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Abstract Purpose Interstitial cystitis (IC) often coexists
with irritable bowel syndrome (IBS). IBS may be explained
by small-intestinal bacterial overgrowth (SIBO), which
increases immune activation and visceral hypersensitivity.
This prospective pilot study tested hypotheses that 1C
patients with gastrointestinal (GI) symptoms have SIBO,
that nonabsorbable antibiotic use improves symptoms, and
that improvement is sustained by prokinetic therapy.
Methods Consecative IC patients with GI symptoms had
lactulose breath testing (1.BT). Those with abnormal results
received rifaximin 1,200-1,800 mg/day for 10 days then
tegaserod 3 mg/nightly. Questionnaires addressed IC and
GI global improvement. Results Of 21 patients, 17 (81%)
had abnormal LBTs. Of 15 patients treated, GI global
improvement was moderate to great in 11 (73%) and sus-
tained in ten (67%). IC global improvement was moderate
to great in six (40%) and sustained in seven (47%). Con-
clusions A majority of IC patients and GI symptoms had an
abnormal LBT suggesting SIBO. Rifaximin improved
symptoms, which was sustained by tegaserod. )
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Introduction -

Interstitial cystitis (IC) is a debilitating, chronic syndrome
of unknown etiology characterized by pelvic pain,
increased urinary frequency, abnormal urgency to void,
and dyspareunia [1]. By convention, IC is viewed as a
disorder that coexists with izritable bowel syndrome (IBS).
In a survey of 2,405 patients with IC, IBS was the second
most commonly listed medical condition other than aller-
gies [2]. These two conditions may share common
pathophysiology, as IC is present in 40-60% of patients
with IBS, and 38% of patients with IC also have IBS [1, 3].
Inflammatory cells, cytokines, substance P, neural growth
factor, and neural plasticity are possible explanations for
visceral hypersensitivity in both syndromes [4-9].

Evidence is now available to support the role and
treatment of small-intestinal bacterial overgrowth (SIBO)
in IBS {3, 10-12). SIBO is an abnormal expansion of the
indigenous bacterial population of the distal gut into the
more proximal regions of the small intestine. Abnormal
bacterial fermentation, a basic feature of SIBO, can be
detected using the lactulose breath test (LBT). Three ran-
domized, placebo-controlied, double-blind studies have
shown significant improvement of IBS symptoms after
treatment with neomycin [11], a poorly absorbed antibiotic,
and rifaximin, a nonabsorbable antibiotic that spares the
colonic bacterial flora to target those in the small intestine
[12, 13]. As maximal improvement occurred when abnoi-
mal bacterial fermentation was successfully eliminated by
antibiotic treatment [11, 12, 14], SIBO appears to be the
best explanation for the gastrointestinal (GI) symptoms of
IBS (3). :

Bacterial overgrowth is assoctated with increased
intestinal permeability [15], bacterial translocation with
exposure to bacterial antigens [16], and subsequent
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activation of the host immune response [17]. Evidence for
immune activation in IBS and IC include the following: (1)
mast cells in bladder biopsies in IC [181; (2) mast cells in
the ilewmn, mast cells adjacent to colonic nerves, and fym-
phocytes in lamina propria and the myenteric plexus in IBS
[6, 7, 197; and (3) interleukin elevation in urine in IC [20]
and in serum in IBS [21].

In one study, patients with IC had 2 mild response to
broad-spectrumm antibiotics despite sterile urine cultures,
suggesting a possible role of bacteria in this condition [22].
In our pilot study, we tested two hypotheses: (1} IC patients
with chronic GI symptoms have abnormal bacterial fer-
mentation that suggests SIBO; and (2) a nonabsorbable,
effective, small-intestine-targeting antibiotic improves IC
and GI symptoms, with subsequent prokinetic therapy
sustaining clinical improvement. Tegaserod, a 3-HT4
receptor agonist known to stimulate phase 3 of interdi-
gestive motility {23}, was used to delay relapse of bacterial
overgrowth and, thus, treat the underlying cause of SIBO
[24-26].

Methods
General design

This was a prospective, open-label, observational pilot
study of patients with IC and chronic GI symptoms. The
primary goal was to examine the effect of a nonabsorbable,
small-intestine~targeting antibiotic treatment on GI and IC
symptoms. An LBT was used to detect abnormal bacterial
fermentation, considered indirect evidence of SIBQ. Study
procedures were approved by the Sterling Institutional
Review Board (Atlanta, GA, USA).

