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Background: Meal ingestion is often associated with exacerbation of gastrointestinal symptoms in
subjects with irritable bowel syndrome (IBS). Furthermore, recent preliminary data suggest that
5-hydroxytryptamine (5-HT) concentration in platelet poor plasma is elevated following meal ingestion
in some subjects with diarrhoea predominant IBS (d-IBS) compared with healthy subjects, although it is
not known whether this is related to postprandial symptomatology.
Aim: To expand on previous data by evaluating a larger number of subjects but also to assess plasma
5-hydroxyindole acetic acid (5-HIAA) concentrations, 5- HT turnover, platelet 5-HT stores, and any
relationship to symptomatology.
Methods: We assessed platelet depleted plasma 5-HT and 5-HIAA concentrations for two hours (60
minute intervals) under fasting conditions, and then for a further four hours (30 minute intervals) after a
standard carbohydrate meal (457 kcal), together with fasting platelet 5-HT concentrations in 39 female
subjects with d-IBS (aged 19–52 years; mean age 33) and 20 healthy female volunteers (aged 20–46
years, mean age 28). IBS symptomatology, in particular abdominal pain and bloating, and urgency to
defecate were assessed throughout the study
Results: When related to fasting levels, there was no statistically significant difference in postprandial
plasma 5-HT concentrations between d-IBS and healthy subjects. However, when fasting levels were
not taken into consideration, d-IBS subjects exhibited higher postprandial plasma 5-HT concentrations
compared with healthy subjects (p=0.040). Furthermore, d-IBS subjects who exhibited postprandial
symptomatology had higher levels of postprandial plasma 5-HT, whether assessed with respect to fast-
ing baseline levels (p=0.069) or not (p=0.047), compared with d-IBS subjects who did not report
postprandial symptomatology. This appeared to be associated with a concomitant increase in plasma
5-HIAA (p=0.161) but reduction in turnover (p=0.058). Lastly, d-IBS subjects had higher platelet con-
centrations of 5-HT than healthy subjects (p=0.009).
Conclusions: These data suggest that postprandial symptomatology may be associated with increased
platelet depleted plasma 5-HT concentrations in female subjects with d-IBS. In addition, the presence
of increased platelet stores of 5-HT may act as a useful marker for the diagnosis and management of
d-IBS.

Many subjects with irritable bowel syndrome (IBS)
report exacerbation of their symptoms, particularly
abdominal pain and gas, following food ingestion.1 2

This appears to be especially associated with meals rich in car-
bohydrates and fat,1 as well as being more common in those
subjects who are female and/or anxious.2

Although the pathogenesis of symptoms remains unclear,
prolonged and exaggerated colonic motor responses following
meal ingestion have been reported in subjects with IBS
compared with healthy controls,3–5 especially in those reporting
postprandial pain.6 Other studies have shown increased jejunal
sensitivity to balloon distension after feeding7 and jejunal lipid
infusion8 in subjects with IBS. A similar response was not
reported with electrical stimulation however, suggesting that
lipids selectively modulate the mechanosensory pathways.8

5-Hydroxytryptamine (5-HT), found predominantly within
the gastrointestinal tract (80% of body 5-HT), both in
enteroendocrine cells (95%) and enteric neurones (5%), is
known to play a significant role in the control of gastro-
intestinal motility, sensation, and secretion.9 10 Released by
neuronal, chemical, or mechanical stimulation, it acts via a
variety of 5-HT receptors either directly, for example on the
muscle or enterocytes themselves, or indirectly through, for

example, vagal afferent fibres and enteric neurones to modu-
late gastrointestinal function. 5-HT found in the blood is
almost entirely derived from the gastrointestinal tract11 where
it is either rapidly taken up by platelets,12 which consequently
contain the majority of 5-HT in peripheral blood, or is
metabolised by the liver and kidney to its metabolite 5-
hydroxyindole acetic acid (5-HIAA).13 Concentrations of 5-HT
in platelet depleted plasma will therefore more accurately
reflect transient changes in concentration whereas those in
platelets might be more indicative of any change over time.

