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ackground & Aims: Evidence suggests that postpran-
ial platelet-depleted plasma 5-hydroxytryptamine (5-
T) concentrations may be abnormal in irritable bowel
yndrome (IBS). However, interpretation of the data has
een hampered by the variable methodology and rather
mall numbers used in previous studies. Therefore, the
im of this study was to measure concentrations of
latelet-depleted plasma 5-HT and its metabolite 5-HIAA
nder fasting and fed conditions in a large group of
atients with diarrhea-predominant (d-) and constipa-
ion-predominant (c-) IBS, compared with controls. The
atio of plasma 5-HIAA:5-HT and platelet stores was also
ssessed. Methods: Twenty-nine c-IBS patients (aged,
9–53 years), 55 d-IBS patients (aged, 19–52 years),
nd 35 healthy volunteers (aged, 18–46 years) had
latelet-depleted plasma 5-HT/5-HIAA concentrations
easured using reverse-phase, high-performance liquid

hromatography with fluorimetric detection before and
fter a standard meal. Results: d-IBS patients had raised
latelet-depleted plasma 5-HT concentrations under
asting and fed conditions (P < .05). However, the post-
randial relative to fasting concentration was similar to
ontrols. In contrast, c-IBS patients failed to show an
ncrease in platelet-depleted plasma 5-HT concentration
ith meal ingestion compared with controls (P < .01).
-IBS was associated with decreased 5-HIAA (P < .01)
ut normal 5-HIAA:5-HT ratio and d-IBS with normal
-HIAA concentrations but reduced 5-HIAA:5-HT ratio (P

.005). C-IBS but not d-IBS patients had increased
latelet 5-HT. Conclusions: These results support the
oncept that d-IBS is characterized by reduced 5-HT
euptake, whereas impaired release may be a feature of
-IBS. These results also provide a rational basis for
urrent pharmacologic approaches involving modulation
f different 5-HT receptors in c- and d-IBS.

rritable bowel syndrome (IBS) is associated with
both motor and sensory abnormalities of the gas-

rointestinal tract. These can vary depending on the

owel habit subtype of the patient, with those exhib-
ting diarrhea having increased colonic motility, par-
icularly the number of high-amplitude propagating
ontractions (HAPCs) and transit,1–3 and those with
onstipation having reduced colonic motility, HAPCs,
nd transit2– 6 compared with healthy controls. Both
atient subgroups, however, can demonstrate visceral
ypersensitivity,7 although only those with constipa-
ion appear to sometimes exhibit hyposensitivity to
alloon distension.7–9

5-Hydroxytryptamine (5-HT) released from the en-
erochromaffin (EC) cells of the gastrointestinal (GI) tract
nd acting through various receptor subtypes located on
ubmucosal and myenteric neurons of the enteric nervous
ystem is known to play a key role in the normal func-
ioning of the gastrointestinal tract.10–13 Depending on
he type of receptor subtype and its location, stimulation
an result in, for example, smooth muscle relaxation
hrough its interaction with 5-HT4 or 5-HT1D receptors
n inhibitory nitrergic neurons or contraction via inter-
ction with 5-HT4 or 5-HT3 receptors on cholinergic
eurons.10–13 5-HT may also modulate visceral sensation
ither via a direct effect on perception or through mod-
lation of gastrointestinal tone and phasic activity. Ac-
ivation of 5-HT3 receptors on vagal afferents and 5-HT3

nd possibly 5-HT4 receptors on either spinal afferents or
erves closely coupled with these nerves are thought to
ediate the possible direct effects of 5-HT on visceral

erception.10–13

5-HT found in the blood is almost entirely derived
rom the EC cells of the GI tract,14 and we and others
ave shown that the concentration of this amine,15,16

long with its metabolite 5-hydroxyindoleacetic acid

Abbreviations used in this paper: 5-HT, 5-hydroxytryptamine; 5-HIAA,
-hydroxyindoleacetic acid; EC, enterochromaffin; c-IBS, constipation-
redominant IBS; d-IBS, diarrhea-predominant; HV, healthy volunteers;
I-IBS, postinfectious IBS.
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January 2006 ALTERED 5-HYDROXYTRYPTAMINE SIGNALING IN IBS 35
5-HIAA),16 are elevated in platelet-depleted plasma
ollowing meal ingestion in patients with diarrhea-
redominant IBS (d-IBS) compared with healthy con-
rols. Under fasting conditions, 5-HT was either un-
etectable15 or of a concentration that was not
ignificantly different from healthy controls.16 How-
ver, using a linear modeling approach to take into
ccount various factors, such as fasting concentrations,
he latter study showed that fasting 5-HT concentra-
ion significantly affected concentrations recorded un-
er fed conditions, such that the postprandial relative
o fasting concentration of 5-HT appeared to be no
ifferent between d-IBS patients and healthy con-
rols.16 These observations suggest that, despite this
eing a relatively large study (39 d-IBS patients and
0 healthy volunteers), it may not have been suffi-
iently powered to detect differences under fasting
onditions and that d-IBS patients may generally have
igh concentrations of platelet-depleted plasma 5-HT
ather than an exaggerated 5-HT response to meal
ngestion. The additional observation that platelet
oncentration of 5-HT was higher in d-IBS patients
ompared with healthy controls16 appeared to support
his view because platelets are unable to synthesize
-HT and therefore acquire it directly by active trans-
ort from the circulation.13,17