Study population ‘
Consecutive patients with IC and chronic GI symptoms
(n = 44} seen in follow-up visits over a 4-month period at a
urology practice at Washington University were referred to
the gastroenterclogy practice conducting the study. To be
eligible; patients with 1IC must have had chronic, active,
unexplained GI symptoms, including abdominal pain,
bloating, postprandial fullness, flatulence, diarthea, and/or
constipation, for at least 3 months. The IC diagnosis was
based on a history of pelvic pain, urinary frequency, and
urinary urgency, with other urological diseases excluded by
a prior cystoscopy and urine culture. Patients were exclu-
ded if they had an active organic GI disease, including
celiac disease, pancreatic insufficiency, Crohn’s disease,
and ulcerative colitis, on the basis of medical history,
physical exams, antitissue transglutaminase antibody for

celiac disease, and a review of colonoscopy records at
study entry.

LBT

Breath samples were collected before ingestion of 10 g of
lactnlose (Kristalose, Cumberland Pharmaceuticals Inc.,
Nashville, TN, USA) and every 20 min for 180 min
thereafter. This is a nondigestible starch in 240 ml water.
Breath samples were analyzed for concentrations of
hydrogen and methane using a gas chromatograph (Quin-
Tron DP plas, QuinTron Instrument Company, Milwaukee,
WI, USA). The criteria for a normal pattern of bacterial
fermentation were “no rise of breath hydrogen or methane
concentration before 90 min of lactulose intake with a
definitive rise never more than 20 ppm during 180-min
measurement” [10]. As hydrogen and methane are pro-
duced exclusively by bacteria, abnormal bacterial
fermentation is detected when the pattern of gas excretion
is different from the criteria for normal bacterial fermen-
tation. Examples of criteria for abnormal bacterial
fermentation include a gas profile with a rise in hydrogen
and/or methane concentration of more than 20 ppm above
baseline during the 180-min breath test or a flat-line
hydrogen profile with a rise of no more than 5 ppm of
hydrogen over baseline for 180 min and absence of
methane excretion.

Open-label treatment

If patients had SIBO, determined by detection of abnormal
bacterial fermentation, they were offered treatment with
rifaximin (Xifaxan; Salix Pharmaceuticals, Inc., Morris-
ville, NC, USA) 1,200 or 1,800 mg/day for 10 days. The
higher dose was administered to patients with a flar-line
response or those with a hydrogen rise greater than
60 ppm. As SIBO is characterized by a chronic relapsing
clinical course and impaired cycling of interdigestive
motility [25], time to relapse was delayed by prescribing
tegaserod (Zelnorm; Novartis Pharmaceuticals Corp., East
Hanover, NJ, USA) 3 mg nightly following completion of
the rifaximin couise.

Symptom questionnaires

At baseline, eligible patients completed & GI symptom
questionnaire using a 7-point Likert scale consisting of
O not at all; 1 hardly; 2 somewhat; 3 moderately; 4 a good
deal; 5 a great deal; and 6 a very great deal. Responses to
these questionnaires were used to determine activity and
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subsequent change of GI symptoms with treatment and to
identify the predominant bowe] complaint according to the
Rome I classification for IBS. Patients completed a
guestionnaire on which they were asked 1o describe their
global response {greatly improved, moderately improved,
mildly improved, or no improvement) of IC and GI
symptoms after completing a 10-day course of rifaximin
and at follow-up at least 2 months later. The follow-up
marked the conclusion of the abservational peried for each
patient. Duration of IC symptoms and the timing of onset
of bladder and Gl symptoms were also assessed. In addi-
tion, the presence of comorbid conditions of fibromyalgia
and restless legs syndrome was determined.

Data analysis

The primary endpoints were the percentage of patients with
an abnormal LBT result and the percentage of patients with
moderately or greatly improved global symptoms imme-
diately after antibiotics (day 11) and at the follow-up visit.
Descriptive statistics were used to summarize data for
patients with baseline and follow-up data. Comparisons
were made using the Wilcoxon signed ranks test (SPSS).

Results
Patient demographics

Twenty-one women with IC (mean age 49 years; range 15—
81 years) were included. Mean IC duration was 7 (range
1-20) years. In 13 patients, IC symptoms started after GI
symptoms. In six patients, IC symptoms started before GI
symptoms. In the remaining two patients, the order of onset
was unknown. Seventeen (81%) of the 21 patients with IC
and GI symptoms had an abnormat LBT result. Of these 17
patients, an elevated peak hydrogen concentration was
found in 11 (65%). with a mean rise of 43 ppm above
baseline and mean tme to peak of 128 min. Elevated
methane was found in one patient. Five (29%) of 17
patients had a flat-line hydrogen profile with a mean
hydrogen rise of 3 ppm. Fifteen of these 17 patients with
abnormal LBT results received rifaximin for the treatment
of SIBO.