Pilot data have suggested that the concentration of 5-HT in
platelet poor plasma appears to be higher in female subjects
with diarrhoea predominant IBS (d-IBS) compared with
healthy subjects under fed conditions,14 suggesting a possible
role for 5-HT in postprandial symptoms and may be even the
disordered motor and sensory function seen in some of these
subjects. IBS symptomatology however was not assessed in
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these studies and the number of subjects was small. Further-
more, the groups were not sex matched (only one of the
healthy subjects was female) and as recent data indicate that
5-HT turnover may be reduced in healthy females compared
with males,15 this may have influenced their results.

The aim of this study was to measure platelet depleted
plasma 5-HT and its metabolite 5- HIAA concentrations in a
much larger group of female subjects with d-IBS and healthy
subjects under both fasting and fed conditions, and to exam-
ine the relationship between postprandial IBS symptomatol-
ogy and 5-HT/5-HIAA concentrations. In addition, as platelets
possess an avid uptake mechanism to extract 5-HT from
plasma,12 fasting platelet stores of 5-HT were assessed in both
IBS and healthy subjects.

MATERIALS AND METHODS
Subjects
The study (protocol number S3B30007) was carried out on 39
female subjects with d-IBS, diagnosed according to the Rome II
criteria16 (mean years since first diagnosis was 6.91 years), aged
19–52 years (mean 33.4), and 20 healthy female subjects aged
20–46 years (mean 28.2). No subject had coexistent disease and
all had normal haematology, biochemistry, urinalysis, and
sigmoidoscopy, together with a normal colonoscopy or barium
enema if aged over 40 years. All healthy subjects had normal
laboratory investigations (as above) and negative toxicology for
substances of abuse. Subjects were excluded if they had: a his-
tory of gastrointestinal surgery (other than appendectomy,
cholecystectomy, and hiatus hernia repair); gastrointestinal
symptoms related to or exacerbated by consumption of milk or
milk products; or were taking drugs that might modify either
gastrointestinal function or the 5-HT system, such as analgesic
medication, tranquillisers, or antidepressants. Subjects were
excluded if they were pregnant, breast feeding, or hysterect-
omised, and had to be postpuberty and premenopausal. As
there is evidence that steroid ovarian hormones might affect the
5-HT system,17 all subjects were studied during the luteal phase
of the menstrual cycle (high progesterone and oestrogen) or
while taking combined (non-phased) oestrogen/progesterone
contraceptive medication. All medications and cigarette smok-
ing were prohibited for 48 hours prior to the study while alcohol
and caffeine containing drinks were stopped 24 hours before
the study. All subjects drank below the recommended safe alco-
hol limit (<21 units/week), smoked <5 cigarettes per day, and
had not participated in a clinical trial of any drug within the
previous 30 days.

The study was powered using data (median and range of
peak plasma 5-HT values) obtained from Bearcroft and
colleagues14 which suggested that there was considerably
more variation in platelet poor plasma 5-HT levels in IBS sub-
jects compared with healthy subjects, that these data were
skewed, and as such potentially not normally distributed. Tak-
ing these factors into account and that any estimate of stand-
ard deviation using range data assumes normality, a
conservative estimate of a standard deviation of 440 nmol/l
was used. Using this estimate in the sample size calculation
with 80% power, 39 subjects were required per group to detect
a difference of 280 nmol/l between IBS and healthy subjects at
a statistically significant level of 5%. However, as the variabil-
ity in peak 5-HT values is considerably lower in healthy
subjects, it was considered reasonable to restrict the number
of these to 2:1 in favour of IBS subjects. Thus we aimed to
recruit approximately 39 female d-IBS subjects and 19 female
healthy subjects. It was also considered that loss of power
resulting from the unequal allocation was adequately com-
pensated for by using the conservative estimate of the stand-
ard deviation and as such the design was sufficiently powered
to evaluate the aims of the study.

The study was approved by South Manchester Medical
Research Ethics Committee and all subjects gave written
informed consent.

Study design
After an overnight fast, subjects attended the Clinical Investi-
gations Unit and an arm vein was cannulated. Blood (9 ml)
was taken via vacutainer containing 0.3 ml citrate solution at
0 hours for platelet count and 5-HT/5-HIAA analysis. Further
5 ml blood samples for 5-HT and 5-HIAA analysis were taken
at hourly intervals for two hours under fasting conditions and
at half hourly intervals for a further four hours following
ingestion of a standard carbohydrate rich meal consisting of
200 g spaghetti (Heinz, Stockley Park, Uxbridge, UK), two
medium slices of toast, a jam and fresh cream scone (Marks
and Spencer, London, UK), and 200 ml water (totalling 65.5 g
carbohydrate, 12 g protein, 16 g fat, calorie content of 457
kcal) which was consumed within 10 minutes.