In contrast, a recent study has suggested that pa-
ients with constipation-predominant IBS (c-IBS) may
ave lower concentrations of plasma 5-HT following
eal ingestion compared with healthy controls and

atients with postinfectious IBS (PI-IBS).18 Interest-
ngly, platelet 5-HT concentration was also shown to
e higher in c-IBS patients compared with PI-IBS
atients but not statistically different from healthy
ontrols.18 However, this study was relatively small
15 subjects per group) and did not report fasting
-HT concentration, postprandial relative to fasting
oncentration of 5-HT (ie, the 5-HT response to meal
ngestion), plasma 5-HIAA concentration, or the ratio
f plasma 5-HIAA:5-HT or make comparisons with
-IBS patients.
Therefore, the aim of this study was to assess both

asting and fed concentrations of platelet-depleted
lasma 5-HT to determine the 5-HT response to meal
ngestion in a large number of patients with c- and d-IBS
ompared with healthy controls. To explore possible
echanisms of altered 5-HT signaling, platelet-depleted

lasma 5-HIAA concentrations along with the ratio of
-HIAA:5-HT and platelet 5-HT stores were also as-

essed. w
Materials and Methods

Subjects

The study was carried out on 29 patients with c-IBS
aged, 19–53 years; 3 male) and 55 patients with d-IBS (aged,
9–52 years; 5 male), diagnosed according to the Rome II
riteria19 together with 35 healthy volunteers (HV) (aged,
8–46 years; 6 male). Patients were recruited from the out-
atient departments of the University Hospitals of South
anchester (tertiary patients excluded), Manchester, United
ingdom; local general practices; advertisement in regional
ewspapers; and an existing departmental volunteer pool of
atients. No subject had coexistent disease, and all had normal
ematology, biochemistry, urinalysis, and sigmoidoscopy, to-
ether with a normal colonoscopy or barium enema if aged
ver 40 years. All healthy subjects had normal laboratory
nvestigations (as above) and negative toxicology for substances
f abuse. Subjects were excluded for the following: had a
istory of gastrointestinal surgery (other than appendectomy
nd hiatus hernia repair); gastrointestinal symptoms related to
r exacerbated by consumption of milk or milk products; or
ere taking drugs that might modify either gastrointestinal

unction or the 5-HT system, such as analgesic medication,
ranquillizers, or antidepressants. Female subjects were ex-
luded if they were pregnant, breast-feeding, or hysterecto-
ized, and all were postpubertal and premenopausal. Because

here is evidence to suggest that steroid ovarian hormones
ight affect the 5-HT system,20,21 all female subjects were

tudied during the luteal phase of the menstrual cycle (high
rogesterone and estrogen) or while taking combined (non-
hased) estrogen/progesterone contraceptive medication. All
edications and cigarette smoking were prohibited for 48

ours prior to the study, and alcohol and caffeine-containing
rinks were stopped 24 hours before the study. All subjects
rank below the recommended safe alcohol limit (�21 units/
eek), smoked �5 cigarettes per day, and had not participated

n a clinical trial of any drug within the previous 30 days. The
tudy was approved by South Manchester Medical Research
thics Committee, and all subjects gave written informed
onsent.