Functional bowel symptoms of 17 of 21 patients met
Rome II criteria for IBS. In this group of 17, 14 (82%) had
an abnormal LBT result. Three patients had diarrhea, eight
patients had constipation, and six had both diarrhea and
constipation. Four of five patients with a flat-line hydrogen
profile had diarrhea. Only ome patient had detectable
methane excretion, and she had constipation. Fibromyalgia
was present in four patients, restless legs syndrome was
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Table 1 Gastrointestinal symptom response to small intestinal bac-
terial overgrowth (SIBQ) therapy (n = 15)%

Symptom

Pain Bloating  Fullness Flatulence

Bascline, mean = SB 4120 47213 42£17 46%135

Follow-up 30218 33x17 27x18 30x14
{mean 122 days),
mean £ 8D

Cormparison® P<005 P=0005 P<005 P=<001

SD standard deviation, SIB(Q small infestinal bacterial overgrowth

® Scores according to Likert scale of 0-6; ® Comparison based on
Wilcoxon signed rank test

Table 2 Global improvement of interstitial cystitis (IC} and gastro-
intestinal (GI) symptoms

Improvement »

Great Moderate Mild  None
icC
Day 11 4 2 6 3
Follow-up (mean, 122 days) 2 5 5
GI
Day 11 ) 6 5 3 H
Follow-up (mean, 122 days) 4 6 1

present in four patients, and one patient had both fibro-
myalgia and restless legs syndrome.

Symptom improvement

For the 15 patients treated for SIBO, Gl guestionnaire
scores for abdominal pain, bloating, fullness after meals,
and flatulence significantly improved (Table 1). Global
improvement of GI symptoms was moderate or greatin 1
patients (73%) immediately after completion of a 10-day
course of rifaximin (Table 2). This degree of symptomatic
improvement was sustained in ten patients (67%}) over a
mean follow-up period of 122 (range 62-162) days. Global
improvement of IC symptoms immediately after rifaximin
trestment was moderate or great in six patients (40%;
Table 2), with mild global IC improvement in six patients
{40%). At the follow-up visit, seven patients (47%) had
moderately or greatly improved IC status (Tables 2 and 3).

Discussion

In this open-label pilot study of patients with IC and
functional GI symptoms, 17 (81%) of 21 patients had
abnormal bacterial fermentation, suggesting the presence
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Table 3 Clinical response to therapy and clinical variables

patient LBT result Peak H; ppm  REX/ (mgfday) Global IC Global GI change Global IC change at  Global GI change
initials change at day 11  at day 11 follow-up at follow-up
AD H, high 44 1,800 Great Great Great Great

NS H; high 26 1,800 CGreat Great Moderate Great

BS-1 H; high 115 1,800 None Moderate Moderate Moderate
KR Hz high 82 1,800 Moderate Moderate Mild Mild

RF H, high 36 1,200 Moderate Great Great Great

BS-2 H; high 25 1,200 Miid Moderate Mitd Great

GB H, high 28 1,260 None Great None Moderate
TH H; high 24 1,200 Mild None Moderate Moderate
CBK H, high 28 1,206 Mild Mild Mild Mild

NM Methane NA 1,200 Mild Mild Mild Mild

EP Flat line NA 1,800 Great Great Norne None

NM Flat line NA 1,800 Great Moderate Moderate Moderate
AB Flat line NA 1,800 Mild Great Moderate Maoderate
al Flat line NA 1,300 None Moderate None Moderate
ED Flat line NA 1,800 Mild Mild None Mild

LBT lactulose breath testing, H, hydrogen, RFX rifaximin, JC interstitial cystitis, GI gastrointestinal, NA not available

of SIBO. Fifteen of these 17 patients with an abnormal
LBT result received a 10-day course of rifaximin, a non-
absorbabie, small-intestine-targeting antibiotic. At day 11,
six (40%) of 15 patients reported moderate to great
improvement in IC symptoms and another 40% reported
mild improvement. Of the 15 patients, 73% reported
moderate to great improvement of GI symptoms at day 11.
As rifaximin is a nonabsorbable antibiotic that is not
associated with a detectable change in the colonic (or
urologic) bacterial flora [27], an antibiotic-sensitive
mechanism located in the small intestine appears to be
partly responsible for the IC and GI symptoms of these
patients. As this observational study used open-label
treatment and a generalized, nonvalidated questionnaire,
confirmation of these results with a randomized, double-
blind, placebo-controlled trial is necessary. Because of the
complex nature of IC, it is unlikely that a single therapy
targeting one aspect of this disorder will result in a com-
plete response for all patients,

