patients was comparable to that in healthy controls. Spectral quality also did not differ between hemispheres (Table 2). The relative
error estimate of Glx (% s.d. = 12.86±0.04%) was well within the
20% standard threshold and the absolute error estimate of Glx
was 0.99±0.36 mM.
To further examine the abnormal change in Glx concentrations
in IBS patients a correlation analysis was performed between both
bilateral Glx and left Glu concentrations and the subjective pain
scores and pain duration. Left Glu concentrations showed a negative correlation with pain duration that did not reach significance
(r = − 0.395, P = 0.081, one-tailed). None of the other tests had a
significant outcome. Finally, to examine the influence of emotional
stress on bilateral Glx and left Glu levels, correlations were performed with catastrophizing and “state” and “trait” anxiety in both
IBS patients and healthy controls. In IBS patients but not in healthy
controls both “state” anxiety (N = 15, r = − 0.751, P = 0.0006, onetailed) and catastrophizing (N = 15, r = − 0.633, P = 0.006, onetailed) exhibited a highly significant negative correlation with left
Glx concentrations (Figure 2c and d).
Validation of the water scaling method

A phantom containing a solution of 50 mM NAA was used for
validation of the water scaling method using phased array MRS
data acquisition for quantification of absolute concentrations.
Results yielded a concentration of 52.86±1.17 mM corresponding
to a mean deviation of 5.4% assuming the phantom concentration
to be exact. The variability in NAA concentration across phantom
measurements corresponded to a coefficient of variation of 2.2%.
Thus, the absolute concentrations obtained in the present study
using water scaling and LCModel can be considered reasonable
estimates with sufficient sensitivity.

DISCUSSION
In the present study, 1H-MRS was used to investigate changes
in the absolute concentrations of hippocampal neurochemical metabolites in IBS patients relative to healthy age-matched
VOLUME 104 | XXX 2010 www.amjgastro.com
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Figure 2. Representative hippocampal spectra (baseline subtracted) from (a) an irritable bowel syndrome (IBS) patient and (b) a control subject including the averaged data (dark gray), the fitted spectra from LCModel (black) and the estimated baseline (light gray). The location of the main glutamate–
glutamine (Glx) signal is marked in each spectrum. Association between left hippocampal Glx concentrations and (c) state anxiety and (d) pain catastrophizing for IBS patients (black) and control subjects (gray). Both scatterplots with regression lines demonstrate a significant negative correlation for IBS
patients only.

Table 2. Absolute metabolite concentrations (mM) and spectral quality parameters for IBS patients and healthy control subjects
Metabolite

N

IBS (R)

IBS (L)

Controls (R)

Controls (L)

Cho

15

1.84±0.33

2.03±0.44

1.89±0.37

1.87±0.45

Cre

15

4.96±1.04

6.07±1.36

5.51±1.15

5.61±1.04

Glu

14

—

5.65±1.10

—

6.35±1.17

Glx

13

7.24±1.69

8.50±2.22

8.24±1.50

9.72±2.20

mI

15

4.26±1.90

5.02±1.30

3.93±1.03

4.35±1.15

NAA

14

4.86±1.39

5.60±1.20

5.63±1.13

5.84±1.20

mI/NAA

14

0.94±0.37

0.92±0.27

0.72±0.24

0.77±0.16

FWHM

15

0.103±0.038

0.090±0.027

0.093±0.029

0.079±0.029

SNR

15

5.86±1.51

6.47±1.60

6.40±1.50

6.93±1.71

Cho, choline; Cre, creatin; FWHM, full-width at half maximum; Glu, glutamate; Glx, glutamate–glutamine; IBS, irritable bowel syndrome; L, left hemisphere;
mI, myo-inositol; NAA, N-acetyl-aspartate, SNR, signal-to-noise ratio; R, right hemisphere.
Note: values are given as mean ± s.d. See text for further details.

controls. According to the inception interview and assessment
with inventories, the patient group was without psychiatric comorbidity. Psychiatric factors are potentially confounding since they
may affect regulation of the HPA axis. No differences in tissue
© 2011 by the American College of Gastroenterology

composition of the sampled volumes were observed between
subject groups and hemispheres, suggesting comparable hippocampal GM densities in the two groups. The main finding of this
study was the presence of abnormal hippocampal glutamatergic
The American Journal of GASTROENTEROLOGY
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neurotransmission in IBS patients as shown by the reduction in
Glx. Furthermore, in patients Glx concentrations were inversely
related to emotional stress indicators. This coupling was not
observed in healthy individuals.
Hippocampal excitability is affected by a variety of neuromodulators. Perhaps, the most well-known example is the stress-dependent secretion of cortisol from the adrenal cortex into circulation via
a cascade response initiated in the hypothalamus. Cortisol stimulates excitatory Glu release from hippocampal neurons (20,46).
Once released, Glu is removed from the synaptic cleft and recycled
via glial cells by converting it into Gln, which is transported back
into the neurons and then converted back into Glu (47). Hence,
the Glu–Gln cycle between glial cells and neurons is considered
a marker for regulation of synaptic activity. The Gln and Glu
signal measured by 1H-MRS arises from neuronal and non-neuronal cells and from intracellular and extracellular spaces. A decrease
in Glx (Gln + Glu) as observed in this study may therefore not only
represent reduced synaptic activity/hippocampal excitation but
also a general perturbation/downregulation of the Glu–Gln cycle
between neurons and glial cells.
Our finding of reduced Glx in IBS patients on the one hand and
comparable levels in the two subject groups of anxiety, depression and pain catastrophizing on the other hand suggest that this
reduction could be a result of the chronic pain. This is further
supported by the indicated inverse relationship between Glu and
pain duration. Two related mechanisms may account for reduced
glutamatergic neurotransmission (1): hippocampal remodeling
and (2) altered modulatory feedback to hippocampus. Prolonged
exposure to stress may result in remodeling of hippocampal
structure and function (20,46). Excitatory amino acids such as
glutamate are known to have an important role in this remodeling (46). It is conceivable that the reduced hippocampal Glx
observed in this study is a response to excessive excitatory input
and serves to avoid potential excitotoxicity in order to maintain homeostasis. There are indications in animal models that
repeated stress increases the efficiency of glutamate release. To
avoid excitotoxic damage dendritic atrophy occurs as a compensatory response resulting in the loss of glutamatergic synapses
(46,48). Such a loss may be accompanied by downregulation in
the Glu–Gln cycle. Glial proliferation, as suggested by the elevated
mI/NAA ratio in IBS patients, further indicate abnormal hippocampal remodeling/damage. Interestingly, Glx was inversely
related to emotional stress indicators in patients, only. Together
with the comparable levels of anxiety, depression and pain catastrophizing in the two subject groups, this suggests that hippocampal glutamatergic neurotransmission in our patient group is
influenced by emotional stress rather than causing altered mood.
Such a coupling may provide the substrate for enhanced sensitivity to stress or emotional arousal as observed in IBS patients. As
the emotional stress indices used in this study are related to the
concurrent state, the influence of early-life stressors and chronic
stress remains to be elucidated.
A causal relationship between hippocampal glutamatergic
neurotransmission and modulatory feedback to the hippocampus cannot be established in the present study due to the
The American Journal of GASTROENTEROLOGY