Study Design

After an overnight fast, subjects attended the Neuro-
astroenterology Unit, and an arm vein was cannulated. Nine
illiliters of blood was taken via EDTA vacutainer at 0 hours

or platelet count and 5-HT/5-HIAA analysis. Additional
-mL blood samples for 5-HT and 5-HIAA analysis were
aken at hourly intervals for 2 hours under fasting conditions
nd at half-hour intervals for a further 4 hours following
ngestion of a standard carbohydrate-rich meal, consisting of
00 g spaghetti (Heinz; Stockley Park, Uxbridge, United
ingdom), 2 medium slices of toast, a jam and fresh cream

cone (Marks and Spencer, London, United Kingdom), and
00 mL water (totaling 65.5 g carbohydrate, 12 g protein,
6 g fat, calorie content of 457 kcal), which was consumed

ithin 10 minutes.16
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Symptomatology was assessed on attendance at the labora-
ory with the question “Is your IBS active at the moment?” In
ddition, at hourly intervals (0, 1, 2, 3 hours . . .) throughout
he study, questions targeting the presence and severity of
bdominal pain/discomfort, bloating, and bowel urgency were
sked, eg, “In the past hour, have you experienced abdominal
ain/discomfort?” If the subjects reported “yes,” they were
hen asked to grade the severity of that symptom using the
cale 1 � mild, 2 � moderate, 3 � intense, and 4 � severe.

worsening of symptoms with meal ingestion was defined as
n increase in symptom score of at least 1.16

Analysis of Platelet-Depleted Plasma
Concentrations of 5-HT and 5-HIAA

The collected blood (t � �2 to 4 hours postmeal) was
ransferred to tubes containing 0.5 mL 3.12% trisodium ci-
rate and centrifuged (room temperature) twice to ensure no
latelet contamination of supernatant; initially at 2500 rpm
or 10 minutes and then at 4000 rpm for a further 10 minutes.
latelet-depleted plasma was aspirated, and duplicate samples
ere stored at �70°C for later batch analysis. 5-HT and
-HIAA concentrations were measured in duplicate using
everse-phase, high-performance liquid chromatography
HPLC) with fluorimetric detection.16,22,23 All samples were
nalyzed blind to subject status. The sensitivity of the HPLC
ystem for the detection of 5-HT and 5-HIAA was as previ-
usly described.16

Analysis of Platelet 5-HT Concentrations

The blood collected at t � �2 hours was transferred to
tube containing 0.9 mL 3.12% trisodium citrate and initially

pun only once at 900 rpm for 5 minutes. One aliquot of
spirated, platelet-rich plasma was then used to assess platelet
ount (Advia Centaur Analyser; Bayer Ltd, Berkshire, United
ingdom), whereas additional duplicate samples were used for
-HT analysis of platelet-rich plasma, and following further
entrifugation (as above) for analysis of platelet-depleted
lasma 5-HT/5-HIAA concentrations.16

Data and Statistical Analysis

The following end points were analyzed for 5-HT and
-HIAA platelet-depleted plasma concentrations: (1) fasting
oncentration, calculated as the average of the preprandial
easurements; and (2) ratio to fasting baseline area under the

ostprandial concentration/time curve. This was calculated as
he area under the postprandial concentration curve vs time
ivided by fasting concentration multiplied by 4. (3) The area
nder the postprandial concentration/time curve (not refer-
nced to fasting baseline) and (4) peak postprandial concen-
ration. Other end points included platelet 5-HT concentra-
ion and fasting and fed ratio of 5-HIAA:5-HT.

Linear models were fitted to the log transformation of the
bove variables.16 All models included terms for subject group
nd age, and the analysis of ratio to fasting baseline area under
he curve and peak postprandial concentration also included a

erm for fasting concentration. All models were checked for the d
alidity of model assumptions. In addition, the time to peak
ostprandial concentration was analyzed for both platelet-
epleted plasma 5-HT and 5-HIAA using the Cox propor-
ional hazards regression analysis, which adjusts for censored
bservations (ie, peaks that did not occur within the time
rame of the study).

The sum of the individual symptom scores for pain, ur-
ency, and bloating at each time point were used to calculate
n overall hourly symptom score, from which the mean pre-
eal (2 hours) and postmeal (4 hours) symptom scores were

hen calculated for each subject. Differences in fasting and fed
ymptom scores among the 3 groups were assessed using the
nalysis of variance (ANOVA) test followed by Student 2-sam-
le t test. In addition, the change in mean symptom score pre-
o postmeal (ie, symptom worsening) was calculated, and
tatistical differences among groups were evaluated using anal-
sis of variance (ANOVA) and Student 2-sample t test.

