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ABSTRACT

In uremic patients, hyperphosphatemia is associated with cardiovascular calcification and increased
cardiovascular mortality. Despite the use of phosphate binders, only half of hemodialysis (HD) patients
achieve recommended serum phosphate levels. A hyperphosphoric salivary content, which correlates
linearly with serum phosphate, has been reported in HD patients. We hypothesized that binding salivary
phosphate during periods of fasting in addition to using phosphate binders with meals could improve the
treatment of hyperphosphatemia. We assessed the phosphate-binding capacity of the natural polymer
chitosan by 3'P nuclear magnetic resonance and established that 10 and 20% (wt/vol) middle viscosity
chitosan solutions bind 30 and 50% of the phosphate contained in PBS, respectively. Thirteen HD
patients with serum phosphate levels >6.0 mg/dl despite treatment with sevelamer hydrochloride
chewed 20 mg of chitosan-loaded chewing gum twice daily for 2 wk at fast in addition to their prescribed
phosphate-binding regimen. Salivary phosphate and serum phosphate significantly decreased during the
first week of chewing; by the end of 2 wk, salivary phosphate decreased 55% from baseline (73.21 *
19.19 to 33.19 = 6.53; P < 0.00001), and serum phosphate decreased 31% from baseline (7.60 = 0.91
to 5.25 * 0.89 mg/dl; P < 0.00001). Salivary phosphate returned to baseline by day 15 after discon-
tinuing the chewing gum, whereas serum phosphate levels took 30 d to return to baseline. Parathyroid
hormone and serum calcium concentrations were not affected by the gum. In conclusion, adding salivary
phosphate binding to traditional phosphate binders could be a useful approach for improving treatment
of hyperphosphatemia in HD patients.
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Hyperphosphatemia is recognized as a contributor  thereby leading to vascular calcification. In terms of
to vascular calcification in patients with chronic  cardiac mortality, the higher the serum PO, level,
kidney disease (CKD) and hemodialysis (HD) pa-

tients and 18 lndependenﬂy associated with cardiac Received February 4, 2008. Accepted September 11, 2008.
mortality.! Serum PO, levels >6.5 mg/dl, serum
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calcium-phosphate products >70 mg/dl, and para-
thyroid hormone (PTH) >495 pg/ml all are associ-
ated with increased extracellular calcification.? Al-
tered mineral metabolism and hyperphosphatemia
stimulate the phenotypic conversion of smooth
muscle cells to an osteogenic cell type through an
increased intracellular phosphorus intake via Pit-1,
a sodium-dependent phosphate co-transporter,?
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the higher the relative mortality risk. It has been reported that,
among HD patients, a percentage as high as 40% presenting
serum PO, level >6.5 mg/dl, showed a relative risk 1.27 times
higher than patients with serum PO, level in the range of 2.4 to
6.5 mg/dL.* These data strengthen the need for strict manage-
ment of hyperphosphatemia, which is currently mainly based
on dietary restriction, dialysis, and the use of phosphate bind-
ers.> Calcium- and metal-free polymers, such as sevelamer hy-
drochloride or carbonate, and lanthanum carbonate should be
the preferred options: the still widely used calcium-based
phosphate binders are currently under scrutiny because of
their possible contribution to vascular calcification through
calcium load.¢ Nevertheless, only approximately 50% of HD
patients achieve the serum PO, levels currently recommended
by Kidney Disease Outcomes Quality Initiative (K/DOQI)
guidelines.”

