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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Gingivitis is a reversible inflammatory condition 

primarily caused by dental biofilm accumulation. Gingival 
crevicular fluid (GCF) serves as a non-invasive diagnostic 
medium reflecting periodontal status. Biomarkers such as 
Calprotectin (biomarker of neutrophil-mediated inflammatory 
activity) are associated with immune activation and periodontal 
inflammation and have also been associated with systemic 
conditions. 

Objective: To evaluate the efficacy of two herbal 
mouthwashes—GEM (propolis, neem, and chlorophyll) 
and Propolinse (propolis and green tea)—compared with 
chlorhexidine on Calprotectin in gingivitis patients.

Materials and Methods: Forty-four male patients with 
generalized gingivitis were randomly assigned into four groups 
(n=11). Participants used GEM, Propolinse, 0.12% alcohol-
free CHX, or distilled water (control) twice daily for 7 days 
alongside mechanical oral hygiene. Clinical parameters (Plaque 
Index (PI), Gingival Index (GI), Bleeding on Probing (BOP)) 
and GCF biomarkers were assessed at baseline and after 7 days. 
GCF samples were collected from maxillary anterior teeth by 
periopaper strips. Calprotectin concentrations were measured 
via ELISA. SPSS was used for statistical analysis, with a 
significance threshold of p < 0.05.

Results: All groups showed significant improvements in PLI, 
GI, and BOP (p ≤ 0.001). And all groups showed significant 
decreases in calprotectin levels, with no statistically significant 
intergroup differences observed in mean change values 
(p=0.760). Notably, herbal formulations demonstrated greater 
reduction in calprotectin (a neutrophil-derived biomarker), 
suggesting differential modulation of immune pathways. 

Conclusion: Both herbal mouthwashes and 0.12% 
chlorhexidine demonstrated comparable anti-inflammatory 
effects. Propolis-based formulations may represent effective 
adjunctive alternatives in the short-term management of 
gingivitis, potentially exerting differential effects on neutrophil-
mediated inflammatory responses, with possible implications 
for systemic inflammatory conditions.

Key words. Calprotectin, gingival crevicular fluid, gingivitis, 
propolis, neem, green tea, chlorhexidine.
Introduction.

Periodontal disease involves inflammatory changes affecting 
the supporting tissues surrounding the teeth [1,2]. The buildup 
of dental biofilm causes gingivitis, a site-specific inflammatory 
condition marked by gingival redness, edema, and bleeding 
without periodontal attachment loss. The most common cause 
of gingivitis is inadequate dental hygiene. It is reversible with 
proper plaque control and is indicative of the early stages of 
periodontal disease [2].

In this regard, Gingival crevicular fluid (GCF) is a non-
invasive diagnostic medium capable of reflecting periodontal 
inflammatory changes [3,4]. GCF is a complex biofluid that is 
created as a blood ultrafiltrate originating from the periodontal 
sulcus/pocket. As a result, it comprises a variety of chemicals 
originating from bacteria or the host that can be utilized as a 
site-specific biomarker of disease activity and treatment results 
[5].

Pro-inflammatory cytokines are intricately linked to 
periodontal inflammation and may indicate the inflammatory 
load associated with periodontal disease [6].

Calprotectin (CALP) is one of the important inflammatory 
biomarkers associated with periodontal disease. It is a calcium- 
and zinc-binding cytosolic protein composed mainly of 
S100A8 and S100A9 subunits and is predominantly released 
by neutrophils, monocytes, macrophages, and epithelial cells 
[7,8]. Calprotectin plays an important role in innate immunity, 
antimicrobial defense, leukocyte recruitment, and inflammatory 
regulation [8].

Calprotectin's various roles are mostly associated with ongoing 
inflammatory processes. These include immune responses 
mediated by T helper cell type 1 (Th1) and antimicrobial defense 
mechanisms, such as those observed in autoimmune disorders 
or allograft rejection [9].

Elevated calprotectin levels have been reported in 
inflammatory conditions, including periodontal disease, 
infections, autoimmune disorders, malignancies, and systemic 
inflammatory diseases [7,8]. In periodontal tissues, increased 
calprotectin levels in GCF are associated with inflammatory 
activity and may reflect neutrophil-mediated tissue response 
[10,11]. Therefore, calprotectin can provide valuable 
biochemical information regarding the inflammatory burden of 
gingival tissues and treatment response.

