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Summary Oral glucosamine was compared to a placebo for the management of
cats with feline idiopathic cystitis (FIC) in a randomised, double-blinded, placebo-
controlled, study. Forty cats with a history of recurrent cystitis due to FIC were
divided into two groups and treated daily per os with either 125 mg N-acetyl
glucosamine or a placebo for six months. Owners graded their cats’ clinical signs
at the beginning and end of the study, and kept daily diaries documenting signs of
cystitis using visual analogue scales. Further episodes of cystitis were seen in 26
(65%) of the cats during the study. Affected cats experienced a mean of five
recurrences (range 1e19) with each recurrence lasting a mean of four days (range
1e64 days).

There were no significant differences between the two groups when considering
the owners assessments of the mean health score (PO 0.5), the average monthly
clinical score (PZ 0.22) or the average number of days with clinical signs
(PZ 0.28). Two cats suffered from such severe recurrent urethral obstruction that
they were euthanased; they were both in the placebo group. Compared to the start
of the study the majority of cats in both groups improved significantly (P!0.001)
(mean health score of each group at the start was 0.5GSD 0.5, compared to
glucosamine 4.4G0.7 and placebo 3.9G1.6 at the end). This is believed to have
occurred because the owners of 36 of the 40 cats (90%) started feeding more
canned cat food. The urine specific gravity at the start of the trial was signi-
ficantly higher (mean 1.050GSD 1.007) than when reassessed one month later
(1.036G1.010, P!0.01).
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Introduction

The term feline lower urinary tract disease (FLUTD)
describes a collection of conditions that can affect
the bladder and/or urethra of cats. However, the
majority (55e69%) of cases are idiopathic (Barsanti
et al., 1996; Buffington et al., 1997; Kruger et al.,
1991; Lekcharoensuk et al., 2001) and research
over the last 30 years has failed to find a consistent
cause for the inflammation. A recent hypothesis
suggests that feline idiopathic cystitis (FIC) may
result, in part, from alterations in the protective
glycosaminoglycan (GAG) layer that lines the blad-
der. In this, and other respects, FIC has similarities
to interstitial cystitis (IC) in humans (Buffington
et al., 1996b, 1999).

A thin layer of GAG covers the bladder urothe-
lium. This layer helps to prevent microbes and crys-
tals from sticking to the bladder lining and limits the
transepithelial movement of urine proteins and oth-
er solutes (Lilly and Parsons, 1990; Parsons, 1994;
Parsons and Mulholland, 1978; Parsons et al., 1979
Parsons et al., 1990; Pantazopoulos et al., 1990).
Qualitative and quantitative changes in the GAG
layer and an associated increase in urothelial per-
meability have been found in humans with IC (Akcay
and Konukoglu, 1999; Parsons, 1994; Wei et al.,
2000) and cats with FIC (Buffington et al., 1996a;
Gao et al., 1994). The increased permeability allows
noxious substances within the urine to pass through
the urothelium where they may cause inflammation
(Gao et al., 1994). It is not currently known what
causes the alteration in the GAG layer.

A number of experimental studies have shown
that it is possible to reduce transitional cell injury
using exogenous forms of GAG (including heparin,
hyaluronic acid, and pentosan polysulphate sodium
[PPS; a semi-synthetic low molecular weight hepa-
rin GAG analogue]) (Lilly and Parsons, 1990; Nickel
et al., 1998; Pantazopoulos et al., 1990; Parsons
et al., 1990; Parsons, 1994).

Clinical studies have shown that oral or intrave-
sicular administration of PPS (ElmironTM) may be
beneficial in the management of human IC. Given
orally it has resulted in subjective and objective
improvements, with remission of clinical signs
in 28 to 63% of humans with IC (Bade et al., 1997;
Fritjofsson et al., 1987; Holm-Bentzen et al.,
1987; Hwang et al., 1997; Mulholland et al., 1990;
Parsons et al., 1983, 1993; Parsons and Mulholland,
1987). Intravesicular hyaluronic acid and oral
D-glucosamine (which is a precursor for GAG) have
also resulted in moderate to significant beneficial
responses (Morales et al., 1997; Strohmaier et al.,
1989). Anecdotally, oral glucosamine, oral PPS,
and parenteral PPS (CartrophenTM) have been used
with apparent success in some cases of FIC.
Adverse effects are uncommon, however, they
may consist of prolonged prothrombin time,
epistaxis, gingival bleeding, alopecia, abdominal
pain, diarrhoea, nausea and, possibly, in the case
of glucosamine, insulin resistance (Monauni et al.,
2000; Mulholland et al., 1990).

