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Interstitial cystitis (IC) is a disorder of the urinary bladder characterized by urgency, frequency,
nocturia and suprapubic pain. IC occurs primarily in women and symptoms are exacerbated by stress,
ovulatory hormones and certain foods. IC pathogenesis is unknown, but the most consistent findings
involve some dysfunction of the bladder glycosaminoglycan (GAG) protective layer and a high number of
activated bladder mast cells. There is no effective therapy even through intravesical administration of
dimethylsulfoxide (DMSO) or oral pentosanpolysulfate (PPS) have had variable success. A dietary
supplement, CystoProteR, was formulated with the natural GAG components chondroitin sulfate and
sodium hyaluronate to provide urothelial cytoprotection, together with the flavonoid quercetin that has
anti-inflammatory properties and inhibits activation of mast cells. Thirty-seven female patients diagnosed
by the NIDDK criteria who had failed all forms of therapy took six softgel CystoProteR capsules per day
for 6 months. Global assessment scale was reduced from £@.9 to 4.3+ 2.1 (p <0.05); moreover, the
O’Leary/Sant Symptom Index decreased from 16.3 3.1 t0 6.9+ 4.2 (p <0.05) and the Problem Index from
13.1+3.71t05.4-4.0 (p <0.05). These results are very promising and warrant a larger study that may permit
further analyses with respect to other, especially atopic, comorbid diseases.

Interstitial cystitis (IC) is a bladder syndromeand common triggers include psychological ©
that occurs mostly in women with symptoms ophysical stress (2). In 75% of women, sexu:
urinary urgency, frequency, nocturia and suprapubigitercourse appears to exacerbate their symptol
pelvic pain (1). IC occurs also in males and recef8). Almost 60% of IC patients have symptoms c
evidence suggests that chronic non-bacteriaistory of atopic disease and over 30% hay
prostatitis and prostatodynia may be a similaconcurrent diagnosis of irritable bowel syndrom
condition. The prevalence of IC from population{IBS) (4). It was also recently shown that IC an
based data from the US Nurses’ Health Study | anmhnic disorder may be genetically linked, possibl
Il was estimated at about 60 cases/100,000 woméhrough mast cell activation. In view of suct
Recent publications have suggested thatthe NIDDKndings, IC has been considered
criteria may be too restrictive and the term ICheuroimmunoendocrine condition (3).
chronic pelvic pain syndrome (CPPS) has been Diagnosis of IC is usually based on a histor
adopted to indicate the broad area affected anddbirritative voiding symptoms (urgency, frequency)
include more patients. pain and negative urine cultures (5). The moi

IC patients appear to be young and middlesommon, non-ulcer, variety is found in almos
aged women, (1) but adolescents and children 86% of IC patients and is characterized by petech
also affected. The symptoms worsen periodicallyladder mucosal hemorrhages (“glomerulations’

Keywords: bladder, chondroitin sulfate, inflammation, interstitial cystitis, mast cells, pain, quercetin,
sodium hyaluronate

Mailing address: T.C. Theoharides, Ph.D., M.D. i 0394-6320 (2005)
DeFartment of Pharmacolo'ay and Experimental Therapeutics This publication and/or article s for indi .dcolpynght|©bydBIOLIFEi as.
Tufts University School of Medicine P producedt without wiitien permission om the copyright holder.
136 Harrison Avenue - Boston, MA 02111, USA. Unauthorized reproduction may result in financial and other penalties
Phone: 617-636-6866 - Fax: 617-636-2456 183