Results

Symptomatology

Ninety-six percent (53 of 55) of d-IBS and 90%
26 of 29) of c-IBS patients reported that their IBS was
ctive at the time of the investigation. Of the c-IBS
atients, 92% reported a bowel frequency of 1–3 per
eek and 8% a frequency of �1 per week, with most
escribing their stool consistency as varying from normal
o hard. Of the d-IBS patients, 81% reported a bowel
requency of 3–5 per day and 19% a bowel frequency of

5 per day, and all reported their stool consistency as
enerally loose to watery.
Assessment of symptoms on the study day showed

hat, as expected, both c- and d-IBS patients had signif-
cantly worse symptomatology under both fasting and
ed conditions compared with HV (P � .05) (Figure 1).
n addition, symptoms worsened with meal ingestion in

igure 1. Profile of overall symptom score with respect to meal
ngestion (t � 0) in patients with constipation (�)- and diarrhea
●)-predominant IBS and in healthy controls (�). Data are mean and
5% confidence interval.
- (� 0.26) and c- (� 0.31) IBS patients compared with
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V (�0.03; mean difference d-IBS from HV, 0.29; 95%
I difference: 0.07–0.51, P � .009; mean difference
-IBS from HV, 0.34; 95% CI difference: 0.13–0.56, P

.002). There was no difference in symptom worsening
ith meal ingestion between patient subgroups (mean
ifference d-IBS from c-IBS, 0.05; 95% CI difference:
0.23–0.33, P � .718) (Figure 1). Postprandial exac-

rbation of symptomatology was reported by 80% (44 of
5) of d-IBS and 97% (28 of 29) c-IBS patients.

Platelet-Depleted Plasma 5-HT
Concentrations

Under fasting conditions, d-IBS patients had sig-
ificantly higher platelet-depleted plasma 5-HT concen-
rations than both c-IBS patients (P � .05) and HV (P �
05). There was no difference in fasting platelet-depleted
lasma 5-HT concentrations between c-IBS patients and
V (Table 1, Figure 2A).
Ingestion of the meal significantly increased platelet-

epleted plasma 5-HT concentrations in both d-IBS and
V (P � .001) (Figures 2A and 3A), although the
agnitude of the increase (ie, ratio to fasting baseline

rea under the postprandial concentration/time curve)
nd peak 5-HT concentration was no different between
he 2 groups (Table 1). However, the area under the
ostprandial 5-HT concentration/time curve only (not
eferenced to fasting) was significantly higher in d-IBS
atients compared with HV (P � .018) (Table 1, Figure
A). Conversely, c-IBS patients showed no increase in
latelet-depleted plasma 5-HT concentration with meal
ngestion (P � .831), with concentrations remaining
imilar to those seen under fasting conditions (Figures

able 1. Comparison of Platelet-Depleted Plasma 5-hydroxytr
Predominant Irritable Bowel Syndrome, Diarrhea-Pre

5-HT
concentration

HV
(n � 35)

d-
(n �

asting (nmol/L) 21.31 27
Ratio to HV 1.27 (1.0
Ratio to d-IBS

ed (nmol/L) 28.53 41
Ratio to HV 1.46 (1.0
Ratio to d-IBS

ed AUC 1.52 1.
Ratio to HV 0.99 (0.7
Ratio to d-IBS

ed peak (nmol/L) 64.59 57
Ratio to HV 0.91 (0.6
Ratio to d-IBS

OTE. Results expressed as adjusted geometric mean (95% confide
UC, area under the postprandial concentration/time curve reference
P � .05 for the difference between the groups.
P � .01 for the difference between the groups.
P � .001 for the difference between the groups.
A and 3A), such that the area under the postprandial e
-HT concentration/time curve (referenced or not to
asting concentrations), together with peak 5-HT con-
entrations, were significantly lower than those seen in
oth HV and d-IBS patients (P � .01) (Table 1, Figure
A).
Interestingly, platelet-depleted plasma 5-HT concen-

ration postmeal did not always show a gradual increase
ollowed by decrease with time because 11 (38%) c-IBS,

(11%) d-IBS, and 5 (14%) healthy subjects exhibited
epeated sharp rises and falls in 5-HT concentration
hroughout the postmeal period (overall difference, P �
008; c-IBS � d-IBS and HV, P � .05) (Figure 3A).

There was no statistically significant difference in the
ime taken to reach peak platelet-depleted plasma 5-HT
oncentration following meal ingestion among d-IBS
median, 180; range, 30–240 minutes), c-IBS (median,
10; range, 30–240 minutes), and healthy subjects (me-
ian, 210; range, 30–240 minutes) (Figure 4).

Platelet-Depleted Plasma 5-HIAA
Concentrations

Under fasting conditions, platelet-depleted
lasma 5-HIAA concentration was significantly lower in
-IBS patients compared with both HV (P � .001) and
-IBS patients (P � .001) (Table 2, Figure 2B). There
ere no differences in fasting 5-HIAA concentrations
etween d-IBS patients and HV (Table 2, Figure 2B).