The aim of this study was to determine whether
the addition of a food supplement containing the
GAG precursor N-acetyl glucosamine could reduce
the severity, or recurrence rate, of clinical signs
in cats with recurrent FIC.

Material and methods

Cats with a history of recurrent dysuria, pollakiu-
ria, and haematuria were recruited from the refer-
ral cases of the Feline Clinic of the University of
Edinburgh Small Animal Hospital, between Febru-
ary 2001 and May 2002. For inclusion, each cat
had to have experienced a minimum of two epi-
sodes of FLUTD within the preceding six months.
All cases were subject to a minimum assessment
of history, physical examination, evaluation of
serum urea and creatinine concentrations, routine
urinalysis ( performed within 30 min of collection),
urine culture, survey abdominal radiography,
double contrast cystography and retrograde ure-
thrography. Cases were considered to have idio-
pathic cystitis when there was no evidence of
urolithiasis, bacterial infection, bladder neoplasia
or congenital deformity. Cats with occasional crys-
tals within their urine were included but those with
aggregates of crystals were excluded.

Forty cats with FIC were recruited and randomly
assigned to the blinded treatment groups. Each
group contained 20 cats. Each cat received either
a placebo (cellulose) or 125 mg of N-acetyl glucos-
amine (CysteaseTM, Ceva Animal Health) by mouth
each day. The owners had to commit to giving the
medication daily for six months, and to keeping
a treatment diary so that this could be confirmed.
They were also given detailed notes on FLUTD that
discussed the current understanding of the patho-
genesis of FIC. The cats were not to be given any
other sources of glucosamine or GAG during the
study. Other medical treatments could be given,
according to medical indications, and noted on
the diaries.

The owners were asked to grade the severity of
their cat’s signs at both the start and the end of
the study using a health score scale of 0 (very
severe cystitis) to 5 (normal cat). The grades were
compared using the ManneWhitney rank-sum test
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with continuity correction, with significance deter-
mined at P%0.05 (Glantz, 1992).

During the study the owner’s were asked to keep
a record of ‘cystitis events’, recording every day
that their cat showed signs of cystitis and defining
the severity of each of the signs on standard 10 cm
long visual analogue scales (VAS). The signs that
they were asked to record were (i) increased fre-
quency of urination, (ii) straining while urinating,
(iii) crying out while urinating, (iv) the presence
of blood in the urine (macroscopic haematuria),
(v) urination outside the litter box, (vi) increased
grooming around the perineum, and (vii) altered
behaviour (defined by the owner as increased ag-
gression/fear/hiding, etc.). The average monthly
clinical score was determined for each group by
calculating the total ‘cystitis events’ score from
the VAS for each cat for each month of the trial
(i.e. first month, second month, etc.), then aver-
aging the scores for all 20 cats. The results were
compared using the ManneWhitney rank-sum test
with continuity correction, with significance deter-
mined at P%0.05. The average number of days
with clinical signs was determined by calculating
the total number of days with clinical signs for
all of the cats within one group, then dividing by
20. Results were compared using unpaired 2-tailed
Student’s t test, with significance determined at
P%0.05.

Each owner was asked to collect a urine sample
from their cat (using a litter box filled with peb-
bles) after one month of the trial. The urine
samples were frozen immediately by the owners
(at �20 (C), and then shipped on ice to the Univer-
sity of Edinburgh. The mean urine specific gravity
for the cats at the start of the study was compared
to the mean urine specific gravity after one month
of the study using paired 2-tailed Student’s t test,
with significance determined at P%0.05.

Results

Twenty-nine of the 40 cats (72.5%) were domestic
shorthaired cats, four (10%) were domestic long-
haired cats, six (15%) were Persians, and one
(2.5%) was a Burmese. Thirty-one (77.5%) were neu-
tered males, nine (22.5%) were neutered females.
Six (19%) of the cats were males referred with
apparent urethral obstruction. The mean age of
the cats was six years (range 1e14 years). Cats were
similarly distributed in both treatment groups.

