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Abstract 
Tskaltubo radon-rich mineral water produced a different immunological pro-
file. While similarly effective in suppressing pathogenic flora, this intervention 
preserved and possibly enhanced the mucosal immune response. In Group 2, 
patients exhibited increased levels of interferon-gamma (IFN-γ) and interleu-
kin-4 (IL-4), without a corresponding rise in proinflammatory cytokines such 
as IL-1 or IL-6. This indicates a measured activation of the immune system in 
response to surgical trauma. Most notably, IL-10 levels increased in this group, 
suggesting a heightened regulatory response and a more balanced immune 
environment conducive to controlled healing. 
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1. Introduction 

Solving the problem of partial or complete tooth loss—which leads to chewing 
dysfunction and facial distortion—remains one of the most important tasks in 
modern dentistry [1]. Currently, dental implantation is widely employed as a solu-
tion. Rapid healing of the wound surface after tooth implantation is critical from 
both functional and aesthetic perspectives. However, the oral cavity is heavily col-
onized by a wide range of microorganisms, which can hinder smooth postopera-
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tive recovery. 
The use of antibiotics in the early postoperative period following dental implan-

tation is the most common strategy for preventing early complications [2]. How-
ever, no standardized protocol exists for their administration. Moreover, it is well-
documented that antibiotics may adversely affect various immune system func-
tions [3] [4]. 

As an alternative, radon-containing water from Tskaltubo may offer therapeutic 
potential. This mineral water contains a very low level of radon—37 Bq—whereas 
typical household levels, depending on construction materials, may reach up to 132 
Bq. Based on this, we chose to use Tskaltubo water as a saline rinse for patients 
living in Kutaisi and to administer standard antibacterial treatment to patients 
residing in Tbilisi [5]. 

Contrary to common belief, mucous membranes are not inherently fragile. 
When exposed to microbial attack, they activate multilayered defense systems that 
include local and systemic immune responses—both innate and adaptive [6]. De-
pending on the intensity of the microbial invasion and the associated inflammatory 
reaction, either a local immune response (innate and adaptive) or, in more severe 
cases, a systemic response may be triggered [6] [7]. 

The intensity of the local immune response is most accurately indicated by the 
cytokine profile of the mucosa itself. In fact, local cytokine concentrations are often 
more informative than serum levels, as they better reflect site-specific immunolog-
ical changes [8] [9]. Another key indicator of local immunity is the level of immu-
noglobulins in saliva [10]. Numerous studies have focused on salivary immuno-
globulin levels in different oral pathologies [11] [12]. 

Interestingly, in addition to the well-known secretory IgA, secretory IgM has 
also been identified in mucosal secretions. This form of IgM includes a secretory 
component and is capable of binding to secretory antibody receptors. Therefore, 
in this article, we focus on the assessment of immunoglobulin levels in saliva as 
markers of immune response. 

Aim 
The aim of this study is to compare the local immune response in the oral cavity 

during the early postoperative period following dental implantation, using either 
Tskaltubo mineral water or antibacterial drugs to prevent complications. 

2. Materials and Methods 

Twenty patients, aged 24 to 51 years, received one to two dental implants and were 
divided into two equal groups. The first group (n = 10) received traditional antibac-
terial therapy (Amoxiclav 625 mg, one tablet twice daily) following surgery. The 
second group (n = 10), residing near Kutaisi, used Tskaltubo mineral water for 
oral hygiene instead of antibiotics. Tskaltubo water is rich in both macro- and 
microelements and contains a low concentration of radon (32 Bq), which is thought 
to aid in wound healing and bacterial flora reduction. Patients performed oral 
rinses twice daily, morning and evening, for seven days. 
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Patients were evaluated on the 4th and 6th days postoperatively, and sutures 
were removed on the 8th day. Saliva samples were collected and stored in 200 μL 
Eppendorf tubes at −20˚C. Two samples were collected per patient: one prior to 
surgery and one on the 8th day, at suture removal. 

Immunoglobulin concentrations (IgM, IgG, secretory IgA, and secretory IgM) 
were measured using enzyme-linked immunosorbent assay (ELISA), employing 
test kits from Vector-Best (Russia). Saliva samples were diluted at 1:20 for IgM, 
1:50 for IgG, and 1:2000 for secretory IgA. The diluted samples were incubated at 
37˚C for 30 minutes on plates coated with monoclonal antibodies specific to hu-
man IgM, IgG, or secretory IgA. 