Meal ingestion was associated with a significant in-
rease in platelet-depleted plasma 5-HIAA concentration
n both d-IBS patients and HV (P � .001) but not in
-IBS patients (Figures 2B and 3B). Thus, the area under
he postprandial 5-HIAA concentration/time curve (ref-

mine Concentrations Among Patients With Constipation-
inant Irritable Bowel Syndrome, and Healthy Volunteers

c-IBS
(n � 29) P value (all)

22.42 .040
58)a 1.06 (0.80–1.40)

0.80 (0.64–1.00)a

18.74 �.001
98)a 0.66 (0.48–0.91)b

0.45 (0.33–0.61)c

1.00 .003
29) 0.65 (0.50–0.86)b

0.68 (0.52–0.88)b

25.92 �.001
28) 0.40 (0.27–0.59)c

0.44 (0.31–0.63)c

terval).
fasting baseline levels.
ypta
dom

IBS
55)

.44
2–1.

.55
7–1.

48
6–1.

.80
5–1.

nce in
d to
renced or not to fasting) and peak 5-HIAA concentra-
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ion were significantly lower in c-IBS patients compared
ith both d-IBS patients (P � .05) and HV (P � .05)

Table 2, Figures 2B and 3B). There was no difference in
ny of the parameters between d-IBS patients and HV
Table 2).

The time taken to reach peak platelet-depleted plasma
-HIAA concentration following meal ingestion was no
ifferent among groups (d-IBS: median, 180; range,
0–240 minutes; c-IBS: median, 120; 30–240 minutes;
ontrols: median, 150; 30–240 minutes).

5-HIAA:5-HT Ratio

Under fasting conditions, the ratio of 5-HIAA:
-HT was significantly lower in both d- (P � .001) and
-IBS (P � .01) patients compared with HV. There was
o difference in the 5-HIAA:5-HT ratio between d- and
-IBS patients (Table 3, Figure 2C).

Under fed conditions, the ratio of 5-HIAA:5-HT
area under the postprandial 5-HIAA:5-HT concen-
ration/time curve not referenced to fasting) was sig-
ificantly lower in d-IBS patients compared with HV
P � .001) (Table 3). There was no difference between
-IBS patients and HV or between c- and d-IBS pa-
ients (Table 3).

Platelet 5-HT Concentration

Platelet stores of 5-HT were significantly larger in
-IBS patients compared with both d-IBS patients and

V (ratio c-IBS:d-IBS: 1.93; 95% CI: 1.78–4.0, P � e
001; c-IBS:HV: 2.0; 95% CI: 1.67–4.36, P � .001).
owever, no difference in platelet 5-HT concentration
as apparent between d-IBS patients and HV in this

tudy (d-IBS:HV: 1.15; 95% CI: �0.44 to 1.30, P �
329) (Figure 5).

Discussion

These results extend those of our previous study
y showing that patients with d-IBS have raised concen-
rations of plasma 5-HT under fasting as well as fed
onditions, such that the postprandial relative to fasting
oncentration is no different from controls. In contrast,
-IBS patients appeared to exhibit no or limited 5-HT
esponse to meal ingestion with plasma concentrations
emaining similar to those seen under fasting conditions.
he ratio of postprandial plasma 5-HIAA:5-HT concen-

ration appeared to be normal in c-IBS but reduced in
-IBS.
Our observations that fasting and fed 5-HT concen-

rations were elevated, but that the postprandial relative
o fasting 5-HT and 5-HIAA concentrations in d-IBS
atients were no different from HV, suggests that these
atients might have a disorder primarily of metabolism
nd/or reuptake rather than synthesis and/or release of
-HT. This is supported by recent studies investigating
enetic polymorphisms of the serotonin reuptake trans-
orter (SERT), which have shown that d-IBS patients

Figure 2. Profiles of 5-hydroxytryptamine (5-HT) (A) and 5-hydroxyin-
doleacetic acid (5-HIAA) (B) concentrations and ratio of 5-HIAA:5-HT
(C) with respect to meal ingestion (t � 0) in patients with constipation
(�)- and diarrhea (●)-predominant IBS and healthy controls (�). Data
are geometric mean and 95% confidence interval.
xhibit an increased frequency of the short/short (s/s)
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omozygous24 or short/long (s/l) heterozygous25 type al-
ele of the SERT promoter gene, both of which are
ssociated with less transporter protein expression and
erotonin reuptake.26,27 Indeed, other studies have shown
educed expression of the transporter protein, which
ncreases the availability of 5-HT in these patients.28,29