Symptomatology was assessed on attendance at the labora-
tory with the question “Is your IBS active at the moment?” In
addition, at hourly intervals (0, 1, 2, 3 hours, etc) throughout
the study, questions targeting the presence and severity of
abdominal pain/discomfort, bloating, and bowel urgency were
asked, for example “In the past hour have you experienced
abdominal pain/discomfort?”. If the subjects reported “yes”,
they were then asked to grade the severity of that symptom
using the scale 1=mild, 2=moderate, 3=intense, and 4=se-
vere. A worsening of symptoms with meal ingestion was
defined as an increase in symptom score of at least 1.

Analysis of platelet depleted plasma concentration of
5-HT and 5-HIAA
Collected blood (t=−1 to 4 hours post meal) was transferred to
tubes containing 0.5 ml of 3.12% trisodium citrate and centri-
fuged (room temperature) twice to ensure no platelet
contamination of supernatant; initially at 2500 rpm for 10
minutes and then at 4000 rpm for a further 10 minutes. Plate-
let depleted plasma was aspirated and duplicate samples
stored at −70°C for later batch analysis. 5-HT and 5-HIAA con-
centrations were measured in duplicate using high perform-
ance liquid chromatography with fluorometric detection.18–20

All samples were analysed blind to subject status.
The sensitivity of the high performance liquid chromatogra-

phy system for the detection of 5- HT and 5-HIAA (based on
50 µl injection volume) was at least 5 nmol/l, with a signal to
noise ratio of greater than 10 and a coefficient of variation
(CV) <20%. The intra-assay CVs for controls for 30.10 nmol/l
and 55.66 nmol/l of 5-HT were 4.6% and 4.3%, respectively,
and the inter-assay CVs at the same levels of 5-HT were 6.2%
and 6.4%. The intra-assay CVs for controls for 26.15 nmol/l
and 52.82 nmol/l of 5-HIAA were 5.2% and 4.9%, respectively,
and the inter-assay CVs were 6.7% and 6.3%.

To ensure that there had been no platelet activation and/or
leakage due to errors in blood collection and preparation,
thromboxane β2 (a platelet activation marker) was measured
in platelet depleted plasma using a commercial ELISA method
(Amersham Life Science Ltd, Bucks, UK).21 The
β-thromboglobulin detection limit was 0.1 fg per well which
equates to less than 0.1% of platelet activation.

Analysis of platelet 5-HT levels
Blood collected at t=0 was transferred to a tube containing 0.9
ml of 3.13% trisodium citrate and initially spun only once at
900 rpm for five minutes. One aliquot of aspirated platelet rich
plasma was then used to assess platelet count (Advia Centaur
Analyser; Bayer Ltd, Berks, UK) while additional duplicate
samples were used for 5-HT analysis of platelet rich plasma,
and following further centrifugation (as above) for analysis of
platelet depleted plasma 5-HT/5-HIAA concentrations.

Analysis of sex hormone levels
Plasma concentrations of the female sex hormones oestrogen,
progesterone, follicular stimulating hormone, luteinising hor-
mone, and combined oral contraceptive pill component drugs
were assessed at t=0 by a commercial immunoassay system
on an Advia Centaur Analyser (Bayer Ltd).
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Data and statistical analysis
The following end points were analysed for 5-HT and 5-HIAA
platelet depleted plasma concentrations:

(i) Fasting concentration, calculated as the average of the pre-
prandial measurements.

(ii) Ratio to fasting baseline area under the postprandial
concentration/time curve. This was calculated as the area
under the postprandial concentration curve (AUC) versus
time, divided by fasting concentration multiplied by four.

(iii) Peak postprandial concentration.

Other end points included platelet 5-HT concentration, area
under the postprandial 5-HT concentration/time curve (not
referenced to fasting baseline), fasting 5-HT turnover, and
ratio to baseline area under the postprandial 5-HT turnover/
time curve.