Calprotectin is a sensitive indicator of periodontal inflammation, 
according to recent research. Patients with gingivitis and 
periodontitis have been found to have higher calprotectin 
concentrations than healthy people, which is indicative of 
enhanced neutrophil activity and host inflammatory response. 
Additionally, calprotectin contributes to Th1-mediated immune 
responses and antimicrobial defense, indicating its potential 
utility as a marker for tracking periodontal disease activity and 
treatment results [9,12].

Periodontal inflammatory indicators may offer significant 
supplementary insights for evaluating periodontal disease 
activity alongside conventional clinical markers [13].

Gingival crevicular fluid (GCF) has gained increasing attention 
as a site-specific biological fluid that reflects local periodontal 
inflammatory alterations. The utility of GCF biomarkers 
in detecting active periodontal inflammation and assessing 
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treatment response more precisely than traditional clinical 
indicators alone has been highlighted by recent studies [14].

From a diagnostic perspective and over the years, ELISA has 
undergone several stages of development and is today a widely 
used diagnostic test in labs [15].

ELISA is an immunological biochemical technique employed 
to detect and quantify antibodies, antigens, peptides, proteins, 
glycoproteins, and hormones in biological specimens [15].

The main approaches for preventing periodontal diseases are 
mechanical and chemical plaque control. In the initial phases 
of periodontal treatment, non-surgical periodontal therapy is 
carried out along with oral hygiene instructions to eliminate 
bacterial deposits and decrease periodontal inflammation [16].

The gold standard antiplaque medication for treating 
periodontitis and gingivitis is chlorhexidine (CHX) [17,18]. 
Its adverse effects include burning while washing your mouth, 
dysgeusia, staining, and irritated mucous membranes.

Therefore, extended and frequent use should be avoided [19].
Propolis, neem, and green tea-based herbal mouthwashes 

have shown antibacterial, anti-inflammatory, and antioxidant 
qualities, making them viable substitutes [19-23].

In this context, a number of clinical trials have investigated 
the efficacy of propolis on plaque and gingivitis, and conflicting 
results were reported [24]. Generally associated with less 
side effects than the widely used chlorhexidine mouthwashes. 
Consequently, propolis has become a substitute for these 
synthetic mouthwashes for gingivitis management. Propolis 
mouthwashes are effective and not inferior to other mouthwashes 
in lowering both the GI and BOPI, according to numerous 
studies [25].

The use of green tea to treat and prevent periodontal disease is 
supported by sufficient evidence [20].

Neem has been researched extensively in various fields of 
medicine due to its antihyperglycemic, immunomodulatory, 
anti-inflammatory, antimalarial, antioxidant, antiviral, 
antimutagenic and anticarcinogenic properties [23].

This study aimed to evaluate the effect of herbal mouthwashes 
compared with chlorhexidine on Calprotectin levels in GCF 
among gingivitis patients.
Materials and Methods.

The study protocol was reviewed and approved by the MUCOD 
Human Research Ethics Committee, College of Dentistry, Al-
Mustansiriyah University, Iraq (REC Reference No. REC214; 
Study Number: MUOSU/POST-202607). Written informed 
consent was obtained from all participants after explaining the 
nature and purpose of the study prior to enrolment. The study 
design is illustrated by a flow diagram in (Figure 1).
Study Design:

A double-blind, parallel-group randomized controlled trial 
design was used (The study followed CONSORT guidelines 
for randomized clinical trials) (Figure 1) [21,26]. Participants 
were randomly assigned into four study groups: two herbal 
mouthwash groups, a chlorhexidine group, and a placebo 
control group.

At baseline, all participants underwent professional 
supragingival scaling and polishing and received standardized 
oral hygiene instructions. Participants were then provided 
with coded mouthwash bottles to ensure blinding of both the 

investigator and participants. All mouthwashes were used twice 
daily (15 mL) for 7 consecutive days in addition to routine 
tooth brushing and interdental cleaning using standardized oral 
hygiene materials.

Gingival crevicular fluid (GCF) samples were collected at 
baseline and after 7 days for Calprotectin analysis (Figure 2).