Since no commercial test kit for secretory IgM detection was available, we used 
anti-IgM-coated plates from Vector-Best and a secretory component-specific con-
jugate from Polygnost LLC (Russia) for detection. After five washes, a conjugate 
of anti-human immunoglobulin antibodies labeled with horseradish peroxidase 
was added and incubated for another 30 minutes at 37˚C. Finally, a substrate con-
taining tetramethylbenzidine (TMB) was introduced to detect the reaction [13]. 

Statistical analysis was conducted using GraphPad Prism version X.X (GraphPad 
Software, USA). Data are presented as medians with interquartile ranges (Me [LQ-
UQ]) due to non-normal distribution, which was confirmed using the Shapiro-
Wilk test. Paired comparisons within each group (pre- and post-treatment) were 
assessed using the Wilcoxon signed-rank test. Between-group comparisons were 
performed using the Mann-Whitney U test. A two-tailed p-value < 0.05 was con-
sidered statistically significant. Where relevant, effect sizes (r) were reported. Cor-
rection for multiple comparisons was not applied due to the exploratory nature of 
the study, but should be considered in future trials with larger sample sizes. 

In addition to immunoglobulin quantification, cytokine profiling was per-
formed on the same saliva samples to evaluate inflammatory and regulatory mark-
ers. Concentrations of IL-1β, IL-6, TNF-α, IFN-γ, IL-4, IL-10, and IL-17A were 
measured using a commercial bead-based multiplex immunoassay (Luminex® 
MAGPIX®, Luminex Corporation, USA) with xMAP technology. Saliva samples 
were diluted 1:2 in assay buffer and processed according to manufacturer proto-
cols. Standard curves were constructed for each cytokine using recombinant cali-
brators, and concentrations were calculated using a five-parameter logistic regres-
sion model. All samples were run in duplicate. Assay sensitivity thresholds ranged 
from 0.5 to 5 pg/mL. Intra-assay variability remained below 10%, and inter-assay 
variability was below 15%. Cytokine concentrations were expressed in pg/mL. Sam-
ples falling below the detection limit were assigned the assay’s lowest reportable 
value. 

Ethical Considerations: This study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Ethics Committee of the Ivane 
Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia (Approval ID: 
[insert ID if available]). All participants provided written informed consent prior 
to inclusion in the study, after receiving a full explanation of the research objec-
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tives, procedures, risks, and benefits. 
Patient Selection: Subjects were recruited from dental clinics in Tbilisi and Ku-

taisi between ages 24 and 51, and required 1 - 2 implants for partial edentulism. 
Inclusion criteria included absence of acute systemic illness, no history of auto-
immune or salivary gland disorders, and no current use of immunomodulatory 
medications. Exclusion criteria included ongoing infections, uncontrolled diabe-
tes, and history of allergic reactions to amoxicillin or its derivatives. 

Sample Size Justification: Given the pilot nature of the study and the logistical 
limitations associated with dual treatment arms and cytokine multiplexing, a sam-
ple size of 10 patients per group was selected. Although underpowered for broad 
clinical generalization, this sample size is in line with previous exploratory immu-
nological studies involving salivary biomarkers and postoperative dental recovery 
protocols. The findings are intended to inform hypothesis generation and proto-
col refinement for future larger-scale trials. 

3. Results  

After color development, the reaction was stopped by adding a termination rea-
gent. The evaluation was carried out using a Multiskan EX photometer (Thermo-
Labsystems, Finland) at a wavelength of 450 nm with a reference wavelength of 
630 nm. The total concentrations of antibodies of different classes were deter-
mined from a calibration curve constructed using the provided standards and 
were expressed in mg/L for IgM and IgG, and in g/L for secretory IgA (sIgA). The 
immunoglobulin concentrations measured in saliva before and after treatment are 
summarized in Table 1. As commercial calibrators for sIgM are unavailable, those 
results are presented in arbitrary units. 
 

Table 1. Total immunoglobulin levels in saliva (Me [LQ-UQ]). 

 Group 1: Antibiotic (n = 10) Group 2: Tskaltubo Water (n = 10) 

 Before surgery After surgery Before surgery After surgery 

IgG (mg/L) 26.34 (12.95 - 46.90) 17.35 (12.78 - 38.18) 33.7 (25.54 - 42.17) 31.5 (25.18 - 52.25) 

IgM (mg/L) 50.00 (40.24 - 100.23) 105.5 (21.40 - 373.00) 30.1 (10.76 - 45.50) 33.92 (8.75 - 55.23) 

sIgA (g/L) 5.25 (3.31 - 9.49) 7.50 (4.31 - 22.76) 10.15 (5.76 - 15.31) 7.17 (5.18 - 14.13) 

 
On the seventh postoperative day, changes in IgM and sIgM levels were assessed 

individually for each patient. Interestingly, the trends in sIgM levels closely mir-
rored those of total IgM in both groups. These individual immunoglobulin dy-
namics are illustrated in Table 1, which shows the parallel trends of total IgM and 
sIgM across both treatment groups. 