An increased salivary PO, excretion has been reported in
patients with CKD® and HD patients,® independent from food
intake. Salivary PO, levels correlated with serum creatinine
and GFR in CKD?® and with serum PO, levels in HD patients,
the salivary PO, content being at least five times the serum PO,
level.® In this article, we suggest that in HD patients with serum
PO, =6 mg/dl and salivary PO, =30 mg/dl, a sustained intes-
tinal absorption of immediately bioavailable PO, could ac-
count for an additional load to the dietary PO, intake, via the
ingestion of the 500 to 700 ml of saliva produced daily. Among
other underestimated dietary contributions to PO, burden,'? a
looping of gastrointestinally secreted and intestinally absorbed
PO, could partially explain the unsatisfactory efficiency of
sevelamer hydrochloride administered at meals to reduce the
intestinal absorption of PO, generated by food intake in long-
term HD patients. To this end, this preliminary open study
tested the hypothesis that adding salivary PO, binding during
fasting periods to sevelamer PO, binding at meals could opti-
mize the efficacy of the latter, thereby facilitating the reduction
of serum PO, toward the recommended levels. The study was
performed with a small uremic HD cohort of patients who had
serum PO, levels >6.0 mg/dl for at least 6 mo despite daily
treatment with sevelamer hydrochloride in the range 0f 3200 to
4800 mg at meals and were undergoing hemodialysis three
times a week for not less than 12 mo. The HD patients were
directed to chew a newly formulated gum acting as a slow de-
livery system for a middle viscosity, highly deacetylated chi-

tosan polymer, tested in vitro for its PO,-binding capability.
The 20-mg chitosan-loaded chewing gum was administered
twice daily during fasting periods (i.e., between meals) for 2 wk
as an add-on to sevelamer hydrochloride treatment, and the
effect on salivary and serum PO, level was evaluated.

RESULTS

In Vitro Characterization of Chitosan PO, Binding

Viscosity is an index of chitosan molecular weight.!! PO,-
binding capability was determined in low and medium molec-
ular weight chitosan, using the A and B protocols developed by
Zhang and Zhang'? to quantify the chitosan PO,-binding ca-
pability in an aqueous solution at neutral pH, where the poly-
mer is totally insoluble, and in an acidic solution, where chi-
tosan is easily soluble and shows gelling properties. Data are
summarized in Table 1. In protocol A, low- and middle-viscos-
ity chitosan with a degree of deacetylation =75% was tested at
pH 6.5, thus mimicking the physiologic pH of the human
mouth. In these experimental conditions, chitosan is practi-
cally insoluble, and its PO,-binding capability relies on the
degree of chitosan deacetylation and related polyelectrolytic
structure, mucoadhesivity, and retention time onto the gastro-
intestinal mucosa, as described by Grabovac et al.'? 3P huclear
magnetic resonance (*'P-NMR) analysis showed that 2, 10,
and 15% (wt/vol) low-viscosity chitosan was able to remove
10, 15, and 20%, respectively, of the 10 mM PO, contained in
1 X reference PBS (Sigma; corresponding to 10 mM PO, in 10
ml [pH 6.5]). Two, 10, and 15% (wt/vol) middle-viscosity chi-
tosan was able to remove 15, 25, and 33%, respectively, of the
10 mM PO, contained in 1X PBS solution. These results indi-
cate that increasing chitosan concentrations are able to bind
increasing amounts of PO, from PBS, at pH 6.5. Moreover, the
higher the chitosan viscosity, the stronger its PO,-binding ca-
pability. For this reason, protocol B was performed with the
middle viscosity chitosan, dissolved in 0.2 M acetic acid (pH
4.2). When PBS was then added to the chitosan solution to test
its PO,-binding capability in an acidic environment, thus
mimicking chitosan behavior in the stomach, 10 and 20% (wt/
vol) middle-viscosity chitosan solutions were able to bind 30
and 50%, respectively, of the 10 mM PO, contained in PBS.
Altogether, these results confirm the good binding capability

Table 1. Results of the “in vitro” determination of PO, binding capability by low and medium viscosity chitosan

Low Viscosity

Medium Viscosity

Chitosan (g/ml) PBS
PBS Chitosan PBS Chitosan
Protocol A (%)
2 1 0.90 0.10 0.85 0.15
10 1 0.85 0.15 0.75 0.25
15 1 0.80 0.20 0.67 0.33
Protocol B (%) Liquid Phase Chitosan
10 1 0.70 0.30
20 1 0.50 0.50
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of chitosan, depending on its degree of deacetylation, molecu-
lar weight, and pH conditions.