All participants were fully informed about the study objectives 
and procedures and provided written informed consent prior to 
enrollment. Participation was voluntary, and withdrawal was 
permitted at any stage without affecting treatment.
Randomization and Allocation Concealment:

Participants were randomly allocated into four study groups 
in a 1:1:1:1 ratio using a computer-generated randomization 
sequence prepared in Microsoft Excel. Allocation concealment 
was achieved using coded opaque containers prepared by 
an independent assistant who was not involved in clinical 
examination, laboratory analysis, or statistical evaluation.
Blinding:

The study was conducted using a double-blind design. 
Participants received mouthwashes in identical coded opaque 
containers. Both participants and the clinical examiner were 
unaware of treatment allocation throughout the study period. 
Allocation codes were maintained by an independent assistant 
and were disclosed only after completion of data analysis.
Sample Size Calculation:

The sample size was calculated using G*Power software. 
(Franz Faul, University of Kiel, Germany) with a medium-
large effect size of F = 0.35, a power of 0.80, and a two-sided 
alpha error of 0.05 [27]. The minimal necessary sample size in 
these circumstances was 28 participants. To increase statistical 
reliability and compensate for possible dropouts, 44 participants 
were ultimately included. 

The total number of measurements was 88 because the 
Calprotectin biomarker level in each participant's gingival 
crevicular fluid (GCF) was assessed twice (at baseline and 
seven days later).

The following effect size conventions are applied: Small = 0.1, 
Medium = 0.25, and Large = 0.4.
Participants:

Forty-four systemically healthy male patients diagnosed with 
generalized plaque-induced gingivitis were recruited for this 
study [28].
Inclusion criteria:

(1) Male patients between the ages of 18 and 55. 
(2) Patients diagnosed with generalized plaque-induced 

gingivitis.
(3) Three months before the experiment began, there was no 

antibiotic therapy. 
(4) Not taking anti-inflammatory drugs on a regular basis. 
(5) No prior history of oral care product allergies. 
(6) Oral antiseptics should not be used often.

Exclusion criteria:
(1) Patients who decline to sign an informed consent form. 
(2) Smokers.
(3) Alcohol consumers 
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(4) Female participants were excluded to minimize hormonal 
influences on inflammatory biomarker

(5) Systemic illnesses
Protocol:

Scaling and polishing followed by mouthwash use twice daily 
for 7 days [17].
Grouping:

1. Group 1: Consisted of 11 male participants with generalized 
gingivitis (≥30% of the sites are affected) using the GEM natural 
mouthwash (Propolis, Neem and Chlorophyll), Premium Natural 
Mouthwash Crisp Mint manufactured in Australia (Figure 3A).

2. Group 2: Consisted of 11 male participants with generalized 
gingivitis (≥30% of the sites are affected) using the Propolinse 
mouthwash (Propolis& Green Tea), Natural produced by the 
Japanese company Pieras (Figure 3B).

3. Group 3: Consisted of 11 male participants with generalized 
gingivitis (≥30% of the sites are affected) using the Alcohol-
free 0.12% Kin Gingival® chlorhexidine mouthwash (Spain) 
(Figure 3C).

4. Group 4: Consisted of 11 male participants with generalized 
gingivitis (≥30% of the sites are affected) using the Distilled 
water (Placebo control).
GCF Collection:

Gingival crevicular fluid (GCF) samples were collected between 
10:00 AM and 12:00 PM. The sites were isolated using cotton 
rolls and cheek retractors to prevent saliva contamination. One 
disposable 1.5 ml Eppendorf tube (weighed using the scientific 
scale) were used in each visit for each patient. GCF samples 
were collected from the labial gingival sulcus of maxillary 
anterior teeth using PerioPaper® strips. Five PerioPaper strips 
were used for each participant The strips were gently inserted 
into the gingival sulcus using tweezers until minimal resistance 
was felt and left in place for 30 seconds [28]. And pooled into 
a single Eppendorf tube containing 250μL phosphate-buffered 
saline (PBS) PerioPaper® strips contaminated with saliva or 
blood were discarded, and sampling was repeated [29]. Samples 
were immediately transferred in a cooling box and stored at 
−80°C until laboratory analysis [30] (Figure 4).
ELISA Analysis:

Calprotectin levels were quantified using enzyme-linked 
immunosorbent assay (ELISA) ELISA Kits (Calprotectin YH 
Bio search Laboratory, China) according to the manufacturer’s 
instructions [15]. Information regarding the kit manufacturer, 
assay sensitivity, detection range, and reagent preparation 
was provided. Laboratory personnel performing biomarker 
measurements were blinded to treatment allocation throughout 
the analysis procedure.
Character:
Item
Sensitivity, 0.94 ng/mL
Detection Range, 1.56-100 ng/mL

Specificity,

Human CALP is detected in samples 
using this kit. There was no discernible 
interference or cross-reactivity between 
human CALP and its analogues.

Repeatability, Test principle Coefficient of variation is < 10%.