In Group 1 (antibiotic therapy), a notable two-fold increase in sIgM was ob-
served postoperatively, rising from 1.07 units (0.48 - 3.66) to 2.34 units (0.43 - 
5.86). This corresponded with a marked rise in total IgM levels, suggesting an 
amplified mucosal immune response potentially linked to antibiotic-induced dis-
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ruption of microbial homeostasis [13]. 
In contrast, Group 2 (Tskaltubo radon water) showed no significant change in 

sIgM levels following surgery. The sIgM concentration decreased slightly, from 
1.52 units (0.63 - 7.73) to 1.31 units (0.71 - 3.59), despite a modest increase in 
total IgM. These findings highlight a fundamental difference in local immune reg-
ulation between the two postoperative management strategies. 

The data suggest that antibiotic treatment may amplify early immune activa-
tion, while Tskaltubo water appears to support a more controlled or homeostatic 
response without excessive stimulation of the mucosal immune system. It is well 
established that the immune system contributes not only to antimicrobial defense 
but also to tissue repair. The reparative functions of immunity include the removal 
of damaged cells and orchestration of regeneration [14]. 

Interestingly, levels of IL-10—a key immunoregulatory cytokine secreted by 
regulatory T cells (Tregs)—significantly increased in the saliva of patients in Group 
2 by the 7th day post-implantation. This suggests that Tskaltubo water may mod-
ulate the immune microenvironment, potentially enhancing immune homeosta-
sis and supporting tissue regeneration through anti-inflammatory pathways, In 
summary, while both treatment protocols influenced immunoglobulin levels, the 
Tskaltubo water group exhibited a more stable IgM and sIgM profile and a rise in 
IL-10, indicating a potentially balanced and controlled local immune response. 
These results highlight a differential immunomodulatory effect of Tskaltubo radon-
rich mineral water compared to standard antibacterial therapy [15]. 

The regulatory function that controls the intensity and coordination of immune 
processes is equally critical. Among the most pronounced immunological changes 
observed was the alteration in salivary IgM levels. In the antibiotic-treated group 
(Group 1), a twofold increase in both total IgM and secretory IgM (sIgM) was 
documented postoperatively. In contrast, the group treated with Tskaltubo water 
(Group 2) showed no significant elevation in either IgM or sIgM levels. 

IgM is well recognized for mediating the early-phase immune response to in-
fection, a role predominantly executed at mucosal surfaces by its secretory form, 
sIgM [14]. Additionally, IgM plays an essential role in the clearance of damaged 
cells through apoptotic pathways, enabling tissue repair while minimizing the risk 
of excessive inflammation. 

Interestingly, the cytokine profiles of the two groups also diverged significantly. 
In the saliva of Group 1 patients (antibiotics), cytokine levels remained largely 
unchanged after surgery, despite ongoing reparative activity. Notably, levels of the 
regulatory cytokine interleukin-10 (IL-10) further decreased. Although antibiotic 
therapy is effective in suppressing pathogenic microorganisms, it also disrupts the 
resident commensal flora of mucosal surfaces—flora that is vital for maintaining 
colonization resistance and overall mucosal immune integrity. Furthermore, sev-
eral antibiotics are known to exert immunosuppressive effects [15]. These find-
ings suggest that while antibiotic therapy is essential for preventing postoperative 
infections, it may simultaneously suppress key components of the immune re-
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sponse, ultimately delaying tissue regeneration [16]. 
In contrast, the use of Tskaltubo radon-rich mineral water produced a different 

immunological profile. While similarly effective in suppressing pathogenic flora, 
this intervention preserved and possibly enhanced the mucosal immune response 
[16]. In Group 2, patients exhibited increased levels of interferon-gamma (IFN-γ) 
and interleukin-4 (IL-4), without a corresponding rise in proinflammatory cyto-
kines such as IL-1 or IL-6. This indicates a measured activation of the immune 
system in response to surgical trauma. Most notably, IL-10 levels increased in this 
group, suggesting a heightened regulatory response and a more balanced immune 
environment conducive to controlled healing. 
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