The breath-test patterns seen in this study are suggestive
of excess hydrogen sulfide gas production. Only one (6%)
of 17 patients with IC and positive LBT results exhaled
methane, in contrast with eatlier studies of 254 patients
with IBS and 85 patients with functional bowel syndrome
{who did not have IC as their primary diagnosis), in whom
methane was detected in 26% of all abnormal breath-test
results in each group {25, 26}. In this study, five (29%) of
17 patients with positive LBT results had flat-line test
results in contrast with flat-line results in 6% of patients
with IBS and positive LBT results and 2% of patients with
functional bowel syndrome and positive LBT results found

in previous studies [25, 26). In the past, a flat-line hydrogen
pattern was attributed to the presence of “hydrogen non-
producer” flora [28], but this is inconsistent with the fact
that hydrogen producers, including Bacteroidetes and Fir-
micutes, represent >90% of the gut flora [29]. The
dynamics of hydrogen generation and removal within the
intestinal lumen may explain the flat-line phenomenon.
Bacteria ferment nutrients, which produce hydrogen, and
then the partial pressure of this gas rises in the lumen. In
order to facilitate further fermentation, hydrogen must be
removed from the gut by one or more of the following: (1)
absorption into the mucosa with transportation to and
elimination by the lungs; (2) passage of gas to the distal gut
and elimination as flatus; and (3) conversion to methane by
methanogenic microbes, conversion to hydrogen sulfide by
sulfate-reducing bacteria, and rarely conversion {o acetate
by an acetogenic pathway [30]. Gas conversion pathways
are competitive processes, and hydrogen sulfide is not
produced in individuals excreting methane [30]. A flat-line
hydrogen profile without methane excretion infers com-
plete conversion to hydrogen sulfide. In the absence of
bacterial overgrowth and excess fermentation, an efficient
detoxification sysiem in the colon [31] is able to rapidly
remove this highly toxic gas [32].

With SIBO and the presence of excess sulfate-reducing
bacteria, absorbed hydrogen sulfide may play local and
distant roles in both IBS and IC. An association with
bacteria-derived hydrogen sulfide functioning as gaseous
neurofransmitters may provide an explanation for visceral
hypersensitivity. In bladder tissues, hydrogen sulfide
induces contraction of the detrusor muscle [33]. As this
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effect is completely abolished by capsaicin desensitization
or pretreatment with a combination of tachykinin NK1 and
NK?2 receptor antagonists, hydrogen sulfide is an activator
of capsaicin-sensitive extrinsic sensory nerves and is
involved in influencing neuronal sensitivity [34].

SIBO may also provide an explanation for the visceral
hypersensitivity of IC and IBS by abpormal production of
proinflammatory cytokines and immune-activated histolog-
ical abnormalities [3, 6, 16]. The response to colorectal
balloon distention has been used as a measure of visceral
sensation in studies in both humans and animals [4, 35].
Bacterial antigens (lipopolysaccharides) were found to trig-
ger GI mast-ceil degranulation and visceral hypersensitivity
in rats [35). The role of bladder mast-cell degranulation in IC
has been supported by elevated urinary {ryptase [36] and
beneficial effects of pentosan polysulfate, an inkibitor of
mast-cell histamine secretion [37]. Systemic or bladder
mast-cell degranulation by these factors could explain pelvic
pain and altered bladder function. Increased intestinal
permeability with translocation of bacteria and bacterial
byproducts, food allergies, neuropepiides, and stress (via the
effects of corticotropin-releasing factor) are all known trig-
gers of GI mast-cell activation [38]. All of these factors are
associated with SIBO [3]. Furthermore, animal data [39]
demonstrate neuronal cross talk between the sensory nerves
in the colon and bladder to provide another explanation for
the overlap of IBS and 1C. Finally, another link between mast
cells and sensory nerves was suggested by showing that
many substance-P-staining nerve fibers were in close prox-
imity to mast cells in bladder and colonic biopsies obtained
from a patient with both IC and TBS {40].

