Ibrahim et al. European Journal
European Journal of Medical Research (2023) 28:406

https://doi.org/10.1186/540001-023-01351-9 of Medical Research

. ®
Effectiveness of thyme honey ke

in the management of xerostomia in geriatric
patients with end-stage renal disease:

a randomized controlled clinical trial

with a biochemical assessment

Suzan S. Ibrahim'2, Asmaa Abou-Bakr'3"®, Dalia M. Ghalwash? and Radwa R. Hussein'

Abstract

Background Taking into consideration the value of the oral health condition in geriatric people with end-stage renal
disease (ESRD) associated with xerostomia and believing that salivary stimulants or substitutes could potentially be
used to manage this condition. This study aimed to evaluate the clinical effectiveness of thyme honey as oral rinse

in geriatric patients with ESRD using the subjective dry mouth score as a primary objective and to assess the effect

of thyme honey on the salivary nitric oxide level, salivary flow rate, and salivary ph in addition to objective dry mouth
score as a secondary objective.

Methods This was a single blinded randomized controlled trial with two equal arms, the interventional arm (thyme
honey oral rinse) and the control arm (saline). Twenty-eight geriatric patients with ESRD undergoing hemodialysis
complained of xerostomia were recruited from the renal dialysis center. Patients in both arms followed the same
administration protocol either with thyme honey oral rinse or saline. The following clinical parameters (the subjective
and objective dry mouth scores, salivary flow rate, salivary ph, and salivary nitric oxide (NO) levels) were evaluated

for both groups at different intervals (baseline, 1 week, and 1 month).

Results In the current study, it was found that both the subjective and objective dry mouth scores were significantly
lower after one month of using thyme honey oral rinse (1 86+0.66% and (2.21 +0.438) respectively, than the control
group (3.07 + 0.73% and (3.07 £0.835), respectively with a (p <0.001). Also, the salivary flow rate was significantly higher
after one month of using thyme honey oral rinse (1.56+0.51 A, than the control group (0.78£0.27" with a (p<0.001).
For the NO levels, there was a significant increase in measured value after 1 month in the intervention group
(p<0.001), while for the control group the change was not statistically significant (p=0.166).

Conclusions The results of the current study have revealed the efficacy of Thyme honey oral rinse in the manage-
ment of xerostomia in geriatric patients with ESRD.

Trial registration The ClinicalTrials.gov Identifier for this study is NCT05247008.
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Introduction

In the past two to three decades, extensive research has
been conducted on the oral and dental health of elderly
people. Dental caries, tooth loss, periodontitis, xerosto-
mia, oral pre-cancerous or malignant lesions, and oral
health-related quality of life were the oral conditions
associated with older patients [1].

For the foreseeable future, an aging population with a
high rate of coexisting illnesses is anticipated to exist with
a prevalence of 46.3% chronic kidney disease (CKD) [2],
and the number of patients affected by CKD has also been
increasing, affecting an estimated 843.6 million individuals
worldwide in 2017 [3], 66% hypertension, and 23% diabe-
tes [4, 5], while the prevalence of ESKD grew by a median
43% [6]. CKD is becoming prevalent among the general
population around the world [7], and the impact of ESRD
on the world’s health system is rising quickly [8]. Patients
with ESRD tend to have xerostomia more frequently, with
prevalence rates ranging from 28.2 to 78.8% [9].

Hemodialysis (HD) has a significant effect on salivary
secretion and the biochemical composition of saliva, as
patients on HD have decreased salivary flow rates [10].
A fluid-restricted diet, the use of several drugs induced
xerostomia, the dialysis method itself, and/or salivary
gland fibrosis and atrophy may all contribute to dry
mouth in ESRD patients [11], additional factors like
aging, hormonal imbalances, social and psychological
issues could have an impact too [10, 12].

The subjective sense of oral dryness known as xeros-
tomia is most usually associated with either diminished
salivary flow or altered salivary composition. On the
other side, Hyposalivation is objectively determined as a
reduction in salivary flow rate. Xerostomia is a somewhat
common condition, especially in elderly adults, and it can
have serious effects on a person’s overall health, including
oral health [13].