Clinical Evidence

As expected by the low chitosan dosage administered (40
mg/d), no patients reported or showed any adverse event
related to the chewing gum, confirming reports of chitosan
as safe when used in diets to control hyperlipidemia, at dos-
ages at least 10-fold higher than that used in this study.'*!>
In the 6 mo before chewing gum exposure, patients were
administered a protein diet content of 1.2 g/kg per d. Pa-
tients’ age; gender; dialytic age; sevelamer hydrochloride
daily dosage and number of pills per day; and average serum
PO,, Ca?", and PTH levels in the 6 mo before chewing gum
exposure are reported in Table 2. Patients were consecu-
tively recruited to the study when they requested a repeat
prescription of sevelamer. All of the patients recruited to
this study had their sevelamer consumption recorded, this
being the drug regularly provided by the hospital pharmacy
on a schedule defined by the individual daily dosage. The
dialysis protocol, sevelamer daily dosing, and protein diet
content remained unchanged for the duration of the study
and the follow-up period. For both sevelamer and the chi-
tosan-loaded chewing gum, the medical staff dispensed to
patients at study entry the number of tablets needed for
treatment during the study period. With the exception of
patient 5, who required only 180 sevelamer tablets to cover
the study period fully, all of the others were supplied with
two 180-tablet sevelamer packages, the second being pro-
vided at the end of week 5 for patients 2 and 9 or at the end
of week 4 for all of the others. Thirty chewing gum tablets
were provided in a bottle to each patient. Patients were in-
structed to supplement their regular sevelamer intake at
meals with the chewing gum, to be chewed for 60 min, one
in the morning and the other in the afternoon, between
major meals. The numbers of chewing gum and sevelamer
tablets was counted to assess consumption at the end of
weeks 2 and 6, respectively. Each patient returned two

Table 2. Patients characteristics®
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chewing gum tablets (28 tablets consumed during 14 d). The
returned sevelamer tablets were as follows: 12 from patient 5
(168 tablets consumed during 42 d of study period [i.e., 4
tablets/d (3200 mg/d)]), 150 from patients 2 and 9 (210
tablets consumed during 42 d of study period [i.e., 5 tab-
lets/d (4000 mg/d)]), and 108 from all of the others (252
tablets consumed during 42 d of study period [i.e., 6 tab-
lets/d (4800 mg/d)]). Salivary and serum PO, levels during
chewing gum use (weeks 1 and 2) and after discontinuation
(weeks 4 and week 6) are summarized in Table 3 and Figure
1. When compared with baseline serum values, any reported
difference can be attributed to additional salivary PO, bind-
ing (chitosan-loaded chewing gum, weeks 1 and 2) over and
above that accounted for by the established diet and sevel-
amer treatment (unchanged from week 0 to week 6). Com-
pared with baseline values, salivary PO, content declined
significantly from 73.21 * 19.19 to 52.02 = 12.89 mg/dl in
week 1 (—28.8%; P < 0.01) and to 33.19 * 6.53 mg/dl in
week 2 (—54.7%; P < 0.00001). A significant difference in
salivary PO, levels was also recorded between week 1 and
week 2 (—36.2%; P < 0.0001). In week 4 (i.e., 15 d after
chewing gum discontinuation), salivary PO, levels (68.91 =
16.05 mg/dl) returned to baseline values, remaining practi-
cally constant also at week 6 (i.e., 30 d after chewing gum
discontinuation; 75.33 *= 18.11 mg/dl). Compared with
baseline values, serum PO, levels significantly decreased at
week 1 from 7.60 = 0.91 to 5.38 = 0.81 mg/dl (—29.2%; P <
0.00001) and to 5.25 * 0.89 mg/dl (—30.9%; P < 0.00001)
at week 2. Serum PO, levels were lower than baseline
(5.64 = 1.02 mg/dl; —25.8%; P < 0.0001) 15 d after chewing
gum discontinuation (week 4) but returned to baseline val-
ues 30 d after chewing gum discontinuation (week 6; 7.55 =
0.75 mg/dl).