urthermore, this is the first study to show convincingly
hat ingestion of a carbohydrate-rich meal is associated
ith an increase in plasma 5-HT concentration in d-IBS
atients that is of a similar magnitude to that seen in
ealthy controls and supports Coates et al’s29 recent
bservation that EC cell 5-HT release from mechanically
timulated mucosal biopsy specimens is normal in these
atients. This appears to be the case, despite some reports of
educed synthesis and EC cell content of 5-HT,29,30 which
ight explain the lower mucosal 5-HT concentration pre-

iously recorded in this subgroup.29–31 Coates et al29 con-
luded that the normal release, despite reduced EC cell
ontent of 5-HT in d-IBS patients, must suggest that there

igure 3. Typical profiles of 5-hydroxytryptamine (5-HT) (A) and 5-hy-
roxyindoleacetic acid (5-HIAA) (B) concentrations in individual pa-
ients with constipation (�)- and diarrhea (●)-predominant IBS and
ealthy controls (�). The dashed line represents a profile seen in an

ndividual who exhibited repeated sharp rises and falls in plasma 5-HT
oncentration with time. The latter pattern of 5-HT profile was seen in
8% of c-IBS, 11% of d-IBS, and 14% of HV (overall difference, P �

008).
s normally a surplus of 5-HT in the system that is available d
or release. Maybe the general increased availability of 5-HT
n d-IBS leads to a compensatory reduction in 5-HT syn-
hesis in these patients. One further possible explanation for
he elevated concentrations of plasma 5-HT seen in d-IBS,
specially under fasting conditions, is platelet activation.
owever, the methodology used in the present study was

o different from that of our previous study,16 in which
-thromboglobulin, a marker of platelet activation, was

ound to be undetectable in the plasma samples. Further-
ore, because recruitment and assessment of the subjects
as random, and blood collection and HPLC analysis were
lind to subject status and similar for all 3 groups, it seems
nlikely that technical difficulties might have led to greater
latelet activation in the d-IBS subgroup alone. In addition,
e are not aware of any evidence to suggest that platelet

ctivation is more likely to occur in d-IBS patients com-
ared with the other 2 groups, and this is supported by the
bservation that platelet 5-HT concentration was similar in
-IBS patients and healthy controls.

In contrast, we have shown that patients with c-IBS
ave no or only a limited 5-HT response to meal inges-
ion, with plasma concentrations remaining very similar
o those recorded under fasting conditions. These find-
ngs are consistent with Dunlop et al’s18 preliminary
bservations that postprandial plasma 5-HT concentra-
ions are significantly lower in c-IBS patients compared
ith healthy controls and PI-IBS patients. However, lack
f measurement of fasting 5-HT concentration in their
tudy18 prevented assessment of the 5-HT response to
eal ingestion in c-IBS. Together with the fact that

ostprandial 5-HIAA concentration is also significantly
ower, but the ratio of 5-HIAA:5-HT no different than
V, our data suggest that c-IBS may be a disorder that

rimarily arises from reduced EC cell release of 5-HT. In
ddition, the observation that platelet-depleted plasma
-HT concentration was more likely to show repeated
harp rises and falls throughout the course of the post-

igure 4. Individual plots of values for the time to peak 5-hydroxytryp-
amine (5-HT) concentration in patients with constipation (�)- and

iarrhea (●)-predominant IBS and healthy controls (�).
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randial period in c-IBS patients compared with both
-IBS patients and healthy controls may also be sugges-
ive of a problem with EC cell 5-HT release in this
roup. However, it is also possible, although unlikely
see previous discussion on �-thromboglobulin), that the
atter profile just reflects an increased likelihood of de-
ecting platelet activation because of the limited EC cell
-HT release and the increased frequency of 5-HT measure-
ent postmeal compared with fasting conditions. Further-
ore, our conclusion that EC cell 5-HT release may be

bnormally reduced in c-IBS is consistent with previous
bservations that mucosal concentrations of 5-HT are ele-
ated in these patients31–33 but does not preclude other
ndings that there may also be an increased frequency of the
/s homozygous type allele of the SERT promoter gene25

long with reduced transporter protein expression,29 5-HT
ynthesis,29 and EC cell 5-HT content29,34 in c-IBS. A
eduction in 5-HT reuptake would not be expected signif-
cantly to affect plasma 5-HT concentration if there were
nitially no or limited release of 5-HT in response to a

able 2. Comparison of Platelet-Depleted Plasma 5-Hydroxyin
Constipation-Predominant Irritable Bowel Syndrome,
and Healthy Volunteers