In earlier investigations, a variety of pharmacological
and non-pharmacological treatments based on stimulat-
ing salivary gland flow were evaluated to treat xerostomia
and increase salivary flow in individuals with ESRD. Local
stimulation as chewing of gum or citrus solid food or
fruits, using various mouthwash formulas, low-level laser
therapy, and acupuncture were used in the management
of xerostomia, while, systemic stimulation with drugs like,
angiotensin-converting enzyme inhibitors, cevimeline,
pilocarpine, and angiotensin-receptor antagonists can all
be used to mechanically stimulate salivary glands [14—18],
but due to their cholinergic effect, these drugs have various
contraindications like asthma, chronic obstructive pulmo-
nary disease, heart failure, epilepsy, hyperthyroidism, glau-
coma, gastric ulcer, kidney stones and Parkinson’s disease
[19], and also due to their short relief duration, patients
must take them for the rest of their lives [20].
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Overall, it appears that the therapies that are cur-
rently accessible do not offer a long-term, complete,
or successful management of xerostomia. This has
increased the need for additional research into alter-
native therapies for the treatment of xerostomia [10],
especially in elderly patients with various systemic
diseases that may get unwanted side effects from the
above-mentioned drugs.

Honey has many therapeutic potentials, and it doesn’t
cause negative effects like other pharmaceutical treat-
ments [21, 22]. Thyme honey, a propolis gel product with
potent antibacterial, antioxidant, antifungal, and immu-
nomodulatory effects [23-27], is a novel alternative for
the management of xerostomia [28]. Owing to the high
sugar content of honey, it is thought that its presence in
the mouth cavity has a sialagogue effect, causing the sali-
vary glands to secrete more saliva [28, 29].

The production of saliva is significantly influenced by
nitric oxide (NO), which is a biological messenger and a
free radical [30]. NO is the primary molecule for signaling
homeostasis and has a significant role in saliva secretion
[31]. NO is a crucial biochemical marker engaged in the
salivary glands’ pathological and physiological functions.
Increased oral mucus production and mucosal blood flow
are indicated by high levels of nitrate and nitrite (stable
metabolites of NO) in normal saliva [30-32].

Endogenous nitric oxide production in chronic renal
failure patients is controversial. It has been suggested
that the increase in the NO concentration may improve
some pathological changes in uremia patients. The
increase in NO in patients on hemodialysis could be
due to hemodialysis membrane and/ or lack of renal
excretion [33, 34]. Blichard et al. [35] have stated that
NO is an important biomarker in monitoring hemodi-
alysis effects on salivary NO concentrations.

To the best of the author’s knowledge, there are no
published data regarding the use of Thyme honey oral
rinse in the management of xerostomia in geriatric
patients with ESRD. So regarding the up mentioned
properties of Thyme honey, we hypnotized that using
thyme honey oral rinse could improve subjective and
objective dry mouth scores by increasing the salivary
NO levels.

Materials and methods

Sample size calculation

A power analysis was designed to have adequate
power to apply a statistical test of the null hypothesis
that there is no difference would be found between
tested groups regarding the perception of xerostomia.
By adopting alpha (a) and beta (f5) levels of (0.2) (i.e.,
power =95%), and a critical z-value of (1.96) calculated
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based on the results of a previous study’ the minimum
required sample size (#) was found to be (28) cases (i.e.,
14 cases per group). Sample size calculation was per-
formed using G*Power version 3.1.9.7*According to a
previous study by Yu et al. [36], summated xerostomia
inventory (SXI) was 14.1+5.8 at baseline, in compari-
son to 11.2 +4.6 after treatment.

Study design
This study was designed as a single-blinded randomized
controlled clinical trial with a biochemical assessment.
Two arms (intervention and control) and with a 1:1 allo-
cation ratio.

Patient selection

Patients in both groups (intervention and control) were
geriatric with ESRD undergoing hemodialysis who
were complaining of xerostomia were selected from the
hemodialysis center at Benha university hospital. Ethical
approval of the study from the Faculty of Dentistry Ain
Shams University Research Ethics Committee (FDASU-
REC). The procedures were fully explained to the patients
and they were asked to sign an informed consent.