ANOVA was computed from logarithmically transformed
data. Mean PTH and serum Ca concentrations did not change
significantly at weekly intervals (up to 42 d) compared with
baseline, whereas calcium-phosphate product values signifi-
cantly decreased by 28.4% at week 1 and 30.6% at week 2 (P <

Patient Gender ?j;a Di;yetlc Seve::’ln;e[rr:.leD:illlli /I;)]c;sage Serum PO, Ca?* PTH
1 F 65 12 4800 (6) 7.08 = 0.12 8.75+0.26 658.33 £ 11.25
2 M 63 18 4000 (5) 6.32 £0.12 8.58 £ 0.21 223.33 £ 25.03
3 M 58 18 4800 (6) 7.85 +0.76 8.17 £ 0.36 287.67 * 30.87
4 M 62 96 4800 (6) 8.95 + 0.54 8.03 £ 0.47 703.33 = 42.27
5 M 55 17 3200 (4) 6.07 =£0.08 8.27 £ 0.23 251.00 = 26.50
6 M 62 22 4800 (6) 7.52 =0.12 8.88 = 0.08 358.33 *=7.53
7 M 30 14 4800 (6) 7.27 = 0.41 8.87 £ 0.36 375.00 £ 18.71
8 M 78 264 4800 (6) 6.93 £ 0.31 8.60 = 0.21 828.00 * 56.36
9 F 56 204 4000 (5) 6.58 = 0.60 9.13 = 0.56 143.00 =+ 3.46
10 F 58 180 4800 (6) 8.30 = 0.30 8.90 = 0.09 735.00 + 28.81
11 M 62 72 4800 (6) 7.40 = 0.09 8.82 = 0.08 665.00 £ 12.25
12 M 71 84 4800 (6) 7.22 =0.33 8.75+0.14 678.33 £ 14.72
13 F 69 27 4800 (6) 6.88 £ 0.10 8.90 + 0.24 133.83 *£4.92
?Data are means * SD.
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Table 3. Parameters at baseline (T0), during chewing gum use (weeks 1 and 2), and after chewing gum discontinuation

(weeks 4 and 6; n = 13)?

Follow-up (after Chewing Gum

Parameter Base(:ine Chewing-Gum Add-on Discontinuation)
T Week 1 Week 2 Week 4 Week 6
Serum Ca (mg/dl) 8.41 = 0.98 8.35 £ 0.54 8.45 + 0.63 8.45 +0.70 8.58 £ 0.70
PTH (pg/ml) 508.42 + 283.88 44475 + 238.80 397.67 £ 254.20 382.92 £ 221.80 496.35 = 285.75
Salivary P (mg/dl) 73.21 £19.19 52.02 = 12.89 33.19 = 6.53 68.91 = 16.05 75.33 = 18.11
Serum P (mg/dl) 7.60 = 0.91 5.38 £ 0.81 5.25 + 0.89 5.64 = 1.02 7.55 *0.75
Calcium-phosphate product 63.82 = 10.01 45.68 * 6.45 44.30 = 7.99 47.75 = 9.89 64.71 = 8.03
?Data are means * SD.
M tinal fluid could be proposed, which forecasts an additional
0 weekly intestinal PO, load of at least 2500 mg. This estimate is
-1 comparable to the still poorly understood dietary PO, burden
3 2 from food additives.!® In HD patients at high risk for cardiac
E Ll —m— Delta P (blood) mortality, such a salivary PO, contribution could partially ex-
4 = il Mt plain the unsatisfactory control of hyperphosphatemia exerted
by the currently available non—calcium- and metal-free PO,

I3
D

T T T /4/ T T
T0 Week 1 Week 2''Week4 Week6

Timepoints

Figure 1. Serum and salivary PO, levels (mg/dl) at baseline (T0),
at 7 d (week 1) and 14 d (week 2) of chewing gum use, and at 14 d
(week 4) and 30 d (week 6) after chewing gum discontinuation.

0.00001) and by 25.2% at week 4 (P < 0.0001) and fully re-
versed to baseline at week 6 (Table 3), following the serum PO,
trend.