There were no significant differences between
the two groups. Although the owners assessments
suggested that the glucosamine-treated cats
achieved a slightly greater improvement by the
end of the study (mean health score 4.4GSD 0.7)
compared to the placebo group (3.9G1.6), there
was no significant difference when compared using
the ManneWhitney rank-sum test with continuity
correction (PO0.5) (Fig. 1). There were no signifi-
cant differences between the two groups when
assessed by the average monthly clinical scores
Figure 1 The figure shows a graph of the mean health scores at the start and the end of the study. The owner’s were
asked grade the severity of their cat’s signs using the scale from 0 (very severe signs of cystitis) to 5 (normal cat). The
error bars show the standard deviation. There is no statistical difference between the groups.
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Figure 2 The figure shows a graph of the mean monthly clinical scores against time for the six months study. The error
bars show the standard deviation. There is no statistical difference between the groups.
( glucosamine 4113G3509, placebo 1872G2273,
PZ0.22) (Fig. 2) or the average number of days
with clinical signs ( glucosamine 15G29, placebo
7.2G11, PZ0.28). The chance of Type II sta-
tistical error (b), giving false negative results, was
calculated to be !10%, that is when aZ0.05 (i.e.
significance was determined at P%0.05), nZ20 in
each group, and looking for a change in the mean
test population of approximately one times the
standard deviation. Two cats in the placebo group
suffered from such severe recurrent urethral ob-
struction that they were euthanased. No adverse
effects to treatment were observed in either group.
None of the cats were given any medications that
could have affected their urine specific gravity.

Further episodes of cystitis were seen in 26 of
the 40 cats (65%) during the study. Affected cats
experienced a mean of five recurrences (median
2.5, range 1e19) with each recurrence lasting
a mean of four days (median 3, range 1e64 days).

Compared to the start of the study the majority
of cats in both groups improved significantly
(P!0.001) (mean health score of each group at
the start was 0.5GSD 0.5, compared to glucos-
amine 4.4G0.7 and placebo 3.9G1.6 at the end).
At the start of the study, 21 of the 40 cats (52.5%)
were fed solely on dry cat food. A further 17 cats
(42.5%) were fed at least half of their daily food in-
take as dry cat food. Only two of the cats (5%) were
fed solely on canned cat food (Fig. 3). On starting
the trial, 36 (90%) of the owners increased the
amount of canned cat food in their cat’s diet, such
that the cats were eating at least 50% of their food
intake as canned food. In 33 of the cats (82.5%)
canned cat food became the only food fed. There
was no difference in the initial or the altered diet
between the two groups. The urine specific gravity
at the start of the trial was significant higher (mean
1.050GSD 1.007) than when reassessed one month
later (1.036G1.010, P!0.01).

Discussion

Male cats are significantly over-represented in this
study. This may be because male cats with recur-
rent FIC have an increased risk of urinary tract
obstruction, and this may prompt referral to a uni-
versity hospital. A male predisposition has previous-
ly been observed in cats with FIC (Krugeret al., 1991;
Lekcharoensuk et al., 2001), however, these studies
were also performed at university hospitals. In con-
trast, other studies have found no sexual predisposi-
tion in cats with FLUTD (Buffington et al., 1997;
Jones et al., 1997; Willeberg, 1984).

During the six month trial period recurrent cysti-
tis was seen in 65% of the cats in this study. In con-
trast, cats with FIC in a previous one-year study
experienced a recurrence rate of only 11 to 39%
(depending on whether they were fed a canned or
dry diet) (Markwell et al., 1999). A 39% recurrence
rate was also seen in separate one-year study
(Barsanti et al., 1982). It is unclear why the cats
in the current study suffered more recurrence of
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Figure 3 The figure shows a graph of the amounts of dry and wet food fed at the start of the study and after the
owners’ made non-authorised changes to their cat’s diets. All 40 cats have been grouped together as there was no
difference between the groups.
disease. It may reflect the severity of the cases. In
addition, it may also have resulted from close
observation by the owners that lead to recognition
of mild episodes of disease. This study counted
mild clinical signs such as increases in the fre-
quency of urination, urinating outside the litter
box, grooming of the perineum, and/or altered be-
haviour as an episode of recurrence. These findings
suggest that cats with recurrent FIC may be suffer-
ing from many more episodes of bladder discomfort
than was previously appreciated. It is interesting to
note the variation of recurrence rate ( from 0e19
recurrences), and the variation of the duration of
these recurrences (mean four days; range 1e64
days). The latter finding is in agreement with other
studies that have found that recurrence of clinical
signs is usually self-limiting, typically lasting for
5e7 days (Barsanti et al., 1982).