Randomization and masking
The patients were randomized from the beginning of the
treatment to either the intervention or the control arm by
implementing simple randomization using the envelope
method. Based on this method, a pack of sealed enve-
lopes including a card with either the word ‘intervention
arm’ or ‘control arm’ written inside, was given to each
patient after the agreement to participate in the study.
Depending on which card was selected by the patients,
they were allocated to the respective arm. The process of
randomization and allocation of the participants to the
two groups was overseen by an external, to study, third
party.

The xerostomia was determined according to the fol-
lowing criteria:

(1) Subjective symptoms of oral dryness. [37]

Using a questionnaire was recorded according to the
following:

Q1. Does your mouth feel dry?

! Charalambous, Andreas, et al. "The effectiveness of thyme honey for the
management of treatment-induced xerostomia in head and neck cancer
patients: A feasibility randomized control trial." European Journal of Oncol-
ogy Nursing 27 (2017): 1-8.

% Faul, Franz, et al. "G* Power 3: A flexible statistical power analysis pro-
gram for the social, behavioral, and biomedical sciences." Behavior research
methods 39.2 (2007): 175-191.
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Q2. Do you sip liquids to aid in swallowing dry food?
Q3. Does your mouth feel dry when eating a meal?

Q4. Does the amount of saliva in your mouth seem to
be too little?

Subjects who answered affirmatively to at least one of
the questions related to oral dryness were consid-
ered positive for subjective complaints of oral dry-
ness [37].

(2) Objective dry mouth score. [38]

The patients were examined for signs of the dry
mouth include:

loss of pooled saliva.

Mouth mirror stickiness.

Stringy or foamy appearance.

Labial dehydration.

Irresponsiveness to parotid stimulation.

S

Objective dry mouth scores were calculated as the
number of observed dry mouth signs (0-5), and patients
with a score of less than 2 were excluded [39].

Before the recruitment, all patients were screened
based on the following criteria:

Inclusion criteria both genders, aged above 60 years,
all patients were clinically diagnosed with ESRD
undergoing hemodialysis, patients on hemodialy-
sis>3 months [12], all patients were complaining of
xerostomia, objective dry mouth score from (2-5),
subjective dry mouth score from (1-4), patients were
able to make a reliable decision or communications.
Exclusion criteria alcohol, smoking, patient who
underwent a kidney transplant, patients with any
autoimmune disease, malignancy, or diabetes melli-
tus [28], and patients with known hypersensitivity to
thyme honey.

History was obtained and recorded from patients for
screening of major risk factors of oral diseases. Personal
history, demographic data (age, sex, marital status, occu-
pation, education level). Dental chief complaint, medi-
cal and surgical history, including dental problems. Drug
history, including currently prescribed drugs. History
of renal disease, hemodialysis, frequency, and duration.
Extra oral examination based on the information obtained
from medical history, in addition to, cervical lymph nodes
examination, TM] examination, and salivary gland exami-
nation. Review of the medical files of patients including
the related laboratory investigations (blood urea, serum
creatinine, and hemoglobin level).
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Treatment protocol (for the intervention group)

Thyme honey mouth rinse was prepared by the main
investigator as (20 ml of thyme honey* diluted in 100 ml
of purified water) [40] in opaque bottles that masked its
content. It was used 3 times per day and patients were
instructed not to swallow the thyme honey oral rinse.

The control group
Patients in the control arm followed the same protocol
with normal saline rinses in the same opaque bottles 3
times per day.

Additionally, to the above-mentioned protocol patients
in both arms were informed about [28]:

1. Necessary daily actions to combat xerostomia.

2. To determine and document any adverse effects or
compliance caused by the thyme honey (as part of
the safety of the intervention).

3. Patients were given detailed instructions on the best
foods to eat and drinks to avoid because these things
could make their xerostomia worsen.

4. Patients were instructed to provide the best treat-
ment by emphasizing the value of regular oral health
exams and good oral hygiene.

Treatment assessment evaluation for both groups

The treatment assessment of subjective dry mouth score,
objective dry mouth score, salivary ph, and salivary flow
rate were carried out at baseline, 2 weeks, and one month
after starting the treatment protocol [28]. Nitric oxide
levels were measured at baseline and after 1 month of
treatment [41].