absence of neuroendocrine measures. Interpretation of existing reports is made difficult by conflicting results possibly due
to methodological differences and mixed symptomatology.
However, even in IBS patients without psychiatric comorbidity
results remain inconclusive (15,16,49,50). It, therefore, remains
possible that the hippocampal glutamatergic hypofunction
observed in this study could result from a generally impaired
HPA axis tone or it could represent compensatory mechanisms
of adaption to enhanced glucocorticoid feedback. In addition,
reduced hippocampal glucocorticoid sensitivity may be a contributing mechanism.
Alterations in hippocampus and HPA axis dysfunctions are not
unique to IBS. Early-life trauma and post-traumatic stress disorder
are associated with elevated central levels of corticotrophin-releasing factor, reduced basal cortisol levels, and elevated cortisol levels
in response to the dexamethasone suppression test (51–53). These
findings are indicative of elevated hypothalamic corticotrophinreleasing factor levels possibly as a result of reduced negative cortisol feedback to the hippocampus. The dexamethasone suppression
test further suggests enhanced responsiveness to negative cortisol
feedback at the pituitary level (54). Also, reduced hippocampal
glucocorticoid receptor expression was found in victims of childhood abuse which further supports impaired negative feedback
to the HPA axis (55). Other congruent findings include reduced
hippocampal volume (56–58) and reduced levels of hippocampal
NAA (59). Although early-life trauma is highly prevalent in IBS
(60), findings in IBS patients without psychiatric comorbidity do
not match those described above possibly due to the absence of
early-life stressors. For example, plasma cortisol was found to be
normal in response to the dexamethasone suppression test in IBS
patients with (14) and without (49) psychiatric comorbidity. Moreover, we did not find any difference in NAA concentrations and
a change in hippocampal GM densities is neither supported by a
recent voxel-based morphometry study (61) nor our results. This is
congruent with early-life trauma resulting in a distinct HPA profile
that separates it from major depression without early-life trauma
and other chronic stress types (51–53).
Our data may not only be interpreted in the context of general
stress mechanisms. Hippocampal glutamatergic neurotransmission also contributes to cognition, anxiety, and pain (17,21,62).
However, a reduction in glutamate, as observed in this study,
would likely be associated with an analgesic (21,22) or anxiolytic
(62) effect in conjunction with a positive relationship with pain
duration and subjective pain and anxiety scores. This is incongruent with our findings and the presence of substantial abdominal
pain in the patient group. Although it is not possible to exclude
subtle cognitive impairment from the interpretation, as chronic
stress and blocking of glutamate receptors have a negative impact
(20,62), evidence does not support this in the majority of IBS
patients (63). Also metabolites were obtained from voxels excluding the upper most dorsal portion of the hippocampus, which has
a preferential role in cognition (17).
Several issues pertaining to the reproducibility and limitations
of our findings need to be discussed. Since the actual in vivo
concentrations are unknown, phantom experiments can be used
VOLUME 104 | XXX 2010 www.amjgastro.com
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populations separating the different subtypes of IBS patients are
warranted.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE

3Hypersensitivity to visceral stimuli and enhanced stress
responsiveness are important pathophysiological factors in
irritable bowel syndrome (IBS).

3The hippocampus is a key brain region in the control of
responsiveness to pain, anxiety, and stress.
3The hippocampus exerts negative feedback upon the
hypothalamic-pituitary-adrenal axis.
3The hippocampus is functionally and structurally among the
most sensitive brain regions affected by prolonged stress.
WHAT IS NEW HERE

3Irritable bowel syndrome (IBS) patients had abnormal
hypofunction of excitatory hippocampal glutamatergic
neurotransmission.

3IBS patients had an elevated hippocampal myo-inositol/Nacetyl-aspartate ratio, indicating glial cell proliferation and
hippocampal damage.

3The inverse relationship between [Glx] and emotional stress
indicators in IBS patients is in agreement with the inhibitory role of hippocampus on the stress system and suggests
a sensitization of the mechanism to emotional arousal.

3Evidence is provided for perturbed hippocampal excitability
and structural and functional remodeling.
3Findings support an imbalance in stress regulatory brain
regions in IBS patients.
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