DISCUSSION

Saliva is a good indicator of the plasma levels of various sub-
stances, particularly toxic materials.'® We previously reported
that increased serum PO, levels are reflected in increased sali-
vary PO, content in patients with CKD and HD patients.®?
Despite undergoing dialysis three times a week and being reg-
ularly treated with sevelamer hydrochloride for at least 12 mo
at study entry and before chewing gum use, our HD patients
had a mean salivary PO, level of 73.21 = 19.19 mg/dl and a
mean serum PO, level of 7.6 * 0.9 mg/dl, thus remaining at
high risk for cardiovascular disease and cardiac mortality.
Daily salivary secretion volumes range between 500 and 700
ml,'¢ and even higher rates have been reported in healthy pop-
ulations,!” whereas low salivary flow rate has been documented
in HD patients with diabetes.'® Our HD patients neither had
diabetes nor presented signs or symptoms of autonomic neu-
ropathy. Moreover, dry mouth symptoms and Sjogren syn-
drome were exclusion criteria, and the Saxon test showed a
normal salivary secretion among the enrolled patients. In our
HD patients, taking into account the high salivary PO, content
with sevelamer treatment only (baseline values) and a daily
salivary production of 500 ml, a conservative estimate of at
least 366 mg of bioavailable PO, daily entering the gastrointes-
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binders administered at meals, with the intent to restrict the
intestinal absorption of PO, generated from food intake. In
this preliminary study, we observed an approximate average of
2-mg/dl reduction in serum PO, after 15 d of salivary PO,
binding during fasting periods, as an add-on to sevelamer
treatment.

Our observations are preliminary and require confirmation
in a randomized, double-blind, placebo-controlled clinical
study on a larger HD population, in which fecal PO, elimina-
tion also needs to be determined. Nevertheless, the reduction
observed in serum PO, by adding to sevelamer salivary PO,
binding during fasting periods is worthy of note. Although
chitosan loaded into the chewing gum seems to affect salivary
PO, binding into the mouth acutely, the delayed recovery in
serum PO, merits further studies. It could be suggested that
chitosan, once solubilized into the stomach at acidic pH, could
be retained onto the gastrointestinal mucosa for a prolonged
time (estimated by some authors to be in the order of 17 to
40 h, depending on pH and the manufacturing process of chi-
tosan),'? thereby exerting further PO, binding. The daily re-
moval of an additional PO, load from gastrointestinal fluids
could support sevelamer treatment. It could be inferred that
our observations simply mirror increased adherence to the
medically advised diet and sevelamer treatment during the
study. The short study duration, the provision and accounting
for pills, and counseling for both sevelamer and chewing gum
use seem to indicate that counseling was sufficient to support
adherence. We agree with Haynes et al.'® on the concept that
adherence, measured with a pill count, may not be a reliable
method to ensure compliance to treatment. What is more ef-
fective is the measurement of serum PO, before, during, and
after treatment. To this end, diet and sevelamer hydrochloride
do not seem to explain the salivary and serum PO, reduction
observed by adding on the chewing sessions during fasting pe-
riods for 14 d. This being the case, a similar trend in the recov-
ery of salivary and serum baseline values should have been

J Am Soc Nephrol ee : —, 2009



detected. Although salivary PO, levels correlate with serum PO,
values in HD patients,® no significant variability was observed in
patients’ serum PO, in the 6 mo before study entry, thereby sup-
porting patients’ compliance to diet and sevelamer use. Hyper-
phosphoric saliva seems to be an epiphenomenon in CKD and
ESRD,%* thus specifically suggesting local binding to affect PO,
balance positively. As a proof of concept, salivary PO, immedi-
ately regained baseline values at chewing gum discontinuation,
whereas an additional 2 wk was required for serum PO, to regain
baseline values progressively (week 6). If the dietary management
of salivary PO, by means of the chitosan-loaded chewing gum
were irrelevant to the overall intestinal PO, absorption and/or to
sevelamer efficiency in PO, intestinal binding, then no stepwise
rises in serum PO, should have occurred during follow-up.