After the treatment protocol period ends, all patients
were followed up for 4 weeks of the treatment-free
observation period. The evaluation of the treatment
assessment was carried out according to the following
parameters:

(a) Subjective dry mouth score.

(b) Objective dry mouth score.

(c) Salivary flow rate: Samples from patients (a day of
dialysis visit) were collected between 8:00 AM and
11:00 AM to minimize the effects of the diurnal
variability in salivary composition. Samples were
collected before meals. During the time of col-
lection, talking was prohibited, and unstimulated
whole saliva was collected for 5 min by spitting
method. The collection was timed, so that the flow
rate (mL/min) was measured [42].

(d) Salivary pH: following saliva collection, pH was
measured immediately using the narrow-range pH
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strip system (Merck). One drop of the collected
saliva was placed on the test strip and its color
change reflected the pH of the saliva.

(e) Salivary Nitric oxide: patients were also asked to
collect the saliva using the spitting method in a
sterile tube every 1 min for 5 min. The tubes were
kept in a refrigerator (20 centigrade) before send-
ing them to the laboratory to prevent changing the
composition of the saliva [42].

Salivary Nitric oxide levels were determined by Nitric
Oxide Assay Kit (Colorimetric) using Griess reaction:
The Bio Diagnostic Nitrite Assay Kit provides an accu-
rate and convenient method for measurement of endog-
enous nitrite concentration as an indicator of nitric
oxide production in biological fluids. It depends on the
addition of Griess Reagents which convert nitrite into a
deep purple azo compound, photometric measurement
of the absorbance due to this azo chromophore accu-
rately determines NO,-concentration.

In an acid medium and in the presence of nitrite the
formed nitrous acid diazotizes sulphanilamide and
the product is coupled with N-(1-naphthyl) ethylene
diamine. The resulting azo dye has a bright reddish-
purple color which can be measured at 540 nm [43].

Saliva stored at — 20 °C to — 80 °C.

1-Standard sodium nitrite (50 pmol/L).

2-Sulphanilamide (10 pmol/L).

3-N (1 naphthyl) ethylene diamine (NEDA) (1
pumol/L).

The reagents are stable up to the expiry date specified
when stored at+4 to+8 °C.

Mix well, and allow to stand for 5 min. Read absorb-
ance of a sample (A sample) against sample blank and of
standard (A standard) against standard blank at 540 nm
(520-550 nm) Color stable for many hours. Linearity up
to 200 pmol/L

Nitrite oxide in sample pmol / L = (A sample) / (A standard) x 50

The kit has been validated in saliva, and culture media.
No sample purification from these sources is neces-
sary other than some special instructions as described
below. Store samples at — 20 °C after collection. Antioxi-
dants will interfere with the color development reaction.
Azide, ascorbic acid, dithiothreitol, and mercaptoetha-
nol will interfere with color development when present
at a concentration as low as 100 uM. Alkyl amines, most
sugars, lipids, or amino acids (except those containing
thiol groups) do not interfere. Sensitivity When using the
maximum amount of sample for the nitrite assay (100 pl),
the detection limit is 2.5 M.
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Table 1 Intergroup comparisons and summary statistics for
demographic data

Page 5 of 12

Table 2 Intergroup comparison, frequency and percentage values
for medical condition

Parameter Intervention  Control p-value Medical condition Intervention Control p-value
Sex Male n 8 10 0.695 Hypertension No n 3 1 0.280
% 57.1% 71.4% % 214% 7.1%
Female n 6 4 Yes n 11 13
%  42.9% 28.6% %  78.6% 92.9%
Age (years) Mean+SD 69.43+3.23 7000+£3.28 0.646 Hypertension No n 1 14 0.067
and chronic heart % 786% 100.0%
disease
Yes n 3 0
. . % 214% 0.0%
Statlst|c§l analysis . Autoimmune nephritis  No  n 14 13 0.309ns
Categorical data were presented as frequencies and per- % 1000% 929%
centages. Numerical data were presented as mean and ves n 0 :
standard deviation values and were tested for normality % 00% 2 1%

using Shapiro—Wilk test. Parametric data were analyzed
using independent ¢-test for intergroup comparisons and
repeated measures ANOVA followed Bonferroni post
hoc test for intragroup comparisons. While non-para-
metric data were analyzed using Mann—Whitney U test
for intergroup comparisons and Friedman’s test followed
by Nemenyi post hoc test for intragroup comparisons.
Correlations were analyzed using Spearman’s rank order
correlation coefficient. Associations were analyzed using
independent ¢-test for parametric data and Mann—Whit-
ney U test for non-parametric data. The significance level
was set at p<0.05 for all tests. Statistical analysis was
performed with R statistical software version 4.1.3 for
Windows.?

