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Abstract 

Background  Xerostomia, or dry mouth, can be a temporary or persistent symptom resulting from various factors, 
such as medication use, therapeutic radiation, chemotherapy, autoimmune conditions (e.g., Sjögren’s syndrome), 
and hormonal imbalances. Xerostomia often leads to associated mucositis, which significantly impacts patients’ qual-
ity of life. The nano-bio-fusion (NBF) gingival gel, a gel-type functional toothpaste containing vitamins C, E, propolis, 
and herbal extracts in a nano-emulsion state, has shown potential in accelerating the healing of oral mucosal lesions.

Methods  A total of 127 patients (102 females, 25 males) with persistent xerostomia were treated from 2018 to 2023. 
Of these, 32 patients were treated exclusively with NBF Gel, while 95 patients received NBF Gel in combination 
with other medications, such as pilocarpine. The underlying causes of xerostomia included irradiation and chemo-
therapy (12 patients), medication (40 patients), hormonal imbalance (28 patients), and Sjögren’s syndrome (47 
patients). NBF Gel was applied 2–3 times daily to the tongue and oral mucosa. Treatment effectiveness was evalu-
ated through physical examinations and a patient-reported scale ranging from 1 (no improvement) to 10 (complete 
improvement), focusing on the healing of mucosal lesions rather than saliva production.

Results  Both treatment groups showed significant improvements in the healing of xerostomia-associated mucosi-
tis, particularly in severe cases with visible lesions. Patients treated with NBF Gel reported improved symptoms 
related to mucosal health, while those who received combination therapy also experienced reduced side effects 
of pilocarpine due to dose reduction. The most substantial improvements were observed in patients with drug-
induced and hormonally-caused xerostomia-related mucositis. No adverse side effects from NBF Gel were reported 
during the study.

Conclusion  NBF gingival gel proved to be beneficial in accelerating the healing of mucositis associated with xeros-
tomia, regardless of the underlying cause, including medication use, radiotherapy, chemotherapy, hormonal imbal-
ances, and Sjögren’s syndrome. It presents a promising adjunctive treatment to improve mucosal health and quality 
of life for patients suffering from xerostomia-associated mucositis.
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Background
Xerostomia, commonly known as dry mouth, can be 
categorized as either temporary or persistent [1, 2]. 
Temporary xerostomia typically occurs when salivary 
secretion is reduced due to short-term stimuli, such 
as dehydration or anxiety, and generally does not cause 
significant changes to the oral mucosa. In contrast, 
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persistent xerostomia involves a more complex etiology 
and is often associated with a variety of underlying con-
ditions, including medications (e.g., sedatives, antihyper-
tensive drugs, psychiatric drugs), therapeutic radiation 
to the salivary glands, chemotherapy, autoimmune dis-
orders such as Sjögren’s syndrome, and hormonal imbal-
ances [1–3]. In Hungary, persistent xerostomia affects 
approximately one-third of the population, leading to a 
significant burden on patients’ quality of life due to asso-
ciated oral complications [4].

The primary challenge in managing persistent xeros-
tomia is that it is often difficult or impossible to elimi-
nate the underlying cause, particularly when the salivary 
glands have sustained permanent damage [5–7]. Con-
sequently, treatment is primarily symptomatic, focusing 
on alleviating discomfort rather than addressing the root 
cause. Standard interventions include the use of artifi-
cial saliva, specialized toothpastes, Metrogyl dental gel, 
and agents that stimulate salivary gland function, such 
as pilocarpine [8–11]. However, these treatments often 
come with side effects, and their effectiveness is limited 
when significant glandular damage has occurred [8, 12].