Linear models were fitted to the log transformation of the
above variables. All models included terms for subject group
and age, and analysis of ratio to fasting baseline AUC and peak
postprandial concentration also included a term for fasting
concentration. The effect of the hormones noted above was
assessed and included in the model where appropriate. All
models were checked for the validity of model assumptions.

In addition, the time to peak postprandial concentration
was analysed non-parametrically for both platelet depleted
plasma 5-HT and 5-HIAA using a Wilcoxon’s rank sum test.

RESULTS
Symptomatology
All d-IBS subjects reported that their IBS was active at the
time of investigation, with 78% reporting a bowel frequency of

3–5 per day and 22% a bowel frequency of >5 per day. In addi-
tion, 94% of patients reported a history of loose to watery
stools and 89% a frequent sensation of urgency before defeca-
tion. On the day of the study, 22 (56%) patients reported
symptoms immediately before and 31 (79%) reported
symptoms following ingestion of the meal. Of the 31 d-IBS
subjects who reported symptoms postprandially, 28 (90%)
exhibited worsening of symptoms compared with their

Figure 1 Profile of overall symptom score with respect to meal
ingestion (t=0) in female diarrhoea predominant irritable bowel
syndrome (d-IBS) subjects with (+) and without (−) postprandial
symptoms, and in healthy female subjects. Data are means and 95%
confidence interval.
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Table 1 Comparison of platelet depleted plasma 5-hydroxytryptamine (5-HT) and 5-hydroxyindole acetic acid
(5-HIAA) concentrations, and turnover, between female subjects with diarrhoea predominant irritable bowel syndrome
(d-IBS) and healthy subjects

d-IBS (n=39) Healthy (n=20) Ratio d-IBS to healthy p Value

5-HT concn
Fasting (nmol/l) 28.00 25.45 1.10 (0.90,1.34) 0.348
Fed AUC 1.73 1.51 1.15 (0.88,1.49) 0.306
Fed peak (nmol/l) 76.11 87.81 0.87 (0.59,1.27) 0.458

5-HIAA concn
Fasting (nmol/l) 28.24 27.20 1.04 (0.90,1.19) 0.595
Fed AUC 1.40 1.19 1.18 (1.00,1.39) 0.048
Fed peak (nmol/l) 53.50 47.23 1.13 (0.87,1.48) 0.350

Turnover (ratio 5-HIAA:5-HT)
Fasting 1.02 1.09 0.94 (0.85,1.05) 0.260
Fed AUC 0.87 0.90 0.96 (0.86,1.08) 0.512

Platelet 5-HT (nmol/109 platelets)
Fasting 2.25 1.83 1.23 (1.05,1.43) 0.009

Results are adjusted geometric means (95% confidence interval).
AUC, ratio to fasting baseline area under the postprandial concentration/time curve.

Figure 2 Profiles of 5-hydroxytryptamine (5-HT) and
5-hydroxyindole acetic acid (5- HIAA) concentrations and turnover
with respect to meal ingestion (t=0) in female subjects with diarrhoea
predominant irritable bowel syndrome (d-IBS) and healthy female
subjects. Data are geometric means and 95% confidence interval.
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pre-meal status, with symptoms peaking approximately one
hour after the meal and remaining elevated for over three
hours (fig 1). In contrast, none of the healthy subjects
reported any symptoms before ingestion of the standard meal,
and only two reported symptoms postprandially (fig 1).

Platelet depleted plasma 5-HT concentrations
Under fasting conditions, the concentration of platelet
depleted plasma 5-HT in d-IBS subjects was not significantly
different from that of healthy subjects (table 1, fig 2), although
as can be seen from fig 3 d-IBS subjects tended to have higher
fasting concentrations. Ingestion of the meal increased the
concentration of platelet depleted plasma 5-HT in both IBS
and healthy subjects but there was no significant difference in
the ratio to fasting baseline area under the postprandial
concentration/time curve (AUC) between the two groups (fig
2, table 1). Assessment of the area under the postprandial
5-HT concentration/time curve only (not referenced to fasting
baseline) however, showed that d- IBS subjects had higher
postprandial concentrations than healthy subjects (d-IBS
subjects: 211.3 h×nmol/l, adjusted geometric mean v healthy
subjects: 151.1 h×nmol/l; p=0.040) (fig 4). Furthermore, the
peak postprandial platelet depleted plasma 5-HT concentra-
tion occurred earlier in d-IBS patients compared with healthy
subjects (IBS subjects: 158 (59) minutes (mean (SD)) v
healthy subjects: 188 (70) minutes; p=0.041) and was associ-
ated with significantly more of the d-IBS subjects reaching a
peak 5-HT concentration within the four hours post meal than
in healthy subjects (34/39 v 10/19; p<0.004).