Whatever the mechanism, this delayed recovery of PO, may
also explain the intriguing observation on PTH trend. Despite
that serum PTH levels did not reach statistical significance, it
paralleled serum PO, throughout the study, including the se-
rum PO, level at chewing gum discontinuation. This clearly
evident trend of serum PTH, even in the small cohort of pa-
tients of this study, deserves consideration. Hyperphos-
phatemia has a known direct influence on PTH synthesis and
secretion, which seems to involve posttranscriptional mecha-
nisms, leading to a prolonged PTH mRNA half-life and there-
fore PTH synthesis.?* The PO, reduction achieved during chi-
tosan-loaded chewing gum treatment might well interact with
PTH mRNA stability and increase transcript degradation,
thereby reducing serum PTH level. This effect on PTH, sug-
gested to be induced by PO, restriction,?! can be observed in
our patients even after the discontinuation of chewing gum
and in the presence of a serum PO, levels even lower than at
baseline. In our study, PTH also seemed to change along with
serum PO,, extending the positive effect of salivary PO, bind-
ing to the overall PO,—PTH relationship. Further studies of
patients using chitosan loaded chewing gum for the dietary
management of salivary PO, during a longer treatment period,
with a larger patient population, and a specific investigation
into PTH at molecular level could clarify these aspects.

The exact mechanism of salivary PO, binding exerted by the
chitosan loaded into the chewing gum is under investigation,
although the behavior of the three-layered gum, with the inner
gum core acting as a slow delivery system for insoluble active
principle ingredients (API) during a 60-min chewing session,
has been previously described.?? To this end, intensive devel-
opmental studies are ongoing.

In conclusion, the results of our study suggest that salivary
PO, binding could be a useful approach to the dietary manage-
ment of serum PO, level reduction in HD patients and that
chewing sessions in fasting periods, as an add-on to phosphate
binders at meals, lead to a better control of hyperphos-
phatemia. Given the importance of hyperphosphatemia in the
high morbidity and mortality of patients with ESRD, the re-
quirement to achieve neutral PO, balance by means of differ-
ent PO, binders with different mechanisms of action could be
helpful to improve patient compliance and reduce pill burden.

J Am Soc Nephrol ee : —, 2009
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CONCISE METHODS

In Vitro Study of Chitosan’s Phosphate-Binding
Properties

The cationic biopolymer chitosan [poly(1-4-2-amino-2-deoxy-B-p-glu-
cosamine)] derives from chitin de-N-acetylation. The OH and NH, po-
lar groups in the structure act as electron donors and interact with inor-
ganic salts. Solubility and viscosity (index of chitosan molecular weight)
depend on deacetylation grade, chain length, and pH. The chemical and
binding properties of chitosan have been extensively described.?> Mim-
icking the human mouth environment at pH 6.5, water-insoluble low-
and middle-viscosity polymers (Fluka, ref. 50494 and 28191, deacetyla-
tion degree 75 to 86%) were tested for their PO,-binding capability ac-
cording to published protocols (protocols A and B).'? In protocols A and
B, any detected quantitative difference in PO, content in PBS relies on
chitosan-bound PO,. In protocol A, PO, binding was expressed as the
difference in PO, amount between 1X PBS and 2, 10, and 15% (wt/vol)
chitosan-PBS solutions. After centrifugation, 0.5 ml of the supernatant in
chitosan-PBS as well as the reference PBS were sampled for NMR analysis
by Varian 500-MHz High-Resolution >'P-NMR, with monodimen-
sional spectra acquisition at 300°K. In protocol B, medium-viscosity chi-
tosan was dissolved into 0.2 M acetic acid to give a 10 and 20% (wt/vol)
solution at pH 4.2. The solutions were subsequently stirred at 50°C for
approximately 2 h to obtain a homogeneous solution and then filtered to
remove air bubbles. The final solutions were added to 0.0931 g of PBS
powder and then frozen at —20°C to allow phase separation. A total of 0.5
ml of the liquid phase as well as of the reference PBS was analyzed by
NMR.

Chewing Gum

The 20-mg chitosan-loaded chewing gum was manufactured as cold
compressed three- layered tablets, 1.7 g in weight. The patented tablet
(W02004/073691, EP 1594478) is composed of two external layers
allowing cold compression of the inner butyl rubber core. Before
compression, the inner core was premixed with excipients and medi-
um-viscosity, food-grade chitosan powder. Acting as a delivery sys-
tem, the chewing gum has been noted for its fast release of soluble APT
from the external layers and slow release of insoluble API over a 60-
min chewing session.2?