Given the apparent usefulness of oral GAG sup-
plementation in some humans with IC, the poor re-
sponse of cats with FIC was disappointing. There
are a number of possible reasons for this. There is
some debate as to the overall significance of
changes in the GAG layer in the pathogenesis of
IC (Elbadawi, 1997; Erickson et al., 1997) and it may
be that its role in FIC has been over-emphasised.
Also, even in humans with IC the response to treat-
ment has been very variable (Bade et al., 1997;
Fritjofsson et al., 1987; Holm-Bentzen et al.,
1987; Hwang et al., 1997; Morales et al., 1997;
Mulholland et al., 1990; Parsons et al., 1983,
1993; Parsons and Mulholland, 1987; Strohmaier
et al., 1989), and different forms of GAG have been
shown to have differing urothelial protective prop-
erties (Gill et al., 1982). For example, in rabbits,
intravesicular PPS and heparin have been shown
to be more effective than hyaluronic acid (Nickel
et al., 1998). It is not known which forms of GAG
may be most effective in cats, so it is possible that
different forms may have given different results. In
addition, optimum dosages have not been deter-
mined so extrapolation from human studies may
have resulted in inadequate dosage. It is also possi-
ble that the wrong variables were measured. In
humans with IC, it is pain that resolves first. It is
only after six to eight months of treatment that
the frequency of urination reduces and the volume
of each urination increases (Parsons, 1994). It is
therefore possible that our six-month study may
have been insufficiently long to see a significant
difference between the groups.

Interestingly, four of the cats in the treatment
group have been unable to stop medication. Every
attempt to cease giving the glucosamine has re-
sulted in recurrence of clinical signs, which have
resolved on reintroduction of the medication.
While this does not prove the efficacy of the prod-
uct it does suggest that it may be more beneficial in
some cats than others.

In retrospect, giving the owners notes about
FLUTD and the possible pathogenesis of FIC was
a complicating factor. The notes stated that in-
creasing water turnover may be of considerable
benefit in the management of cats with FIC. These
were very committed owners, so they all tried to in-
crease their cat’s daily water consumption by feed-
ing a higher percentage of canned cat food. Prior to
starting the study 95% of the cats were being fed
at least 50% of their diet as dry cat food, however,
within a month over 80% were being fed solely on
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canned cat food. As a similar percentage of each
group changed their diet it did not affect the com-
parison of the glycosamine with the placebo.

Increasing water turnover can significantly
reduce the proportion of cats with FIC that experi-
ence recurrence of clinical signs (Buffington and
Chew, 1999). In one study, only 11% of cats fed on
canned cat food had recurrent signs, compared to
39% of cats fed dry cat food (Markwell et al.,
1999). In that study, the urine specific gravity of
the cats fed on a dry diet decreased from an aver-
age of 1.050 to an average of 1.030 when fed on
canned food (Markwell et al., 1999). A similar de-
crease was noted in the current study, where urine
specific gravity decreased from 1.050 to 1.036
within the first month of the study. This coincided
with the change in the diet, and with the initial fall
in the mean monthly clinical scores. The decrease
in the specific gravity may be of benefit because
it is associated with reduced concentrations of uri-
nary solutes, reduced urine osmolality, and in-
creased urine volume.

It has previously been noted that cats with FIC
tend to be fed significantly more dry food than cats
without FIC. In one study nearly 60% of cats with FIC
ate solely dry food, and an additional 17% ate 75%
or more dry food (Buffington et al., 1997). The cur-
rent study showed similar results at presentation,
with 52.5% of the cats eating solely dry food, and
a further 42.5% eating at least 50% dry food. While
this does not show that dry food causes FIC, it im-
plies that it may unmask or aggravate it. Given that
so many cats with FIC do eat large amounts of dry
food the most simple treatment option (and per-
haps the most effective) is to change their diet
from a dry to a canned food.

The only other explanation for the overall im-
provement in both groups would be a profound
‘placebo effect’. Giving a capsule each day and
paying attention to the cat by looking for signs of
cystitis may have resulted in the cats’ receiving
more attention from their owners’ than prior to
the study. If increased owner interaction was asso-
ciated with increased stroking and petting it could
have acted to calm the cats. Stress has been sug-
gested as a possible trigger for both IC in humans
and FIC in cats (Elbadawi, 1997; Jones et al.,
1997; Kalkstein et al., 1999). However, while it is
possible that the cats in the study were less
stressed than they had been prior to the study
the owners of the cats all denied spending signifi-
cantly more time with them.

In addition to the N-acetyl glucosamine the cap-
sules (CysteaseTM) also contained small amounts
of alfalfa, pepsin, bromelain and Lactobacillus
acidophilus. Their inclusion in the capsules is
theoretically aimed at supporting gastrointestinal
function and promoting the absorption of the
N-acetyl glucosamine. They were not believed to
have any effect on bladder function.

In conclusion, while this study was not able to
show that oral GAG supplementation gave signifi-
cant clinical benefit to cats with FIC; it did under-
line the importance of feeding these cats on
canned diets. Further studies could involve analy-
sing the GAG content of urine samples to see if cats
that appear to gain most benefit from glucosamine
have the most severe alterations in their urine GAG
content. If this is found to be the case, assessing
cats for their urine GAG content could help in tai-
loring treatment to particular cats. It will also be
important to determine which types of canned diet
have the most beneficial effects.
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