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ABSTRACT

Purpose: To evaluate the effect of a salivary phosphate binder “Chitosan” in a
chewable form on serum and salivary levels of phosphate, calcium and urea in a group
of hyperphosphatemic, hemodialysis pediatric patients suffering from end stage renal
disease. Subjects and Methods: The study comprised 30 children on hemodialysis;
(14 males and 16 females), aging 7-16 years, selected from the hemodialysis units of
Al-Azhar University Hospitals. All the children chewed chitosan loaded chewing gum
for one hour, twice daily, during the fasting hours between meals throughout the trial
period (3 months), while maintained on oral phosphate binders. Results: There was a
statistically significant decrease in the mean serum levels of phosphate and urea as well
as an increase in serum calcium means levels. There was a significant decrease in mean
levels of salivary phosphate and urea and increase in mean levels of salivary calcium.
Conclusion: Chitosan loaded chewing-gum can be safely and effectively used for
management of hyperphosphatemia in hemodialysis pediatric patients, as an addition to
the oral phosphate binders.

INTRODUCTION

Hyperphosphatemia is a common complication of end stage renal
disease (ESRD) and hemodilysis (HD) . Hyperphosphatemia is
a life threatening condition that leads to death from cardiovascular
calcifications . Furthermore, hyperphosphatemia along with calcium
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depletion lead to the development of secondary
hyperparathyroidism, renal osteodystrophy, renal
bone disease and metabolic bone disease ©. In
children, these disorders are associated with growth
problems: and a variety of oral manifestations,
including delayed eruption of the permanent
dentition, enamel hypoplasia and the development
of malocclusion ¢7.

The current strategy for the management of hy-
perphosphatemia is based on dietary phosphate re-
striction, increasing frequency and length of dialy-
sis sessions, and the administration of orally admin-
istered phosphate binders®. Oral phosphate binders
(e.g. Calcium carbonate, Savelamer hydrochloride,
lanthanum etc.), that work by reducing the absorp-
tion of dietary phosphates in gastrointestinal tract ©.

Despite intensive hemodialysis therapy, by in-
creasing the length and frequency of the dialysis
sessions, dietary phosphate restriction, and the ad-
ministration of oral phosphate binders; many he-
modialysis patients fail to achieve the recommend
serum phosphate levels (%11,

With deterioration of renal function; there
will be a compensatory increase of phosphates
excreted in saliva, since phosphates are normally
excreted via parotid gland and pancreatic juice !*
9 An increased salivary excretion of phosphates
has been reported in patients with chronic kidney
disease and hemodialysis patients and independent
on dietary phosphate intake '¥.Salivary phosphates
are ingested with saliva, become absorbed via GIT,
to form an additional load to the dietary phosphate
intake, and hinder the action of oral phosphate
binders ¥,

A novel approach targeting salivary phosphates
by salivary phosphate binders has been proposed as
an addition to oral phosphate binders. Therefore,
adding salivary phosphate binders in a chewable
form during fasting periods to the oral phosphate
binders, taken with meals could optimize the
efficacy of the latter, thereby facilitating reduction
of serum phosphate towards the recommended
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level *>-19_ Studies have shown that “Chitosan” in
a chewable form can be used safely and effectively
in adults as a salivary phosphate binder to reduce
salivary and serum phosphate levels 17

Chitosan is a deacetylation product of “Chitin”;
the principal component of the exoskeleton
of crustaceans (Crabs and shrimps), a natural
polymer of glucosamine "®. Chitosan is nontoxic,
biocompatible, biodegradable, insoluble in water,
and is not cleaved by digestive enzymes, nor is it
absorbed via the alimentary tract, skin or any other
rout. Chitosan is food and drug administration
(FDA) approved as dietary supplement *®. The aim
of this study was to evaluate the impact of long term
effect of a salivary phosphate binder “Chitosan” in
a chewable form on phosphate, calcium, and urea
levels in serum and saliva in hemodialysis children.

SUBJECTS AND METHODS

30 male and female patients aging 7-16 years
were selected to participate in this study, from a
pool of 59 children with ESRD undergoing regular
hemodialysis in the pediatric nephrology units, Al-
Azhar University Hospitals, Cairo. The inclusion
criteria included serum phosphate levels > 6mg/
dL, free from other concomitant systemic diseases
and dialysis period > 1 year. Exclusion criteria
included presence of known allergy to shell fish
(Crabs, Shrimps). All Children received regular
hemodialysis sessions (3essions/week), each
session lasted 4 hours using the same type of dialysis
machine (Fersineus 4008A) and filter (F5). Patients
continued to receive their usual medications:

Phosphate binding drugs, vitamin D and iron.