5-HIAA concentration HV (n � 35) d-IB

asting (nmol/L) 27.00
Ratio to HV 0.96
Ratio to d-IBS

ed (nmol/L) 31.13
Ratio to HV 1.13
Ratio to d-IBS

ed AUC 1.19
Ratio to HV 1.09
Ratio to d-IBS

ed peak (nmol/L) 37.37
Ratio to HV 1.10
Ratio to d-IBS

OTE. Results expressed as adjusted geometric mean (95% confide
UC, area under the postprandial concentration/time curve reference
P � .001 for the difference between the groups.
P � .01 for the difference between the groups.
P � .05 for the difference between the groups.

able 3. Comparison of Ratio of Plasma 5-HIAA:5-HT Among
Syndrome, Diarrhea-Predominant Irritable Bowel Syn

Ratio 5-HIAA:5-HT HV (n � 35) d-IBS

asting 1.44 0
Ratio to HV 0.71 (0
Ratio to d-IBS

ed 1.38 0
Ratio to HV 0.69 (0
Ratio to d-IBS

OTE. Results expressed as adjusted geometric mean (95% confide
UC, area under the postprandial concentration/time curve reference
P � .001 for the difference between the groups.

P � .01 for the difference between the groups.
timulus. One study has reported that EC cell 5-HT release
s normal in c-IBS,29 but the study technique involved

echanically agitating mucosal biopsy specimens in a vor-
ex machine, which may have been a more potent stimulus
han the physiologic stimulus of meal ingestion used in this
tudy.

One limitation of this study is the interpretation of
he meaning of the ratio of the concentration of platelet-
epleted plasma 5-HIAA to 5-HT. Plasma 5-HT origi-
ates from the mucosal EC cells, whereas the concentra-
ion of plasma 5-HIAA reflects the relative activity of the
nzyme monoamine oxidase, not only in the platelets but
lso in other tissues such as the liver and lungs. Thus, the
atio of the concentrations of platelet-depleted plasma
-HIAA to 5-HT should only be viewed as a surrogate
easure of 5-HT turnover. A more appropriate measure

f 5-HT turnover might have been the ratio of the
oncentrations of mucosal 5-HIAA to 5-HT.

The different levels of availability of 5-HT found in d-
nd c-IBS patients could be considered to be consistent

acetic Acid Concentrations Among Patients With
rhea-Predominant Irritable Bowel Syndrome,

55) c-IBS (n � 29) P value (all)

1 17.51 �.001
–1.14) 0.64 (0.50–0.83)a

0.68 (0.54–0.85)a

6 16.15 �.001
–1.38) 0.52 (0.41–0.66)a

0.46 (0.36–0.59)a

1 0.90 �.001
–1.26) 0.74 (0.61–0.90)b

0.70 (0.59–0.83)a

7 31.37 .035
–1.32) 0.81 (0.65–1.00)c

0.77 (0.62–0.95)c

terval).
fasting baseline levels.

nts With Constipation-Predominant Irritable Bowel
e, and Healthy Volunteers

55) c-IBS (n � 29) P value (all)

0.90 .001
.87)a 0.62 (0.46–0.85)b

0.92 (0.72–1.19)
1.14 .003

.82)a 0.83 (0.62–1.10)
1.20 (0.95–1.52)

terval).
fasting baseline levels
dole
Diar

S (n �

25.7
(0.81

35.0
(0.92

1.3
(0.94

40.7
(0.91

nce in
d to
Patie
drom

(n �

.98
.58–0

.95
.57–0

nce in
d to
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ith the various motor abnormalities sometimes seen in
hese 2 IBS subgroups,1–6 but whether they represent the
ause or are the consequence of these motility patterns
annot be determined from this study. The time to peak
-HT and 5-HIAA concentration was similar in both d-
nd c-IBS patients compared with healthy controls,
hich implies that the difference in postprandial 5-HT

oncentration is not solely because of variations in tran-
it, but that 5-HT is causing, at least in part, the
otility patterns associated with these IBS subgroups.
bnormalities in gastrointestinal transit tend to be mod-

st in patients with IBS,35,36 and, therefore, it seems
nlikely that differences in transit could have been re-
ponsible for the general, elevated concentrations of
lasma 5-HT seen in d-IBS patients and, especially, the
omplete lack of increase in plasma 5-HT seen with meal
ngestion in some c-IBS patients. Furthermore, the con-
iderable intersubject variation in platelet-depleted
lasma 5-HT concentration and resulting large number
f IBS patients needed to be studied to show significant
ifferences from healthy controls may explain why many
anometry studies have been unable to identify differ-

nces in GI motility between IBS patients and healthy
ontrols35–38 because they have either been underpowered
nd/or not differentiated between c- and d-IBS patients.