A major concern for patients suffering from xeros-
tomia is xerostomia-associated mucositis, character-
ized by inflammation, ulceration, and discomfort of the 
oral mucosa [10, 13, 14]. The condition can significantly 
exacerbate the symptoms of dry mouth, leading to dif-
ficulties in speaking, eating, and swallowing, thereby 
further diminishing patients’ quality of life [13, 15]. The 
mucinous glands, which continue to produce sticky saliva 
even when serous gland function is compromised, do 
not adequately protect against mucosal injury [5–7, 16]. 
This inadequacy is particularly evident when major sali-
vary glands are damaged by factors like radiation therapy 
or autoimmune diseases, where local treatment of the 
mucosa becomes critical [4–7, 14, 17].

Treatment strategies for xerostomia therefore need to 
be two-fold: enhancing saliva production, where pos-
sible, and providing local therapy to accelerate the heal-
ing of the damaged oral mucosa [1, 8, 13, 18–20]. While 
enhancing saliva production is relatively straightforward 
in cases without severe glandular damage (such as sialo-
sis, sialoadenosis, or hormonal imbalance), it is less effec-
tive in  situations where significant pathological damage 
to the salivary glands has occurred. In such cases, local 
treatment targeting mucosal healing becomes more 
essential [5–7, 17].

Nano-bio-fusion gel (NBF Gel) is a promising treat-
ment option for xerostomia-associated mucositis [21]. 
NBF Gingival Gel, a gel-type functional toothpaste, con-
tains vitamins C and E, propolis, and herbal extracts for-
mulated in a nano-emulsion state, which enhances its 
infiltration into the tissue [22]. Vitamin C and Vitamin E 

are powerful antioxidants that promote cell growth, tis-
sue regeneration, and maintenance of cell membranes, 
which are critical for healing gums and soft tissues in 
the oral cavity [23–25]. Propolis, a natural bee product 
with antibacterial, antifungal, anti-inflammatory, and 
immune-stimulating properties, further supports the 
healing process by protecting the damaged mucosa from 
infection and promoting regeneration [25].

Given the potential benefits of NBF Gel in accelerat-
ing the healing of xerostomia-associated mucositis, this 
study aimed to evaluate its effectiveness over a 5-year 
period in patients with persistent xerostomia caused by 
various underlying factors.

Methods
The study complied with the ethical principles of the 
Helsinki Declaration and was approved by the Semmel-
weis University Regional and Institutional Committee of 
Science And Research Ethics (SE RKEB 182/2023). All 
enrolled patients signed informed consent forms.

Over 5 years (2018–2023), 127 patients (98 females, 
29 males) were treated with persistent xerostomia. In 32 
cases, only NBF Gel was used, while in the second part 
(95 patients), the gel and other medications, especially 
pilocarpine (0.25 to 0.5 mg t.i.d.), were applied. The dis-
tribution of cases was as follows: 12 cases due to irradia-
tion and chemotherapy, 40 cases related to medication 
use, 28 cases caused by hormonal imbalance, and 47 
cases associated with Sjögren’s syndrome. Patients were 
instructed to apply the NBF Gel twice daily, after brush-
ing their teeth in the morning and evening, by rubbing it 
onto the oral mucosa, especially the tongue, with a finger, 
and then avoiding eating or drinking for half an hour. If 
other medications were also taken by the patients, they 
were to be used as before. The effectiveness of the treat-
ment was assessed partly through physical examination 
and partly through the patients’ subjective impressions 
and feelings on a scale of 1 to 10 (1 = no improvement, 
10 = symptoms completely resolved). Objective measure-
ment of saliva quantity was not conducted in these cases 
because the NBF Gel does not increase saliva production; 
rather, it promotes the healing of the oral mucosa and 
alleviates mucositis induced by xerostomia. Addition-
ally, any increase in saliva quantity could be attributed 
to the concurrent use of saliva-stimulating medications. 
Therefore, the effectiveness of the treatment was assessed 
one week after its initiation based on mucosal healing 
and symptom improvement. If no improvement was 
observed after this period, the treatment was discontin-
ued. Patients were also questioned about any potential 
side effects of the NBF cream, but none were reported.
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Statistical analyses were performed using IBM SPSS 
software, version 28 (IBM Corporation, New York, NY, 
USA). Data on the subjective changes in the patients’ 
sensations was interpreted as ordinal. Therefore, the 
Mann–Whitney U test was performed to compare the 
data between study groups. Differences were considered 
statistically significant at p < 0.05.