HD Patient Recruitment and Study Design
After ethics committee approval, HD patients at the Dialysis Unit of

Papardo Hospital, Messina, were provided with detailed information
on the aim and methods of the clinical test. According to our previous
protocols,®? exclusion criteria were diagnosis of acute infections, ma-
lignancy, ongoing inflammatory processes, dry mouth symptoms,
Sjogren syndrome, vegetative nervous system alterations, and auto-
nomic diabetic neuropathy. Thirteen long-term HD patients, receiv-
ing bicarbonate dialysis using polysulphone dialyzers for 210 to 240
min three times a week during a period of not less than 12 mo (with
single-pool KT/V ratio expressed as mean = SD of KT/V determina-
tions performed every month for all patients of 1.39 = 0.15) gave their
informed consent (refer to Table 2 for age, gender, dialytic age, and
serum PO, level in the 6 m before recruitment). All of them were
regularly treated with sevelamer hydrochloride at meals, at dosages of
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3200 to 4800 mg/d. Sevelamer treatment was continued during and
after the study. The observational period covered 6 wk, as follows. The
13 HD patients were initially evaluated for salivary PO,, serum PO,,
serum calcium phosphate product, and PTH levels (week 0). Salivary
PO, determination was performed before the dialysis session and 30
min after a mouth-washing with deionized water. Salivary samples
were obtained by direct suction of a fixed 2 ml of salivary volume from
the mouth’s vestibule, using an automatic pipette. All patients were
checked for normal salivary function using the Saxon test, as de-
scribed previously.®® Blood samples for serum PO,, serum calcium
phosphate product, and PTH level evaluation were also collected be-
fore starting the HD sessions. In weeks 1 and 2, the 20-mg chitosan-
loaded chewing gum was added to sevelamer hydrochloride. The 13
HD patients were instructed to chew the gum two times a day during
fasting periods (i.e., between meals) for 60 min and to spit it out at the
end of the chewing session. At the end of week 2, the chewing gum was
withdrawn, whereas dialysis and sevelamer hydrochloride were regu-
larly maintained for all of the remaining observational period. Sali-
vary PO,, serum PO,, and PTH data were collected at weeks 4 and 6
(i.e., 15 and 30 d) after chewing gum discontinuation. Serum and
salivary PO, levels were determined after centrifugation of the sample
by a spectrophotometric assay using a flex reagent cartridge (Dade
Behring, Newark, NJ). Serum PTH concentrations were evaluated
using the Immulite 2000 intact PTH, solid-phase, two-site chemilu-
minescent enzyme-labeled immunometric assay (Diagnostic Product
Corp., Los Angeles, CA), with normal values up to 53 pg/ml.

Statistical Analysis
Data are presented as means = SD. One-way ANOVA was used for

univariate and multivariate repeated-measures analysis using Stat-
graphics statistical software (Statgraphics, Herndon, VA). Pairwise
comparisons between the baseline values and values detected during
chewing gum use (weeks 1 and 2) and values detected after chewing
gum withdrawal (weeks 4 and 6) were carried out when ANOVA was
found to be significant. Multiple-comparison type I error rate adjust-
ment was based on a two-sided Bonferroni criterion, in which the
experimental type I error rate was =0.05. Model goodness of fit was
evaluated by standard residual diagnostic procedures. A logarithmic
transformation of data was performed, when necessary.

ACKNOWLEDGMENTS
We thank CM&D Pharma Limited, UK, for the supply of the experi-

mental chewing gum.

DISCLOSURES
M.C.C. is R&D Project Leader at CM&D Pharma Limited, UK.

REFERENCES

1. Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T, Port FK: Asso-
ciation of elevated serum PO,, CaxPO, product, and parathyroid

6 Journal of the American Society of Nephrology

10.

11.

15.

16.

20.

21.

22.