Subjects with d-IBS who reported symptoms following the
meal tended to exhibit higher concentrations of postprandial
platelet depleted plasma 5-HT relative to fasting concentrations
compared with those who did not report postprandial symp-
toms (p=0.069) (fig 5, table 2). This was also seen when com-
paring the area under the postprandial plasma 5-HT
concentration/time curves only (not referenced to fasting base-
line) for d-IBS subjects with, compared with those without,
postprandial symptoms (d-IBS subjects with symptoms: 227.2
h×nmol/l, adjusted geometric mean v d-IBS subjects without
symptoms: 149.9 h×nmol/l; p=0.047) (fig 4). Likewise, the peak
postprandial platelet depleted plasma 5-HT concentration

tended to be higher in d-IBS subjects with symptoms compared
with those without symptoms (p=0.079) (table 2). There was
no difference in the time to postprandial plasma peak (d-IBS
subjects with symptoms: 160 (61) minutes (mean (SD)) v d-IBS
subjects without symptoms: 150 (53) minutes; p=0.659) or
fasting concentrations of platelet depleted plasma 5-HT
between d-IBS subjects who either did or did not go on to report
postprandial symptoms (table 2). Similar data were obtained
when comparing d-IBS subjects who either did or did not
exhibit a worsening of symptoms following meal ingestion
compared with their pre-meal status (fig 6).

Platelet depleted plasma 5-HIAA concentrations
Under fasting conditions, the concentration of platelet
depleted plasma 5-HIAA in d-IBS subjects was not signifi-
cantly different from that of healthy subjects (fig 2, table 1).
Ingestion of the standard meal was associated with higher
concentrations of platelet depleted plasma 5-HIAA, relative to
fasting, in d-IBS subjects compared with healthy subjects
(postprandial:fasting AUC: p=0.048) but no difference in
peak postprandial concentration (table 1) or time to this peak
(d-IBS subjects: 184 (62) minutes (mean (SD)) v healthy sub-
jects: 204 (50) minutes; p=0.209) between the two groups.

Although there was a tendency for d-IBS subjects with
postprandial symptoms to have a higher peak platelet
depleted plasma 5-HIAA concentration and an increased ratio
to fasting baseline area under the postprandial 5-HIAA
concentration/time curve (AUC) compared with d-IBS sub-
jects without symptoms, these differences did not achieve sta-
tistical significance (fig 5, table 2). In addition, there was no
statistically significant difference in either the time to
postprandial 5-HIAA peak (d-IBS subjects with postprandial
symptoms: 183 (66) minutes (mean (SD)) v d-IBS subjects
without symptoms: 188 (45) minutes; p=0.830) or fasting
concentrations of platelet depleted plasma 5-HIAA (fig 5, table
2) between d-IBS subjects who either did or did not report
postprandial symptoms or between d-IBS subjects who either
did or did not report worsening of symptoms following meal
ingestion compared with pre-meal status (fig 6).

Figure 3 Individual plots of values for fasting concentrations of
platelet depleted plasma 5-hydroxytryptamine (5-HT) in female
subjects with diarrhoea predominant irritable bowel syndrome
(d-IBS), and healthy subjects.
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Figure 4 Individual plots of values for area under the postprandial
5-hydroxytryptamine (5-HT) concentration/time curve (not
referenced to fasting levels) in female subjects with diarrhoea
predominant irritable bowel syndrome (d-IBS) with (+) and without
(−) postprandial symptoms and in healthy subjects.
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5-HT turnover (ratio 5-HIAA: 5-HT)
There was no significant difference in 5-HT turnover under
fasting and fed conditions between d-IBS and healthy subjects
(fig 2, table 1). However, d-IBS subjects with postprandial

symptoms appeared to have a lower turnover than those
without symptoms, as measured by the ratio to fasting
baseline area under the postprandial turnover curve