Results
The treatment of 127 patients demonstrated that the 
cream alone favorably influenced the patients’ feel-
ings and objectively the condition of the oral mucosa. 
In 95 cases, our patients were already receiving pilocar-
pine treatment, and continuing this along with NBF Gel 
yielded satisfactory results (Table 1). In some cases, the 
dose of pilocarpine tablets could be reduced, which led 
to a decrease in the frequency of pilocarpine-related side 
effects such as dizziness, blood pressure changes, nau-
sea, and sweating. The dosage of the medication can be 
adjusted based on the severity of these side effects, rang-
ing from 3 doses of 0.5 to 0.25 mg per day.

Patients experiencing xerostomia-associated mucositis 
due to prescribed medication reported a 7.10 ± 1.45 and 
7.80 ± 1.94 degree of improvement of subjective symp-
toms in the NBF gel and NBF Gel and Pilocarpine groups 
respectively. Regarding xerostomia-associated mucosi-
tis patients with hormonal imbalance, the degree of 
improvement was 5.17 ± 2.92 and 6.95 ± 0.72 in the NBF 
gel and NBF Gel and Pilocarpine groups respectively. 
Patients with Sjögren’s syndrome reported a 4.50 ± 1.75 
and 5.10 ± 1.72 degree of improvement in the NBF gel 
and NBF Gel and Pilocarpine groups respectively. Nei-
ther of these differences were statistically significant.

According to the literature, the beneficial effect of 
NBF Gel appears within a few minutes to 1–2 days [26, 
27]. In terms of patients’ subjective feelings, improve-
ment was indeed observed immediately. However, to 
assess the healing (improvement) of dry, cracked mucosal 
lesions, it is necessary to evaluate patient-reported out-
comes one week later to determine whether the improve-
ment persists with the use of the cream. The results are 

summarized in Table 1. The greatest improvement could 
be observed in cases of drug-induced and hormonally-
caused xerostomia-associated mucositis.

Discussion
According to the results of this study, no significant dif-
ferences were observed in the degree of improvement of 
the subjective symptoms of patients experiencing xeros-
tomia-associated mucositis due to their prescribed medi-
cation, hormonal imbalance, and Sjögren’s syndrome. 
These results suggest that for these patient groups, NBF 
gel without pilocarpine might be sufficient to improve 
subjective symptoms of constant xerostomia-associated 
mucositis and glossodynia inter cibos. However, NBF gel 
did not stimulate saliva secretion. Thus, supplementing 
NBF Gel with pilocarpine is necessary to avoid dysphagia.

NBF Gel was launched in South Korea in early 2008 
[26, 27]. NBF Gel is a highly functional gel, created for 
the first time by a process where nanotechnology is fused 
with biotechnology [26]. The result is the creation of a 
nano-emulsion composed of ultra (nano) particles of 
vitamin C, vitamin E, and propolis extract. The mouth 
is naturally a moist environment; thus, the contact time 
of topically applied medicine is limited. The nanoparti-
cles of vitamin C, vitamin E, and propolis extract over-
come this problem due to their ultra-fine size [25, 28, 
29]. They are much more efficient in rapidly penetrating 
the cells than their regular size counterparts [21]. Once 
applied, the NBF gingival gel creates a film that results 
in increased absorption, improved clinical potency, and 
decreased toxicity. The gel does not contain either alco-
hol (no burning effect) or benzocaine (numbing effect) 
[26, 27].