Results

The study was conducted on 28 geriatric patients with
ESRD who were equally and randomly allocated to each
of the tested groups (i.e., 14 cases each). There was no
significant difference between both groups regarding sex
(p=0.695) and age (p=0.646), intergroup comparisons
and summary statistics for demographic data are pre-
sented in Table (1).

There was no significant difference between both
groups regarding having different medical conditions
(p>0.05), intergroup comparison, frequency and per-
centage values for medical condition are presented in
Table (2).

For serum creatinine and blood urea, the interven-
tion group had significantly higher values than the con-
trol group (p<0.05). For hemoglobin levels, the control
group had significantly higher value than the interven-
tion (»p=0.010). For the duration of hemodialysis, the

3 R Core Team (2022). R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/.

ns Non-significant

Table 3 Intergroup comparison, mean and standard deviation
values for medical parameters

Parameter Mean+SD p-value
Intervention Control

Serum creatinine 10.29+2.16 9.01+0.59 0.042*

Blood urea 126.07+20.30 110.01+16.61 0.030*

Hemoglobin 846+0.73 9.57+1.30 0.010*

Duration of hemodi- ~ 20.71+8.84 23.00+9.07 0.505

alysis (months)

*Significant (p < 0.05)

difference was not statistically significant (p=0.505).
Intergroup comparison, mean and standard deviation
values for medical parameters are presented in Table 3.

Salivary parameters

A—subjective score

Intergroup comparisons at baseline, there was no signifi-
cant difference between both groups (p=0.537). After
2 weeks and one month, control group had significantly
higher scores than the intervention (p <0.05). Intragroup
comparisons: for both groups, there was a significant dif-
ference between values measured at different intervals,
with value measured after 1 month being significantly
lower than other intervals (p <0.05). Inter and intragroup
comparisons, mean and standard deviation values for
subjective scores are presented in Fig. (1).

B—objective score

Intergroup comparisons at baseline and after 2 weeks,
there was no significant difference between both groups
(p>0.05). After 1 month, control group had signifi-
cantly higher scores than the intervention (p=0.004).
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Fig. 1. Showing intra and intergroup comparisons, mean and standard deviation values for subjective dry mouth score
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Fig. 2. Showing inter and intragroup comparisons, mean and standard deviation values for objective dry mouth score

Intragroup comparisons: for both groups, there was a  deviation values for objective scores are presented in

significant difference between values measured at dif-  Fig. (2).

ferent intervals, with value measured after 1 month

being significantly lower than other intervals (p<0.05).  C—salivary flow rate

Inter and intragroup comparisons, mean and standard  Intergroup comparisons at baseline and after 2 weeks,
there was no significant difference between both groups
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Fig. 3. Showing inter and intragroup comparisons, mean and standard deviation values for salivary flow rate
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Salivary pH

o Intervention m Control
Fig. 4. Showing inter and intragroup comparisons, mean and standard deviation values for salivary pH

(p>0.05). After 1 month, intervention group had sig-
nificantly higher value than the control (p <0.001). Intra-
group comparisons: for the intervention, there was a
significant difference between values measured at differ-
ent intervals, with value measured after 1 month being
significantly higher than other intervals (» <0.001). While
for the control group the difference was also significant
but with value measured after 1 month being significantly

higher than baseline value (p=0.004). Inter and intra-
group comparisons, mean and standard deviation values
for salivary flow rate are presented in Fig. (3).

D—salivary pH
Inter and intragroup comparisons, mean and standard
deviation values for salivary pH are presented in Fig. (4).
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Month

Nitric oxide level

M Intervention m Control
Fig. 5. Showing inter and intragroup comparisons, mean and standard deviation values foe salivary nitric oxide levels

Intergroup comparisons at all intervals, there was no
significant difference between both groups (p>0.05).
Intragroup comparisons: for the intervention, there was
a significant difference between values measured at dif-
ferent intervals, with value measured after 1 month being
significantly higher than other intervals (p <0.001). While
for the control group the difference was not statistically
significant (p=0.368).