E-mail:theoharis.theoharides@tufts.edu



184 T.C. THEOHARIDES AND G.R. SANT

without ulceration. However, recent papers have The mean age of the 37 female patients enrolle
shown that glomerulations may occur in non-IQvas 39.4t 4.1 and the duration of IC symptoms was 5.
patients and they do not correlate with the degree3.2/years. Patients took two softgel CystoPrdtek
of inflammation; in fact, patients with nonulcercapsules 3 times per day with some food for six month
disease may have minimal evidence of bladdé€ symptoms were evaluated using a global sympto
inflammation, while those with inflammation visual scale (0 = least, 10 = worst) and the validate
present with more pronounced symptoms (6). l8ymptom and Problem Scoring index by O’Leary an
those patients with bladder inflammation, the uriSant (10) at the beginning and atthe end of the treatm:
ne had increased levels of IL-6 , while the bladdgreriod. Differences were evaluated using the nol
wall contained an increased number of mast celfmrametric Mann-Whitney U test. Significance wa
(7), many of which were positive for IL-6 and/ordenoted by p < 0.05.
stem cell factor (SCF) receptor (c-kit) and had
increased expression of intercellular adhesion RESULTS
molecule-1 (ICAM-1) (8) . These findings, along
with some defect in the protective  The demographics of the 37 female patien
glycosaminoglycan (GAG) layer of the bladdeare shown on Table I. The mean age was %9.4
(9) constitute the main pathologic features. 4.1 years with symptom duration 5t13.2 years
A dietary supplement was formulated to in{Table IlI). Other concurrent medical problem
clude natural molecules that could replenish thacluded allergies (59%), endometriosis (20%
GAG and reduce inflammation. This formulationfibromyalgia (20%), irritable bowel syndrome
CystoProteRwas used in female patients who ha@30%), migraines (10%) and vulvodynia (15%).

failed other forms of treatment. The global assessment at the beginning of ti
treatment period was 9.8 2.9 and decreased
MATERIALS AND METHODS (52,2%) to 4.3t 2.1 (p <0.05) at the end (Table

). Similarly, the O’Leary/Sant IC Symptom

The ingredients and their sources in CystoPrbtekndex (0-20) decreased from 1&3.1t06.%4.2
are listed in Table I. Patients 18 years or older welg <0.05) and the Problem Index (0-16) decreas
selected using the criteria established (5) for researftom 13.1+ 3.7 to 5.4+ 4.0 (p <0.05).
studies by the USA National Institutes of Health (NIH) ~ There were no side effects except some transie
and include: (a) positive medical history of urinary‘oil taste coming up” and stomach upset in 9/3
urgency and pain for at least six months, urinary frequenpatients, especially those who had a history
>8 times per day while awake and >2 times during thgastritis or acid reflux. This minor problem
night, (b) negative urine cultures, (c) cystoscopic evidencisappeared if patients took some antacid or fro:
of ulcers or mucosal hemorrhages (glomerulationghe softgel capsules before swallowing to decrea
during bladder hydrodistention under general or spinalissolution in the stomach.
anesthesia, and bladder biopsy in order to exclude
other bladder pathology, such as tuberculosis or DISCUSSION
transitional carcinoma.

Patients were excluded if (a) any urinary tract or  This is the first report of a dietary supplemen
prostatic infection within 3 months prior to the study ospecifically formulated, based on scientific
any active genital infection, (b) history of cyclopho-publications, to help replenish the bladder linin
sphamide, chemical or radiation cystitis, (c) history odnd reduce inflammation using natural ingredient
bladder tumors or tuberculosis, and (d) if they hadhe results show >60% benefit in patients wh
hydrodistention, intravesical therapy or had been treatéd failed all other forms of therapy. The treatmel
with pentosan polysulfate sodium (Elmifdnduring of IC presents a unique challenge for clinician
the last 3 months prior to starting CystoPrétek since the pathogenesis of the disease is not kno
Otherwise, patients were allowed to remain on angnd is very likely to be multifactorial in origin
other medication they may have been using routineft1). The prevailing premises are: (a) altere
for either pain or any other concurrent medical conditiopladder permeability as evidenced by damage
except for any opioid analygesic. bladder protective GAG layer, (b) an increase i
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Table 1. CystoProteR
Ingredients Amount Source Purity Country of ingredients and sources.
per capsule origin