Since 2008, we have been using the cream at the NBF 
Gel prescribed at the Department of Oro-Maxillofacial 
Surgery and Stomatology, Semmelweis University since 
2008 [21]. In our previous study, we reported on its 
application in 68 patients. NBF Gel was used success-
fully in the treatment of various oral lesions, includ-
ing post-operative lesions, particularly following laser 
surgery, diseases of the oral mucosa (aphthous ulcers, 

Table 1  The subjectivedegree of improvementdue toNBF gel application or NBF gel application and Pilocarpine medication 
combined

Causes of xerostomia-
associated mucositis

Patients in the 
NBF group

Degree of 
improvement in the 
NBF group

Patients in the NBF 
and pilocarpine group

Degree of improvement in the 
NBF and pilocarpine group

Level of 
significance 
(p)

Irradiation + chemotherapy - - 12 (8 ♂ 4 ♀) 5.83 ± 0.83 -

Medication 10 (1 ♂ 9 ♀) 7.10 ± 1.45 30 (5 ♂ 25 ♀) 7.80 ± 1.94 0.140

Hormonal imbalance 6 (0 ♂ 6 ♀) 5.17 ± 2.92 22 (4 ♂ 18 ♀) 6.95 ± 0.72 0.194

Sjögren’s syndrome 16 (2 ♂ 14 ♀) 4.50 ± 1.75 31 (9 ♂ 22 ♀) 5.10 ± 1.72 0.482
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herpes, leukoplakia, lichen, glossodynia, ulcers dur-
ing chemotherapy, etc.) [21]. The international litera-
ture also reports favorable results in cases of gingivitis, 
chronic periodontitis, desquamative gingivitis, erosive 
lichen planus, and diabetic lesions [23, 24, 28, 30–36].

In the medical literature, the treatment of gingi-
val diseases often involves antibiotics and non-steroid 
anti-inflammatory drugs (NSAIDs) [37]. However, oral 
medications frequently have systemic side effects, and 
topical medications are usually ineffective as they are 
difficult to retain in the mouth [11, 16, 19]. Thus, using 
an effective local agent that facilitates healing is justi-
fied. The NBF Gel is rapidly absorbed at the cellular 
level and is competitive with all products used for local 
oral mucosa treatment [21, 25, 38].

Returning to the various causes of xerostomia, the 
consequences of salivary gland damage or just func-
tional loss are not straightforward. During the radiation 
treatment of head and neck tumors, radiation dam-
age to the maxillofacial area occurs even if the patient 
wears a protective mask during the treatment, albeit to 
a lesser extent [5, 7, 39, 40]. The result of irradiation is 
the destruction of glandular cells and the proliferation 
of fibrotic tissues in the glandular parenchyma [5]. Even 
if the remaining glandular tissue function is stimulated, 
the drying of the oral mucosa occurs, partly because 
the radiation directly damages the mucosa, and partly 
because the serous glands do not produce sufficient 
saliva despite stimulation [41]. Chemotherapy has simi-
lar effects as irradiation [40, 42, 43]. During treatment, 
ulcers may form in the mouth in addition to xerosto-
mia, for which the NBF Gel is excellently suitable [21].

In the case of Sjögren’s syndrome (benign lymphoe-
pithelial lesion), lymphocytes destroy epithelial cells 
in the ductal system of the salivary glands, resulting in 
dilations and small bullae in the fine primary salivary 
ducts where the damaged epithelial cells used to be [6, 
44]. These bullae accumulate saliva, which can become 
retrogradely infected. Repeated inflammations further 
damage the glandular tissue [6, 44]. Therefore, a two-
way treatment is important: enhancing saliva secretion 
(pilocarpine) and locally treating the dry mucosa (NBF 
Gel). In this way, the patients’ objective symptoms 
improve, and the subjective dry, sometimes burning 
sensation (glossodynia) greatly improves [21].

In the case of hormonal and drug-induced dry mouth, 
the neurohormonal balance necessary for normal saliva 
secretion is disrupted [10, 18, 45–47]. In the serous 
glands, the basal membrane surrounding the salivary-
producing cells acts as a filter: sympathetic stimuli 
reduce its permeability (from the glandular cells to the 
primary salivary ducts), while parasympathetic stimuli 

expand the filter, allowing saliva to be discharged from 
the glandular cells [48].