E- Nitric oxide level

Inter and intragroup comparisons, mean and standard
deviation values for nitric oxide level were presented in
Fig. (5).

Intergroup comparisons at baseline, there was no sig-
nificant difference between both groups (p=0.270).
However, after 1 month, the intervention had signifi-
cantly higher value than the control group (p<0.001).
Intragroup comparisons: for the intervention, there was
a significant increase in measured value after 1 month
(p<0.001). While for the control group the change was
not statistically significant (»p =0.166).

Discussion

Geriatric patients often have xerostomia, or dry mouth,
which is frequently correlated with diminished sali-
vary gland activity. The use of drugs, chronic illnesses
including ESRD, and radiation therapy to the head and
neck have all been implicated as causes of xerostomia
in the elderly population [44]. Patients with ESRD on

hemodialysis have a significantly low salivary flow rate,
which is likely caused by the salivary gland’s atrophy
and fibrosis for unknown causes [10]. Due to the vari-
ous functions of saliva, patients suffering from chronic
hyposalivation or xerostomia may experience problems
in speech, taste, swallowing, and chewing as well as ill-
fitting dentures and poor quality of life overall [45].

Hyposalivation also impairs immunological responses,
lowers salivary pH and buffering capacity, and decreases
oral defensive mechanisms. These signs and symptoms
may raise the susceptibility to infectious oral disorders
such as oral candidiasis, periodontitis, and cervical caries
[39].

Nitric oxide (NO) may be essential for optimal sali-
vary gland function and secretion, according to previous
research [46]. The first recognized gas to function as a
biological messenger is NO, a free radical. NO was first
identified as a powerful vasodilator, but it was soon dis-
covered to affect angiogenesis, function as a neurotrans-
mitter, and be crucial to hosting defensive processes [46].
The primary contributor of salivary nitrate is the parotid
gland; saliva contains almost three times as much nitrate
as mixed whole saliva. Because it changes acinar cell cal-
cium signaling in response to autonomic stimulation, NO
is a key signaling molecule in controlling salivary secre-
tion [47, 48].

In the current study, it was found that after 2 weeks
and one month, the intervention group had significantly
lower subjective dry mouth scores than control group
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(p<0.05), indicating a reduced perception of xerostomia
and it was following previous study [28].

The objective dry mouth scores after 1 month, the
intervention group had significantly lower scores than
control group (p=0.004), indicating that the salivary
flow rate has significantly increased in the intervention
group as compared to the control one after one month
(p<0.001), and this was further confirmed in our results
by the significant increase of salivary flow rate after one
month of using thyme honey mouth rinse, than the base-
line, and that was in accordance with another study [28],
which found that thyme honey was effective in stabilizing
or reducing the degree of xerostomia in head and neck
cancer patients, with gradual improvement over time.

Likewise, Lagerlof and Dawes [49], suggested that the
topical application of honey leads to an increase in the
salivary flow as honey has the ability to stimulate the gus-
tatory system. Moreover, a recent study concluded that
honey mouth care was effective in reducing the level of
xerostomia [50].

In the present study, NO levels that were measured at 1
month for both groups, the intervention had significantly
higher value than the control group (p<0.001), which was
in accordance with previous studies [51, 52]. In addition
to an earlier study reported that honey solution showed
a tendency to increase total nitrite, a stable nitric oxide
metabolite in different biological fluids from humans,
including saliva, plasma, and urine [51]. This result is also
in line with previous research that emphasized the heal-
ing power and the antibacterial action of honey through
decreasing prostaglandin levels, elevating nitric oxide
levels, and exerting prebiotic effects [52].

Afsaneh et al. [53] found that the salivary NO in the
diabetic subjects with xerostomia was significantly lower
than in diabetic subjects without xerostomia indicating
that salivary nitric oxide level could monitor xerostomia
in diabetic patients. Xia et al. [48] concluded that hypo-
function of the salivary glands is associated with signifi-
cant changes in nitrate and nitrite levels in the saliva and
urine. Huskic J et al. [54] found that the salivary flow rate
was significantly lower in patients with Parkinson’s dis-
ease than in healthy subjects, and salivary NO concentra-
tion was significantly lower than in healthy individuals.