Glucosamine 130 mg Shell fish chitin | >99% China This formulation in softgel
sulfate les i de by Tisch
Chondroitin 150 mg Shark cartilage | >90% China capsules 1S made by lischeon
sulfate Corp. (Westbury, NY), an FDA
Sodium 20 mg Chicken combs | >98% Japan certified GMP facility. All
hyaluror}ate . ingredients are free from any
Quercetin 150 mg Saphora plant >99% China bovi duct
dihydrate ovine  products or
Olive kernel 448 mg Olive seeds 100% Greece preservatives. The softgel is
extract made of porcine gelatin.
Parameter Category Results
Age* Years

Mean = SD 39.4+4.1
Symptom duration

Mean + SD 5.1+£32
Other concurrent medical problems Percent

Allergies 59

Endometriosis 20

Fibromyalgia 20

Irritable bowel syndrome 30

Migraines 10 Table 1. Demographic and baseline

Vulvodynia 15 characteristics of enrolled patients.

Other 5

*Female Caucasian (n=39).

the numbers and especially activation of bladd@the GAG layer is composed primarily of chondroitir
mast cells, possibly secondary to sensory nergelfate and sodium hyaluronate, with glucosamir
sensitization and tachykinin release. The goal sllfate serving as the synthetic building block. |
treatment is to control or reduce symptoms, whiliss, therefore, of interest that urine hyaluronic aci
providing logistic support. was higher in IC patients, as compared to control

The most commonly reported therapeutiéindicating loss of this protective molecule (13)
modalities, as recently tabulated by the Interstitidfloreover, total urine glycosaminoglycans
Cystitis Data Base, were cystoscopy withincluding chondroitin sulfate, were also decrease
hydrodistention, oral amitriptyline and intravesicaln the urine of IC patients, even though the
heparin (12). The passive bladder hydrodistentiarormalized to creatinine. There is also recel
at the time of diagnostic cystoscopy providesvidence thatexposed bladder epithelial cells fro
temporary (usually 1-2 months) symptomatic religbatients with IC produce an inhibitor of heparin
in about 25% of IC patients and may be repeatdidnding epidermal growth factor, thus preventin
2-3 times (12). This procedure may be followedrothelial cell proliferation; this factor was recently
by intravesical dimethylsulfoxide (DMSO) admi-identified as a member of the Frizzled family o
nistration. surface proteins.

A defective bladder GAG layer, leadingtoa PPS was the only oral drug approved by th
“leaky” bladder epithelium (9), has been one o)S Food and Drug Administration under the Orpha
the most enduring pathogenic explanations for IQisease Act on findings that it could “replenish’
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Table Ill. Effect of
CystoProteR on IC | Response (n=39) Before After
symptoms.
Global Assessment 9.0+2.9" 43+2.1°
O’Leary/Sant IC Symptom Index (0-20)  16.3 +3.1 6.9+42"
‘Mean+ SD O’Leary/Sant IC Problem Index (0-16)  13.1+3.7 54+40°
*p<0.01

Table 1V. Effect of olive kernel extract (OKE) on(16). The inhibitory effect of chondroitin sulfate
absorption of chondroitin sulfate in rats. extended to stimulation of mast cells by th
neuropeptide SP, as well as by immunoglobulin
Preparation n Absorption (%) and anti-IgE, and was correlated with its inhibitor
effectonintracellular calciumionlevels. Arecen

- OKE 5 30+1.2 publication showed that there was no cross-reactivi
. between sensitivity to sulfonamide antibiotics an
+ OKE 3 143+29 other sulfate containing products (17).

There are many chondroitin sulfate preparatior
*Chondroitin sulfate was tritiatedil) at New England @vailable for arthritis;, but, unfortunately there
Nuclear (specific activity = 4.3 mCi/ml); 2.5 m&- are a number of problems with those: (a) there
chondroitin sulfate was given orally to rats with orng standardization in their content of chondroiti
Vr;'éggldtrengxﬁ??at'gr SSKIEQ p Igggf‘agﬁﬂ{g?‘:“v'ty Was sulfate which can vary significantly in the size an
*p <0.05 degree of sulfation (the bigger and more sulfate