In summary, this study provides preliminary data to
support the hypothesis that SIBO may be associated with
IC. If excess bacteria in the small intestine were the trigger
for the immune activation and visceral hypersensitivity
seen in IC, then management of this vexing disorder could
be dramatically improved by directing the diagnostic and
treatment efforts toward SIBO. A randomized, double-
blind, placebo-controlled study is currently underway to
test this hypothesis.

Acknowledgements Dr. Lin’s work is supported by the Hll and
Tom Barad Family Fund. No commercial financial support was
recetved for the conduct of this stady. Speaker’s Bureau: Salix and
Novartis (Weinstock, Lin); TP rights {Lin}.

References

1. Nicket JC (2004) Interstitial cystitis: a chronic peivic pain syn-
drome. Med Clin North Am 88:467-481

5. Giamberardino M (2000) Sex-related and hormonal modulation
of visceral pain. In: Fillingim R {ed) Sex genuder and pain, vol 17.
TASP Press, Seattle

@_ Springer

10.

11.

12.

13.

i4.

15.

16.

i

18.

19.

20.

21.

. Lin HC (2004) Small intestinal bacterial overgrowth: a frame-

work for understanding irritable bowel syndrome. JAMA
2972:852-858

. Ritchie T (1973) Pain from distension of the pelvic colon by

inflating a balloon in the jrritable howel syndrome. Gut 6:105~
112 ‘

. Fitzgerald MP, Koch D, Senka ¥ (2003) Visceral and cutaneous

sensory testing in patients with painful bladder syndrome. Neu-
rourol Urodyn 24:627-632

. Tomblom H, Lindberg G, Nyberg B et al (2002) Fuil-thickness

biopsy of the jejupum reveals inflammation and enteric neusop-
athy in irritable bowel syndrome. Gastroenterology 123:1972~
1979

. Barbara G, Stanghellini V, De Giorgio R et al {2004) Activated

mast cells in proximity to colonic nerves correlage with abdom-
inal pain in irritable bowel syadrome. Gastroenterofogy 126:693~
702

. Sun YN, Luo JY, Shang P et al (2005) Effects of N-methyl-p-

aspartate Tecepior in vigceral, hypersensitivity in rats with colonic
inflammasion. Zhong Nan Da Xue Xue Bao Yi Xve Ban 30:504—
500

_ PBrickson DR, Tomaszewski JE, Kunselman AR et al (2005) Po

the National Tnstitute of Disbetes and Digestive and Kidney
Diseases cystoscopic criteria associate with other clinical and
objective features of interstitial cystitis? J Urol 173:93-97
Pimentel M, Chow EI, Lin HC (2000 Eradication of small
intestinal bacterial overgrowth reduces symptoms of irritabie
howel syndrome. Am ] Gastroenterol 95:3505-3506

Pimentel M, Chow EJ, Lin HC (2003) Normalization of lactulose
breath testing cerrelates with symptom improvement in irritable
bowel syndrome. A double-blind, randornized, placebo-con-
troiled study. Am J Gastroenterol 68:412-419

Pimente! M, Park S, Kane SV et al (2006) The effect of a non-
absarbed oral antibiotic {rifaximin) on the symptoms of the
irritabie bowel syndrome: a randomized trial. Ann Intern Med
145:557-563

Sharara Al, Acun B, Abdul-Baki H et al (2006} A randomized
double-blind placebo-controlled trial of rifaximin in patients with
sbdominzl bloating and fatulence. Am J Gastroenterol 101:326-
333

Lee HR, Low K, Chattesiee S et al (2006} In the ireatment of
IBS, the clinical response to rifaximin is determined by the
normalization of the Iactulose breath test. Am T Gastroenterol
110:A1223

Riordan SM, Mclver CJ, Thomas DH et al (1997) Luminal
bacteria and smail-intestinal permeability. Scand ¥ Gastroenterol
32:556-563

Nieawenhaijs VB, van Duijvenbode-Beumer H, Verheem A et al
(1599) The effects of ABT-229 and octrectide on interdigestive
small bowel motility, bacterial overgrowth and bacterial trans-
location in rats. Bur J Clin Invest 29:33-40

Woodcock NP, Robertson J, Morgan DR et al (200%) Bacterial
translocation and immunohistochemical measurement of gut
immune function. J Clin Pathol 34:619-623

Sant GR, Thecharides TC (1994) The role of the mast cell in
interstitial cystitis. Urol Clin North Am 21:41-53

Weston AP, Biddle WL, Bhatia S et al (1993) Terminat ileal
mucosal mast cells in imitable bowel syndrome. Dig Dis Sci
38:1590-1593