Figure 5 Profiles of 5-hydroxytryptamine (5-HT) and
5-hydroxyindole acetic acid (5- HIAA) concentrations and turnover
with respect to meal ingestion (t=0) in female subjects with diarrhoea
predominant irritable bowel syndrome (d-IBS) with (+) and without
(−) postprandial symptoms. Data are geometric means and 95%
confidence interval.
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Table 2 Comparison of platelet depleted plasma 5-hydroxytryptamine (5-HT) and 5-hydroxyindole acetic acid
(5-HIAA) concentrations, and turnover, between female subjects with diarrhoea predominant irritable bowel syndrome
(d-IBS) with and without postprandial (pp) symptoms

With pp symptoms (n=31) Without pp symptoms (n=8)
Ratio with to without
pp symptoms p Value

5-HT concn
Fasting (nmol/l) 29.20 28.57 1.02 (0.81,1.30) 0.851
Fed AUC 1.78 1.26 1.41 (0.97,2.05) 0.069
Fed peak (nmol/l) 87.59 54.58 1.61 (0.94,2.73) 0.079

5-HIAA concn
Fasting (nmol/l) 28.87 28.87 1.00 (0.84,1.19) 0.989
Fed AUC 1.43 1.21 1.18 (0.93,1.49) 0.161
Fed peak (nmol/l) 57.32 44.77 1.28 (0.88,1.86) 0.192

Turnover (ratio 5-HIAA:5-HT)
Fasting 1.00 1.02 0.98 (0.88,1.09) 0.664
Fed AUC 0.86 1.01 0.85 (0.73,1.01) 0.058

Platelet 5-HT (nmol/109 platelets)
Fasting 2.18 2.36 0.92 (0.76,1.13) 0.416

Results are adjusted geometric means (95% confidence interval).
AUC, ratio to fasting baseline area under the postprandial concentration/time curve.

Figure 6 Profiles of 5-hydroxytryptamine (5-HT) and
5-hydroxyindole acetic acid (5- HIAA) concentrations and turnover
with respect to meal ingestion (t=0) in female subjects with diarrhoea
predominant irritable bowel syndrome (d-IBS) with (+) and without
(−) worsening of postprandial symptomatology. Data are geometric
means and 95% confidence interval.
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(p=0.058) (fig 5, table 2). Again, similar data were obtained
when comparing d-IBS subjects who either did or did not
exhibit worsening of symptoms following meal ingestion
compared with their pre-meal status (fig 6).

Platelet 5-HT concentration
Subjects with d-IBS had significantly larger stores of platelet
5-HT compared with healthy subjects (p=0.009) (table 1, fig
7). However, there was no difference in stores between d-IBS
subjects with and without postprandial symptoms (table 2).
In addition, those patients with the highest platelet concen-
trations of 5-HT did not differ with respect to their clinical
history or symptom severity on the day of the study to those
patients who had lower platelet concentrations of 5-HT.

β-Thromboglobulin
β-Thromboglobulin was undetectable in all samples assessed.

DISCUSSION
Our results have shown for the first time that symptom exac-
erbation following meal ingestion in female subjects with
d-IBS is associated with increased levels of plasma 5-HT,
together with a reduction in 5-HT turnover. In addition, base-
line platelet stores of 5-HT are elevated in female subjects with
d-IBS compared with healthy subjects, supporting increased
exposure of platelets to 5-HT in the systemic circulation.

It has previously been shown in normal healthy volunteers
that a carbohydrate rich meal is a good stimulus for increased
platelet poor plasma 5-HT concentrations.22 Our data confirm
this observation, but in addition have shown that this is asso-
ciated with a concomitant increase in its metabolite 5-HIAA
but a reduction in 5-HT turnover overall (fig 2). This suggests
that postprandially, 5-HT synthesis and/or its release from
enteroendocrine cells, was in excess of its metabolism and
uptake by both platelets and endothelia. It is unlikely that any
increase in plasma osmolarity, glucose concentration, or circu-
lating hormones following the meal caused leakage of 5-HT
from platelets into the plasma, as no thromboxane β2 (an
activation/leakage marker) was detected in any of the samples
assessed. Lack of plasma thromboxane β2 together with the

observation that both 5-HT and 5-HIAA concentrations were
relatively similar and stable within subjects during the two
hours prior to the meal, and similar to previous studies,15 18 19

also provides support that both the blood collection and
preparation techniques were adequate.