Due to its composition, the NBF cream does not 
improve salivation. While the cause of xerostomia-
associated mucositis is the lack of saliva, the associated 
symptoms—such as the subjective feeling of constant dry 
mouth, glossodynia, oral mucosal ulcers that appear after 
irradiation or chemotherapy, and difficulties in swallow-
ing during eating—are alleviated by the NBF cream [21]. 
Pilocarpine may be prescribed to enhance salivation, and 
the NBF cream complements its effect by improving sub-
jective symptoms of xerostomia. In this study, pilocar-
pine and NBF cream were prescribed together. Therefore, 
in the present study, the effectiveness of the cream was 
measured by changes in the subjective feelings of the 
patients. There is no objective measure described in the 
literature for changes in the subjective comfort of xeros-
tomia patients. In severe cases of post-irradiation xeros-
tomia and Sjögren’s syndrome, where there is practically 
no functioning salivary gland tissue remaining, even 
with the aid of pilocarpine, it is impossible to produce 
more saliva. The clinical manifestation of a severe case of 
Sjögren’s syndrome is presented in Fig. 1. In these cases, 
the NBF Gel becomes even more significant as it provides 
the most favorable treatment for the dried-out mucosa.

Despite demonstrating promising results, this study 
has several limitations that should be considered when 
interpreting the findings. First, the study did not include 
a negative control group, meaning we could not directly 
compare the outcomes of the NBF Gel-treated group 
with a completely untreated group. However, we miti-
gated this limitation by comparing the condition of 
patients before and after NBF Gel treatment. In this 
context, the pre-treatment state served as a baseline 
equivalent to a “no treatment” group, allowing for some 
level of comparative analysis. Second, the study primar-
ily relied on subjective measurements, such as the Visual 
Analogue Scale (VAS), to assess the effectiveness of NBF 
Gel. While subjective assessments are crucial for under-
standing the patient’s experience and perceived improve-
ments, they may introduce biases or inconsistencies due 
to individual differences in perception and reporting. 
Incorporating objective measurements, such as the clini-
cal evaluation of mucosal healing or quantitative assess-
ments of mucosal thickness and integrity, could provide 
a more comprehensive understanding of the treatment’s 
effectiveness and reduce potential subjectivity. Third, 
although the study observed a reduced dosage of pilocar-
pine when used in combination with NBF Gel—resulting 
in fewer side effects—this finding was not compared to 
a group receiving pilocarpine alone. A direct compari-
son between the NBF Gel and pilocarpine combination 
group and a pilocarpine-only group would be necessary 
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to better understand the additive or synergistic effects of 
NBF Gel on reducing pilocarpine dosage and its associ-
ated side effects. These limitations highlight the need for 
future studies to include negative control groups, incor-
porate both subjective and objective measurements, and 
compare combination therapies to monotherapies to 
strengthen the evidence for the clinical benefits of NBF 
Gel in treating xerostomia-associated mucositis.

Conclusions
NBF gingival gel has shown to be effective in promoting 
the healing of mucositis linked to xerostomia, regard-
less of its cause—whether due to medication, radio-
therapy, chemotherapy, hormonal changes, or Sjögren’s 
syndrome. The gel’s application led to a notable improve-
ment in the symptoms of xerostomia-associated mucosi-
tis, contributing to better mucosal health and enhanced 
quality of life for affected patients. Importantly, the treat-
ment with NBF Gingival Gel was well-tolerated, with no 
adverse side effects observed, supporting its use as a val-
uable adjunctive option for managing xerostomia-related 
mucosal conditions.

Abbreviations
NBF gel	� Nano-bio-fusion gel
NSAIDs	� Non-steroid anti-inflammatory drugs
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Fig. 1  Presents the clinical features of a severe case of Sjögren’s syndrome with major lymphoid infiltration, without any remaining salivary gland 
tissue (A, B, and C). Salivary glands are not visible on the scintigraphy (D), only the thyroid gland
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