Peters KM, Diokno AC, Steinert BW (1999) Preliminary study on
urinary cytokine levels in interstitial cystitis: does intravesical
bacille Calmette-Guerin treat interstitial cystitis by altering the
immune profile in the bladder? Urology 54(3):450-453

Dunlap SP, Hebden I, Campbell B (2006) Abnormal intestinal
permeability in subgroups of diarthea-predominant irritable
bowel syndromes. Am ] Gastroenterol 101:1288-1294



Dig Dis Sci (2008) 53:1246-1251

1251

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Warren JM, Home LM, Hebel JR et al (2000) Pilot study of
sequential oral antibiotics for the treatment of interstitial cystitis.
J Urol 163:1685-1688

i Stefano M, Vos R, Janssens T et al (2003) Effect of tegaserod,
a 3-HT4 receptor partial agonist, on interdigestive and post-
prandial  gastrointestinal motility in bealthy volunteers.
Gastroenterology 126:A105412

Pimentel M, Soffer EE, Chow EJ, Kong Y, Lin HC {2002) Lower
frequency of MMC is found in IBS subjects with abnormal lac-
tulose breath test, suggesting bacterial overgrowth. Dig Dis Sei
47:2639-2643

Weinstock LB, Tordorczak TT, Fern SE et al (2006) Compre-
hensive SIBO therapy of IBS patients, Am J Gastroenterot
110:A1123

Weinstock LB, Tordorczuk IT, Fern SE et al {2006) Compre-
hensive SIBO therapy of functional bowel patients. Am
Gastroenterol 11(hA1124

Huang DB, DuPont HL (2005) Rifaximin — a novel antimicrobial
for enteric infections. J Infect 50:97-106

Mirocha A, Rashid S (1997) Reliability and reproducibility of
breath hydrogen and methane in male diabetic subjects. Dig Dis
Sci 42:672-676

Fekburg PB, Bik EM, Bernstein CN et al (2005) Diversity of the
human intestiral microbial fiora, Science 308:1635-1638
Strocchi A, Furne T, Bllis C et al (1994} Methanogens outcompete
sulphate reducing bacteria for H2 in the human coloa. Gut
35:1098-1161

Levitt MD, Furne J, Springfield J et al (1999} Detoxification of
hydrogen sulfide and methanethiol in the cecal mucosa. § Clin
Tnrvest 104:1107-1114

32

33.

34,

35,

36.

37.

38,

39,

40.

Attene-Ramos MS, Wagner ED, Plewa MJ, Gaskins HR (2006)
Evidence that hydrogen sulfide is a genotoxic agent. Mol Cancer
Res 4:9-14

Patacchini R, Santicioli P, Giudiani S, Maggi CA (2005) Phar-
macological investigation of hydrogen suifide (H2S) contractile
activity in rat detrusor muscle. Eur J Pharmacol 509:171-177
Patacchini R, Santiciol: P, QGiuliani 8, Maggi CA (2004)
Hydrogen suifide (H2S) stimulates capsaicin-sensitive primary
afferent neurons in the rat urinary bladder. Br T Pharmacol
142:31-34

Boucher W, el-Mansoury M, Pang X, Sant GR, Theocharides TC
(1995} Elevated mast cell tryptase in the urine of patients with
interstitial cystitis. Br J Urol 76:94-100

Chiang G, Patra P, Letourneau R, Jeudy S, Boucher W, Green M,
Sant GR, Theoharides TC (2003) Pentosanpolysulfate (Elmiron)
is & polent inhibitor of mast cell histamine secretion. Adv Exp
Med Biol 539(Pt B):713-729

Coelho AM, Fioramonti §, Bueno L (2000) Systemic lipopoly-
saccharide infivences rectal sensitivity in rats: role of mast cells,
cytokines and vagus nerve. Am J Physiol Gastrointestinal Liver
Physiol 279:G781-G790

Barbara G, Stanghellird V, De Gicrgio R et at (2006} Functional
gastrointestinal disorders and mast cells: implications for therapy.
Neurogastroenterol Motil 18:6--17 R

Pezzone MA, Liang R, Fraser MO {2005) A rmodel of neural
cross-talk and Fritation in the pelvis: implications for the overlap
of chronic pelvic pain disorders. Gastroenterology 128:1953—
1954

Theoharides TC (1996) The mast cell: a neuroimmunoendocrine
master player. Int J Tissue React 18:1-21

@ Springer