Ethical Consideration: Research approval was
obtained before research implementation from the
Ethical Research Committee of Faculty of Dental
Medicine for Girls, Al-Azhar University. The
objectives and the aim of the study were explained
to the parents of the eligible children. A written
informed consent was obtained, signed by the
parents of each child.
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Study Design:

Prospective-observational, interventional single
—blind, uncontrolled Clinical Trial.

Medical and Dental History:

Socio — demographic data, history of the renal
disease and dialysis data were obtained from
the patients files. Dialysis efficiency, and blood
chemistry were obtained from the monthly data
sheet, and mean values calculated.

Base-Line Data:

a) Blood chemistry:

Pre-dialysis blood samples were obtained from
all the children through the venous catheter placed
for hemodialysis, and analyzed for serum phos-
phates, calcium and urea just before starting the
clinical trial.

b) Sialochemistry :

Predialysis samples of unstimulated whole
saliva (UWS) were collected from the participants
by the spitting method ®”. The saliva samples were
analyzed for salivary phosphate, calcium and urea.

Study Medication:

A phosphate binding agent in a slow release
oral delivery system comprising chewing gum
and an organic acid. The phosphate binding agent
used in this study was chitosan (Chito — lab) ®
Chitosan-Egypt Co., with degree of deacetylation
> 95, medium viscosity, high molecular weight
(30000Da) in powder form.

Preparation of the Chewable Formula:

20 mg chitosan were loaded in a commercially
available; sugar free chewing gum (Trident) as
cold compressed 3 layered cuboid, patented tablets
measuring 1.7 cm’ each. The patented tablet is
composed of two external layers of the chewing
gum, and an inner core. The inner core is composed
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of medium — viscosity, chitosan powder premixed
with gum arabic as an excipient (binder), and
acidified with 2% acetic acid in a ratio of 1:4 weights
by volume @V. The inner core was placed between
two layers of the chewing gum and compressed thus
acting as a delivery system. The chewing gum was
provided in 3 different flavors: strawberry, mint
and tropical fruits and was distributed according to
the individual preference of the participants. The
chewable formula was prepared by a pharmacist
in a registered lab, under aseptic precautions, and
all the measures of drug dispensing were perfectly
undertaken.

Clinical Trial:

All  children tablets,
containing 20mg chitosan per-piece. All children

received chewable
were requested to chew one piece of the gum for
1 hour during the fasting period between breakfast
and lunch, and another one between lunch and
supper and spit it at the end of the chewing session;
daily and uninterruptedly for a period of 3 months.
Regular weekly checking of the stock of the tablets
delivered to each child was done. As per dialysis
protocol, all the participants had their oral phosphate
binder daily dosing, and diet remained unchanged
for the duration of the clinical trial.

Post-trial study parameters:

a) Blood chemistry:

Pre-dialysis blood samples were obtained from
all subjects through the venous catheter placed for
hemodialysis, and analyzed for serum phosphates,
calcium and urea.

b) Sialochemistry:

Pre-dialysis unstimulated whole saliva samples
were collected from all the children and the saliva
samples were analyzed for salivary phosphates, cal-
cium and urea, using the biochemical autoanalyzer.
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Statistical Analysis

Data were presented as mean, standard deviation
(SD), mean difference and 95% Confidence Interval
(95% CI) for the difference values. For parametric
data, Paired t-test was used for comparisons
between different variables before and after the trial
used to compare between different variables before
and after the trial. The significance level was set at
P < 0.05. Statistical analysis was performed with
IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp.