The philosophy of utilizing thyme honey in xerostomia
was founded on its’ salivary-stimulating properties [28].
Thyme honey contains several organic acids that could
increase the flow of saliva and stimulate chemorecep-
tors in the oral cavity including ascorbic acid, malic acid,
and citric acid [55]. Additionally, thyme honey unlike any
other types of honeys has a high content of epicatechin
gallate [56], which stimulates the neuroactive salivary
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secretomotor system thus increasing the salivary flow
rate [57].

Regarding salivary pH in the intervention group,
there was a significant difference between values meas-
ured at different intervals, with value measured after
1 month being significantly higher than other inter-
vals (p<0.001). While for the control group the differ-
ence was not statistically significant (p=0.368). This
indicating a significant rise in salivary pH over time
while using thyme honey mouth rinse which was in
accordance with a previous study [58], which reported
that honey mouth rinse was significantly effective in
increasing the salivary pH of the oral cavity.

This elevation in pH level could be due to a buffer-
ing capacity of thyme honey, salivary stimulation from
thyme taste, and/or antibacterial activity against acid-
producing bacteria. Since less bicarbonate is gener-
ated at low flow rates and pH drops, the salivary pH is
largely reliant on the salivary flow rate [59]. The rise in
salivary flow rate increases salivary buffering capacity
which is vital for maintaining a pH level in saliva and
plaque. Salivary stimulation increases the bicarbonate
concentration in saliva [60], which raises the salivary
pH, and considerably enhances its buffering capacity;
therefore, saliva is much more effective in neutralizing
and buffering acids arising in plaque from carbohydrate
fermentation by microorganisms and food acids [61,
62].

The higher salivary pH in ESRD patients could be
due to a higher ammonia concentration in saliva due
to the hydrolysis of urea by the urease enzyme [63].
However, another study by Ghazali Norzalina et al.
[64], who investigated the changes in salivary pH level,
salivary flow rate, and salivary buffering capacity after
consumption of tualang honey, and found a signifi-
cant increase in the salivary flow rate after two weeks
of treatment but reported a non-significant change in
salivary pH.

Even though honey has an endogenous pH of (4.2),
chewing it did not cause the pH to drop below the cru-
cial level of 5.5 which is linked to enamel demineraliza-
tion. Based on earlier findings showing that honey had
antibacterial capabilities against medically significant
bacteria, honey’s antibacterial action against cariogenic
bacteria may overcome its pH-reducing effects [65-67].
The pH of pure honey is approximately (3.9), making it
acidic. In the absence of saliva, the solubility-reducing
component in honey can activate. The micro-hardness
of enamel is increased when honey is topically applied,
thus preventing caries. Consequently, it has been
hypothesized that honey is less cariogenic in people
with the dry mouth [68].
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According to the above-mentioned findings in the
current study, thyme honey mouth rinse significantly
reduced the symptoms and severity of xerostomia in
the elderly patients with ESRD in the current study
and this was in accordance with an earlier study by
Charalambous et al. [28] who evaluated the effective-
ness of thyme honey as a means for managing radia-
tion-induced xerostomia and his findings supported the
claim that the properties of thyme honey allow com-
prehensive and effective management of xerostomia in
H&N cancer patients during and after radiotherapy.

Conclusions

+ Using thyme honey as an oral rinse proved to be very
efficient in reducing subjective and objective dry
mouth scores thus relieving xerostomia in geriatric
patients with ESRD.

+ Both salivary flow rate and salivary NO levels were
significantly higher after one month of using thyme
honey oral rinse than the control group without
known negative side effects.

+ Thyme honey would be a promising alternative to the
currently used medications for treating xerostomia.

Limitations

This study only involved one center; to further validate
the results, a multi-centered study with a larger sam-
ple size must be conducted. Additionally, this study
focused on geriatric patients with ESRD, while addi-
tional trials targeted different categories of patients with
xerostomia to gauge their effectiveness across different
demographics.
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