the better); (b) the absorbance is extremely lo

(<5%) making it difficult to achieve therapeutic
the GAG layer, but a recent multicenter clinicalevels; and (c) the most common source is cow
trial sponsored by the US National Institutes ofrachea with its inherent risk of spongiform
Health (NIH) showed that it had no effect inencephalopathy (“mad cow disease”). To avoi
moderate to severe IC (14).The beneficial these problems, CystoProfekises chondroitin
effect of the glycosaminoglycans may also derivsulfate from shark cartilage mixed with olive kerne
from inhibition of bladder mast cell activation,extract (OKE); this patented formulation improve:
since both PPS (15) and chondroitin sulfate weits absorption considerably (Table V). Moreover
(16) shown to inhibit mast cell activation amplyolive oil is, itself, rich in bioflavonoids and has
documented in IC bladders (3). many cytoprotective properties (19).

Chondroitin sulfate was included in CystoProteRalso contains sodium hyaluronate

CystoProteRbecause itis one of the most commoanother natural proteoglycan found in the GAC
natural proteoglycans. It is a surface recognitioiyer, in connective tissue and in human mast c
site and a major component of human mast cedecretory granules. Sterile sodium hyalurona
secretory granules. Chondroitin sulfate has begmeparations have been used as a device to repler
used, together with its building block glucosamingpint viscosity by intra-articular injection, especially
for the treatment of osteoarthritis, with potentiain osteoarthritis. Arecentpublication also reporte
benefit as indicated by a recent meta-analysigicreased urine hyaluronic acid in IC patients
Moreover, preincubation of rat peritoneal masbodium hyaluronate (0.04%) instilled intravesically
cells for 10 min with chondroitin sulfate resultedveekly for 4 weeks, followed by monthly admini-
in 76.5% inhibition of histamine release (p=0.00043tration resulted in 70% of patients with complet
(16). In contrast, the inhibitory action of theor partial symptom reduction, but the respons
“mast cell stabilizer” drug cromolyn decreasediecreased after 6 months (20), and its effect vari
rapidly if preincubation lasted for more than 1 mirconsiderably.
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Rats pretreated intravesically with a 0.4%istamine-1receptor antagonist/actions, also inhibi
sodium hyaluronate for 30 min prior to acutenast cell activation and neurogenic bladde
immobilization stress had significant inhibition ofinflammation (29). Moreover, itis a weak anxiolytic
bladder mast cell activation, as well as mast cedind may help in those individuals where stress
protease | and IL-6 secretion (21). This effedtnownto exacerbate IC symptoms possibly throuc
could be mediated through CD44 which is expresseudast cell activation (30).
on mast cell surface and binds hyaluronic acid. The presentresults with CystoPrdteknstitute

Quercetin was added to CystoProteb&cause the first oral multimodal therapy based on publishe
it inhibits mast cell secretion (22,23) andscientific evidence to deliver synergistic effect:
proliferation, including allergic stimulation of and warrant a larger trial.
human mast cells. Quercetin also inhibits mucosal

mast cells, while the “mast cell stabilizer” cromolyn ACKNOWLEDGMENTS
does not (23,24). Quercetin belongs to a unique
class of natural compounds, tHavonoids that Aspects of this work were funded by Thet:

are present in plants, and seeds; they have pot&imedical Consulting and Development Co., Inc
anti-oxidant, cytoprotective and anti-inflammatoryBrookline, MA, USA. We thank Ms. Jessica
activities. Quercetin specifically inhibits mast cellChristian for her patience and word processir
secretion of IL-6 (25) , which has been shown tekills, as well as her tabulating the information o
beincreasedin ICurine, andis a potentinflammatotiie questionnaires. CystoProtdk trademarked
cytokine. The mechanism of action of quercetiand is covered by US Patents Nos. 6,635,62
depends on a particular pattern of hydroxylatio6,689,748 and 09/771,669 (allowed on August 1
ofits Bring (22) . The combination of the flavonoid2004), as wellas EPO No. 51275/129 and assign
guercetin with the proteoglycan chondroitin sulfatéo Theta, Inc. (Brookline, MA).
was shown to have additive mast cell inhibitory
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