RESULTS

This study was conducted on 30 hypersphospha-
temic hemodialysis pediatric patients. 2 subjects
(6.6%) died during the study; and the study group
comprised only 28 participants aged 7-16 years: 13
males (46.4%) and 15 females (53.6%). The mean
(SD) values for age were 10.7 (2.2) years old with a
minimum of 7 and a maximum of 16 years. There
was a statistically significant direct correlation be-
tween salivary urea and serum urea at base line.
There was a statistically significant direct correla-
tion between salivary phosphate and serum phos-
phate.
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Post-Trial Changes:

a) Blood chemistry:

There was a statistically significant decrease
in mean serum urea levels at the end of the trial;
there was a statistically significant decrease in mean
serum Phosphate levels at the end of the trial. There
was a statistically significant increase in mean serum
Calcium levels at the end of the trial and there was
a statistically significant decrease in mean Calcium-
Phosphate Product levels at the end of the trial. A
comparison between the mean values of the serum
parameters of the study group before and after the
clinical trial is shown (Tablel).

b) Sialochemistry:

There was a statistically significant decrease in
mean salivary urea levels at the end of the trial, a
statistically significant decrease in mean salivary
phosphate levels at the end of the trial. There
was a statistically significant increase in mean
salivary calcium levels at the end of the trial and
no statistically significant change in mean calcium-
phosphate Product levels at the end of the trial.
A comparison between the mean values of the
sialochemical parameters is presented in (Table 2).

Table (1): Comparison between serum parameters of the study group patients before and after the trial.

Base line After 3 months 95.% CI for
Difference
Mean Effect
Serum Parameter Di Test value | P-value .
ifference Lower Upper size
Mean SD Mean SD bound | bound
Urea (mg/dl) 1882 | 454 163.4 28.7 -24.8 -36.8 -12.7 t=-4231 | <0.001* | d=0.578
Phosphate (mg/dl) 75 1.6 5.6 1.9 -1.9 2.4 -1.5 t=-8.341 | <0.001* | d=1.031
Calcium (mg/dl) 7.7 1.3 8.7 1.8 0.6 14 t=5.539 <0.001* | d=0.594
Calcium- _ " _
Phosphate Product 56.8 12.7 46 14 -10.9 -14.8 -6.9 t=-5.612 | <0.001 d =0.809

*: Significant at P < 0.05
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Table (2): Descriptive statistics and results of paired t-test and Wilcoxon signed-rank test for comparison

between salivary parameters of the study group before and after the trial:

. Mean 95% CI for
Salivary Base line After 3 months Difference Difference
Parameter Test value | P-value | Effect size
Lower | Upper
Mean | SD Mean SD bound | bound
Urea (mg/dl) 1334 | 26 122.1 255 -11.2 -19.8 2.7 t=-2.686 | 0.012* d=0.436
Phosphate (mg/dl) | 275 | 5.2 194 6.6 -8.1 93 -6.9 t=-13.601 | <0.001* | d=1.222
Calcium (mg/dl) 19 1.1 3.1 1.5 12 0.8 1.7 z=-4522 7| <0001* | r=0.855
Calcium-
Phosphate 514 302 58.4 283 6.9 0.5 134 |z=-1.8671| 0.062 r=0.353
Product

*: Significant at P < 0.05, 1: Wilcoxon signed-rank test

DISCUSSION

In the current study, regarding the pre-trial ( base
line) data, salivary phosphates and urea were higher
than those of blood (3.7 times the serum level),
while salivary calcium was less, in agreement with
earlier studies 7'?. The positive correlation between
blood and saliva levels of phosphates, Ca and urea,
observed in this study were consistent with previous
reports ?Y.Several studies have demonstrated high
salivary phosphate levels in hemodialysis patients
compared to controls. Salivary phosphate correlated
well also with serum creatinine, and was 3 times
higher in hemodialysis patients compared to control
subjects **?) According to another study, salivary
urea is the best known, currently used, and most
promising, salivary parameter of renal function with
potential use in both screening and monitoring of
renal function ¥,

To our knowledge; this is the first study on the
long term effect of a chewable phosphate binding
agent (Chitosan) on salivary and serum phosphate
levels in hemodialysis pediatric patients. The few
previous studies on the effect of chitosan on salivary
and serum phosphate levels were performed on
adult and /or elderly hemodialysis population for a
brief period of time (2-3 weeks). Since there are no
similar studies on the effect of chewable chitosan on

salivary and serum phosphate levels in hemodialysis
pediatric patients are available for comparison, the
results of the present study were compared with the
results of previous studies on adult hemodialysis
population %9,