In contrast with Bearcroft and colleagues14 who showed
that postprandially plasma 5-HT concentrations were higher
in female d-IBS subjects compared with healthy subjects, we
did not find a similar increase when comparing postprandial
plasma 5-HT concentrations relative to fasting concentrations.
This is due to the different statistical approaches employed in
analysing the data. Bearcroft and colleagues14 performed a
non-parametric analysis on the area under the postprandial
concentration/time curve only as they could not detect fasting
5- HT levels, whereas our study, which involved a large number
of subjects, enabled us to use a linear modelling approach
allowing us to take into account various factors (for example,
fasting levels, sex hormones, etc) that might influence
postprandial levels of platelet depleted plasma 5-HT. Using
this approach we found that fasting levels significantly
affected modelling of the postprandial area under the
concentration/time curve, and this was equivalent to analys-
ing the ratio to fasting baseline area under the curve.
Consequently, any difference seen under postprandial condi-
tions (fig 4) is influenced by differences in fasting levels (figs
2, 3). Indeed, when we analysed the area under the postpran-
dial concentration/time curve without taking into account
fasting levels (as was done by Bearcroft and colleagues14) we
were able to reproduce their results (p=0.040). The elevated
postprandial platelet depleted plasma 5-HT concentration
found in d-IBS compared with healthy subjects was further
supported by our observations that plasma 5-HIAA concentra-
tion was also significantly higher while turnover (ratio
5-HIAA:5-HT) was similar in d-IBS compared with healthy
subjects. Furthermore, our new and potentially important
observation that an excessive increase in plasma 5-HT appears
to be related to expression of symptoms may have affected the
overall comparison of d-IBS compared with healthy subjects,
as not all d-IBS subjects reported symptoms.

Previous studies attempting to address the relationship
between plasma 5-HT levels and functional gastrointestinal
symptoms have been inconclusive, with one showing that only
approximately 14% of subjects with severe gastrointestinal
symptoms of a functional but poorly defined nature have
elevated levels of plasma 5-HT23 and another showing only a
slightly higher plasma 5-HT concentration in subjects with
diarrhoea and abdominal pain.24 Both studies however were
carried out under fasting conditions on a heterogeneous group
of subjects with functional gastrointestinal disease and did
not concurrently assess symptomatology and plasma 5-HT
levels.

Measurement of platelet depleted plasma 5-HT concentra-
tion following a stimulus, such as a meal, may be important as
metabolism and platelet uptake of 5-HT in plasma might
make differentiation of plasma 5-HT levels between IBS and
healthy subjects difficult under basal fasting conditions.
Indeed, although our data may indicate that subjects with
d-IBS tend to have higher concentrations of fasting platelet
depleted plasma 5-HT, the study was not powered to be able to
detect this difference. This is also in part supported by the fact
that symptoms1 2 and abnormalities in motility, particularly
those in the colon,25 appear to be more consistently reported
under fed than fasting conditions in subjects with IBS, which
may indicate that any abnormalities in plasma 5-HT
concentrations are more readily observed under these
conditions. Potential differences in small and large bowel
motility between subjects with different functional gastro-
intestinal disorders, and between IBS subjects who have a
diarrhoea versus a constipation predominant bowel habit,25–28

also implies that the precise nature of functional disorder
under study needs to be carefully identified. Lastly, reports

Figure 7 Individual plots of values for platelet 5-hydroxytryptamine
(5-HT) concentration in female subjects with diarrhoea predominant
irritable bowel syndrome (d-IBS) and healthy subjects.
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that age, sex, and sex hormone status may affect plasma 5-HT
concentration1 15 17 indicates that these should also be matched
when comparing different groups of subjects.