23.

hormone with cardiac mortality risk in chronic hemodialysis patients.
J Am Soc Nephrol 12: 2131-2138, 2001

. Emmett M: A comparison of clinically useful phosphorus binders for

patients with chronic renal failure. Kidney Int Suppl $25-532, 2004

. Li XL, Yang HY, Giachelli CM: Role of sodium-dependent phosphate

cotransporter, Pit-1, in vascular smooth muscle cell calcification. Circ
Res 98: 905-912, 2006

. Finn WF: Phosphorus management in end-stage renal disease. Semin

Dial 18: 8-12, 2005

. Kuhlmann MK: Practical approaches to management of hyperphos-

phatemia: Can we improve the current situation? Blood Purif 25:
120-124, 2007

. Savica V, Calod LA, Monardo P, Santoro D, Bellinghieri G: Phosphate

binders and management of hyperphosphatemia in end-stage renal
disease. Nephrol Dial Transplant 21: 2065-2068, 2006

. Young EW, Akiba T, Albert JM, McCarthy JT, Kerr PG, Mendelssohn

DC, Jadoul M: Magnitude and impact of abnormal mineral metabo-
lism in hemodialysis patients in the Dialysis Outcome and practice
patterns study (DOPPS). Am J Kidney Dis 44: 34-38, 2004

. Savica V, Calo LA, Santoro D, Monardo P, Granata A, Bellinghieri G:

Salivary phosphate secretion in chronic kidney disease. J Renal Nutr
18: 87-90, 2008

. Savica V, Calo LA, Caldarera R, Cavaleri A, Granata A, Santoro D,

Savica R, Muraca U, Mallamace A, Bellingheri G: Phosphate salivary
secretion in hemodialysis patients: Implications for the treatment of
hyperphosphatemia. Nephron Physiol 105: 52-55, 2007

Uribarri J: Phosphorus homeostasis in normal health and in chronic
kidney disease patients with special emphasis on dietary phosphorus
intake. Semin Dial 20: 295-301, 2007

Tharanathan RN, Kittur FS: Chitin: The undisputed biomolecule of
great interest. Crit Rev Food Sci Nutr 43: 61-87, 2003

. Zhang Y, Zhang M: Calcium phosphate/chitosan composite scaffolds

for controlled in vitro antibiotic drug release. J Biomed Mater Res 62:
378-386, 2002

. Grabovac V, Guggi D, Bernkop-Schniirch A: Comparison of the mu-

coadhesive properties of various polymers. Adv Drug Deliv Rev 57:
1713-1723, 2005

. Shields KM, Smock N, McQueen CE, Bryant PJ: Chitosan for weight

loss and cholesterol management. Am J Health Syst Pharm 60: 1310-
1312, 1315-1316, 2003

Liao FH, Shieh MJ, Chang NC, Chien YW: Chitosan supplementa-
tion lowers serum lipids and maintains normal calcium, magnesium
and iron status in hyperlipidemic patients. Nutr Res 27: 146-151,
2007

Puy CL: The role of saliva in maintaining oral health and as an aid to
diagnosis. Med Oral Patol Oral Cir Bucal 11: E449-E455, 2006

. Lac G: Saliva assays in clinical and research biology. Pathol Biol 49:

660-667, 2001

. Kho HS, Lee SW, Chung SC, Kim YK: Oral manifestations and

salivary flow rate and buffer capacity in patients with end-stage
renal disease. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
88: 316-319, 1999

. Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X: Interventions

for enhancing medication adherence. Cochrane Database Syst Rev (2):
CD000011, 2008

Slatopolsky E, Brown A, Dusso A: Role of phosphorus in the patho-
genesis of secondary hyperparathyroidism. Am J Kidney Dis 37[Suppl
2]: S54-S57, 2001

Moallem E, Kilav R, Silver J, Naveh-Many T: RNA protein binding and
post-transcriptional regulation of parathyroid hormone gene expres-
sion by calcium and phosphate. J Biol Chem 273: 5253-5259, 1998
Jayakumar R, New N, Tokura S, Tamura H: Sulfated chitin and chitosan
as novel biomaterials. Int J Biol Macromol 40: 175-181, 2007

Maggi L, Segale L, Conti S, Ochoa Machiste E, Salini A, Conte U:
Preparation and evaluation of release characteristics of 3TabGum, a
novel chewing device. Eur J Pharm Sci 24: 487-493, 2005

J Am Soc Nephrol ee : —, 2009