In the present study; reduction of mean serum
phosphate concentration after 3 months of using
chitosan loaded chewing gum was 25.3 % from
base-line value. This significant decrease in serum
to the
goal serum phosphate levels recommended by

phosphate concentration approximates

the national kidney foundation — kidney disease
improving global outcome (NKF- KDIGO) for
the fifth stage of chronic kidney disease ©°.
Meanwhile the mean serum calcium level showed
a 12% increase, approximating to the normal serum
calcium levels. However, in children, determination
of serum phosphate levels is based on serum
calcium levels as per the recommendations of
(NKF- KDIGO) guide lines ?®. Comparable results
on adults showed a 30% decrease of mean serum
phosphate levels after chewing a gum containing
20 mg chitosan for 1 hour, two times per day for 3
weeks 7. In the present study, salivary phosphate
levels decrease was 29.4% after the trial whereas
the same study on adults reported a higher decrease
of 54% in salivary phosphate in 3 weeks @7, In the
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current study salivary urea showed a decrease of
8.4% and serum urea decreased 13%. These results
are comparable with that presented by another
study, which showed reduction of serum urea of
21% after administration of 45mg chitosan daily for
12 weeks @,

The advantage of chewing gum is being kept in
the mouth for prolonged periods and the chitosan
in the chewing gum is slowly released and effec-
tively comes in contact with phosphates present in
the saliva of the user. After binding phosphates in
the saliva, the phosphate bound chitosan may be
swallowed and thus passing through the gastroin-
testinal tract; without being absorbed into the blood
stream Another advantage of chewing gum is that
phosphate bound chitosan may be still present in the
chewing gum and by the disposal of the chewing
gum after the chewing session; swallowing of more
phosphates is avoided ®®.This may be advantageous
when compared to other delivery vehicles such as
tablets, lozenges etc.

It has been reported that the phosphate binding
ability of chitosan is improved by combining chito-
san with an organic acid, which can reduce the level
of free phosphates in the saliva *”. Since binding of
phosphate by chitosan results from the ionic inter-
action between positively charged amine moieties
(NH) ** of the glucosamine polymer and negative
charges of phosphate (PO4~), combining chitosan
with an acid provides an extra positively charged
hydrogen ion (H*) to the amine group, thus increas-
ing its capacity to bind phosphate .thus it has been
advised that the chewable formulation should com-
prise an organic acid as an enhancer of the phos-
phate binding ability of chitosan ®.In the present
study; 2% acetic acid was used as an enhancer of the
phosphate binding ability of chitosan as described
in other studies, which recommended that the oral
delivery system should contain chitosan and an or-
ganic acid in a ratio of 1:4 weight by volume ©?.

In the present study; gum arabic was used as a
binder excipient to chitosan powder. Gum arabic is
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a natural polymer that mixes well with chitosan. It is
chemically inert, biocompatible and water soluble.
It dissolves slowly in saliva assuring a continuous
slow release of the principle active ingredients in
the chewing gum; thus establishing a suitable slow
release oral delivery system 03D,

No interventional trials in the literature have
demonstrated the impact of chewable chitosan of
salivary and serum phosphate levels in hemodialysis
pediatric patients. Thus, until similar studies are
performed on hemodialysis pediatric patients; are
performed this study will stand alone, waiting for
further researches in the future. Finally, it should be
mentioned that the present study is a preliminary
study on the effect of chewable chitosan on both
salivary and serum phosphate levels in hemodialysis
pediatric patients. Further double — blind, placebo
controlled studies are needed, however, to confirm
the results of this study.

CONCLUSION

Chitosan in a chewable formula can be safely
and effectively used for the management of
hyperphosphatemia
patients, as an addition to oral phosphate binders.

in hemodialysis pediatric

RECOMMENDATIONS:

1. The use of chitosan - containing flavored
chewing gum as an easy, convenient, well
accepted supplement that can be used to control
phosphate levels, alleviate thirst sensation, help
compliance to fluid restriction, control of IDWG
and improve the quality of life of hemodialysis
population.

2. Encourage the use of salivary biomarkers instead
of conventional invasive skin pricking blood
tests in the diagnosis and monitoring disease
activity in hemodialysis pediatric patients.

3. Rising the awareness of the importance of oral
and dental hygiene among the hemodialysis
population through education and motivation is
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mandatory as well as recommending periodic
dental checkups. Oral hygiene measures and
instructions of oral home care habits for all
children on hemodialysis as well as their
families and /or guardians are necessary.

4. Esthetic restorations may be needed in cases
of disfiguring enamel defects or hypoplasia
to improve self-image and confidence of the
hemodialysis child.
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