In addition to the observation that subjects with postpran-
dial symptoms have elevated concentrations of plasma 5-HT,
we have shown they also have a trend for increased plasma
levels of its metabolite 5-HIAA compared with subjects with-
out symptoms. Despite this however, turnover was signifi-
cantly reduced suggesting that the synthesis and/or release
from enteroendocrine cells of 5-HT was in excess of its
metabolism and uptake by platelets and endothelia during the
four hours after the meal. Whether these differences reflect
increased synthesis and/or release of 5-HT which is in access of
normal metabolism rates and/or reuptake, or whether there is
an abnormality in the metabolism and/or reuptake mecha-
nisms, cannot be elucidated from this study. Interestingly,
platelet concentrations of 5-HT were significantly higher in
the d-IBS group compared with the healthy group, supporting
their increased but possibly intermittent exposure to excessive
concentrations of plasma 5-HT. This increased platelet
concentration of 5-HT could result from the presence of a
serotonin transporter gene polymorphism that leads to greater
5-HT uptake as there is some evidence to suggest that
serotonin transporter polymorphisms may be associated with
different bowel habit types and influence drug treatment
response in some subjects with IBS.29 30 However, our observa-
tion that fasting plasma 5-HT concentrations tend to be higher
in d-IBS compared with healthy subjects may argue against
this hypothesis. The apparent lack of relationship between
platelet 5-HT concentration and clinical history and/or symp-
tom severity on the day of study probably reflects the fact that
platelet 5-HT levels are a consequence of a combination of
factors, such as disease severity, carbohydrate/fat consump-
tion, and/or stress/anxiety levels over a period of time. Given
that platelet 5-HT concentration is entirely due to active
transport of 5-HT from the circulation, as platelets cannot
synthesise 5-HT, and that platelet levels may be a more reliable
indicator of excessive but intermittent release of 5- HT than
plasma levels, this suggests that platelet 5-HT concentrations
may have a potential role to play as a marker in the diagnosis
and management of d-IBS. This would be similar to the way
glycosylated haemoglobin is used to reflect mean blood
glucose concentration over a prolonged time period in patients
with diabetes mellitus.31

Exactly why food on some but not other occasions leads to
excessive increases in plasma 5-HT cannot be elucidated from
the present study but it is of interest that this may occur in a
manner that is consistent with the irregularity of postprandial
symptoms. It is unlikely that this is related to differences in
gastrointestinal transit time as the time to peak plasma 5-HT
concentration and the shape of the concentration/time curves
were similar between d-IBS subjects with and without
postprandial symptoms. However, the whole d-IBS group who
might be expected to have an accelerated transit compared
with healthy subjects32 exhibited a peak in their plasma 5-HT
concentration slightly before the healthy group, although the
significantly greater area under the postprandial 5-HT
concentration curve (not referenced to fasting) in patients
compared with controls would still suggest that these
differences in plasma 5-HT are not solely due to accelerated
transit. A further possibility is that stress, which is known to
exacerbate symptoms33 and motility,34 and release of 5-HT35

might have acted as a concomitant stimulus with food to
release 5-HT from the enteroendocrine cells in d-IBS subjects
presenting with than without postprandial symptoms. Alter-
natively, Elsenbruch and Orr36 have recently suggested that
postprandial symptom severity is directly correlated with
sympathetic dominance (secondary to vagal withdrawal) fol-
lowing meal ingestion in subjects with d-IBS, and as
sympathetic activity releases 5-HT from enteroendocrine

cells37 this might help explain the elevated platelet depleted
plasma 5-HT levels in those patients with postprandial symp-
toms.

Whether the increased release of 5-HT into plasma leads to
depletion of mucosal 5-HT in subjects with d-IBS still remains
to be determined, but a recent study by Miwa and
colleagues38 has suggested that subjects with constipation
predominant IBS have elevated levels of mucosal 5-HT
compared with subjects with d-IBS and healthy subjects,
which might indicate an abnormality in enteroendocrine cell
release of 5-HT to various stimuli. These investigators however
while not assessing platelet depleted plasma 5-HT concentra-
tion did show a non-significant reduction in mucosal 5-HT in
the small group of subjects with d-IBS compared with healthy
subjects. Another recent study by Bose and colleagues39 (and
personal communication) showed that colonic mucosal 5-HT
concentrations were lower in d- IBS subjects compared with
healthy subjects. This appeared to be associated with an
increase in enteroendocrine cell numbers, which they
suggested was a compensatory response of the gut to possible
excessive release of 5-HT. Further studies addressing both
mucosal 5-HT concentrations and enteroendocrine cell num-
bers in subjects with d-IBS, as well as similar studies to the
present one conducted in subjects with constipation predomi-
nant IBS and assessing the transient relationship between
symptoms and the 5-HT system need to be performed.
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