The similar overall symptom profile (average of pain,
loating, and urgency scores) reported by both d- and
-IBS patients despite disparate plasma 5-HT concentra-
ions might suggest that 5-HT is predominantly driving
owel habit rather than visceral symptoms such as pain
nd bloating. This is supported by the observation that
he use of selective serotonin reuptake inhibitors is fre-
uently associated with an increased incidence of diar-
hea39,40 but not always an improvement in symptoms.41

owever, it must also be remembered that the gut has
nly a limited repertoire of sensations that can be in-

igure 5. Individual plots of values for platelet 5-hydroxytryptamine
5-HT) concentration in patients with constipation (�)- and diarrhea
●)-predominant IBS and healthy controls (�).
uced by varying pathophysiologies, and, thus, excessive
vailability of 5-HT through its associated effects on
hysiology might still increase symptomatology, as sug-
ested in our previous study.16 In the present study, the
umber of patients in each bowel habit subgroup who
id not experience symptoms was too small to make
ound comparisons with those who did report symptoms.

In contrast to our previous study, platelet 5-HT con-
entration in d-IBS patients was no different from
ealthy controls. This might again be explained by the
ower of our previous study16 being too small to detect
ccurately the differences in platelet 5-HT stores. Closer
xamination of the data16 suggests that the increased
tores seen in d-IBS may have resulted from a few out-
ying data points. Furthermore, our present observations
re not necessarily inconsistent with the growing evi-
ence of reduced 5-HT reuptake in these pa-
ients24,25,28,29 because they might indicate that the in-
reased plasma 5-HT concentrations seen in d-IBS is
ufficient to maintain normal platelet concentration. In-
erestingly, despite there being a significant reduction in
xposure of the platelets to 5-HT because of decreased
ostprandial platelet-depleted plasma 5-HT concentra-
ion in c-IBS patients, platelet 5-HT concentration ap-
eared to be higher in these patients than in both d-IBS
nd healthy subjects. This finding is in accord with
unlop et al,18 although the reason for these high plate-

et 5-HT levels is unclear.
In conclusion, this is the largest study to date to

ompare postprandial platelet-depleted plasma 5-HT
oncentrations in patients with d- and c-IBS with
ealthy controls. The substantial number of subjects
tudied has also allowed more accurate assessment of
asting 5-HT concentrations and the 5-HT response to
eal ingestion, whereas the concomitant measurement of

latelet-depleted plasma 5-HIAA concentration aids un-
erstanding of possible mechanisms involved in altered
-HT signaling. Our data suggest, for the first time, that
-IBS patients probably have generally raised concentra-
ions of 5-HT in their plasma as a consequence of re-
uced metabolism and uptake but a 5-HT response to
eal ingestion that is similar to healthy controls. Con-

ersely, c-IBS patients appear to have a very limited
-HT response to meal ingestion as demonstrated by the
ow concentrations of both 5-HT and 5-HIAA. These
bservations, along with those of previous studies, sug-
ests that d- and c-IBS may be primarily disorders of
educed 5-HT reuptake and release, respectively.
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Ehlers and Danlos of the Ehlers–Danlos Syndrome

Edvard Lauritz Ehlers (1863–1937) was born in Copenhagen where
his father was mayor. He qualified in medicine in 1891, then
pursued further studies in Berlin, Breslau, Vienna, and Paris. In
1906, he was appointed chief of the dermatology clinic at the
Fredericks Hospital in his native city. From 1911 until his retire-
ment in 1932, he directed the dermatology service at the Kummu-
nehospitalet (Municipal Hospital) in Copenhagen. Much of his
research dealt with leprosy and syphilis. Henri-Alexandre Danlos
(1844–1912) was born in Paris where he was awarded his doctoral
degree in 1874. In 1890, he suffered a prolonged, painful illness and
became withdrawn and depressed. Once recovered, he was appointed
to the staff of the Saint Louis Hospital where he conducted research
in the treatment of syphilis and various diseases of the skin. Ehlers
maintained a close association with his colleagues in Paris. In 1899,
at a meeting of the Paris Society of Syphilogy and Dermatology, he
described the case of a 21-year-old law student with lifelong laxity
of joints, hemarthrosis, and hyperextensible skin. At a 1908 meeting
of the same society, Danlos commented on a similar case. Subse-
quent reports remarked the frequency of gastrointestinal bleeding
due to congenital connective tissue disruption. It has been suggested
that the virtuosity of the Italian violinist Nicolo Paganini might be
attributed to a forme-fruste expression of what came to be called the
Ehlers–Danlos syndrome.

—Contributed by WILLIAM S. HAUBRICH, MD
The Scripps Clinic, La Jolla, California

Edvard Lauritz Ehlers
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