Per Protocol Analysis:
A per-protocol analysis was performed. Only participants who 

completed the 7-day follow-up period and provided complete 
clinical and biomarker data were included in the final statistical 
analysis.
Statistical analysis:

The Statistical Package for Social Science (SPSS version 21.0) 
was used to describe, analyze, and present the data. There are 
two types of statistical analysis: 

1-Descriptive Analysis:
A. Mean and standard deviation (SD) for quantitative variables 
B. Clustered bar chart
2- Inferential analysis:
A. One Way Analysis of Variance (ANOVA): used to find 

differences between K independent means of the quantitative 
variable using Dunnet's T3 (when the Levene test p value was 
significant or highly significant) and Tukey Honestly Significant 
Difference (HSD) (when the Levene test p value was not 
significant). 

B. Levene test: determine whether the variance of the data is 
homogeneous or heterogeneous for independent groups.

C. Paired t test: compare two related points or two investigators. 
significance level as follows: highly significant (HS) P<0.01, 

significant (S) P<0.05, and not significant (NS) P>0.05.
Data normality was assessed using the Shapiro–Wilk test. 

Homogeneity of variances among groups was evaluated using 
Levene’s test. Statistical significance was set at p < 0.05.
Results.
Clinical Periodontal Parameters:

All study groups demonstrated statistically significant 
improvements in Plaque Index (PLI), Gingival Index (GI), 
and Bleeding on Probing (BOP) after 7 days of intervention 
(p ≤ 0.001). The chlorhexidine group achieved the lowest final 
plaque and bleeding scores, whereas the Propolinse group 
demonstrated the greatest numerical reduction in gingival 
inflammation. However, no clinically meaningful superiority of 
any intervention over the others was observed.
plaque index:

(Table 1) shows the descriptive and statistical analysis of plaque 
index (PLI) among the study groups. At baseline, a statistically 
significant difference was observed between groups (p = 0.001). 
After 7 days, all groups demonstrated a reduction in PLI with 
no significant difference among them (p = 0.125). Within-group 
comparisons revealed a highly significant decrease over time 
(p = 0.001). The mean change showed the greatest reduction 
in the Propolinse group, followed by 0.12% CHX, GEM, and 
placebo. Similarly, the effect size analysis indicated the largest 
effect in the Propolinse group, with progressively smaller effects 
observed in 0.12% CHX, GEM, and placebo.
Gingival index:

(Table 2) demonstrates that there were no significant differences 
in GI values among the groups at baseline (p = 0.263), while a 
significant difference was observed after 7 days (p = 0.019). All 
groups showed statistically significant within-group reductions 
in GI scores (p = 0.001).
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Figure 1. CONSORT 2010 flow diagram of participant enrollment, randomization, allocation, follow-up, and analysis.

Regarding the mean change, Propolinse showed the highest 
improvement (1.621), followed by GEM (1.561) and 0.12% 
CHX (1.556), whereas the placebo group exhibited the lowest 
change (0.543). In terms of effect size, GEM demonstrated the 
largest effect (5.875), followed by Propolinse (4.910), 0.12% 
CHX (3.551), and placebo (2.635).

Bleeding on probing: (Table 3) shows BOP mean values across 
groups at baseline and after 7 days. All groups demonstrated 
significant reductions over time (P = 0.001), with a significant 
difference between groups at 7 days (P = 0.019).

The mean change was highest in 0.12% CHX (68.427), 
followed by Propolinse (65.502), GEM (57.305), and Placebo 
(54.382). The effect size was greatest in Propolinse (2.630), 
then 0.12% CHX (2.496), Placebo (2.464), and GEM (2.226).
Calprotectin ng/ml:

Calprotectin levels significantly decreased in all groups after 
7 days. At baseline, no statistically significant differences 
were observed among the groups (p=0.498), and similarly, no 
significant differences were detected after 7 days (p=0.802), 
indicating comparability among groups.

Within-group analysis demonstrated statistically significant 
reductions in calprotectin levels in all groups over time 
(p=0.001). The Propolinse group showed the greatest mean 
reduction, followed by GEM, 0.12% CHX, and placebo. 
However, comparison of mean change values among groups 
revealed no statistically significant difference (p=0.760). 
Calprotectin Levels (ng/mL):

(Table 4) presents the descriptive and statistical analysis 
of calprotectin mean values among the study groups (GEM, 
Propolinse, 0.12% CHX, and placebo) at baseline and after 7 
days. At baseline, no statistically significant differences were 
observed among the groups (p = 0.498), and similarly, no 
significant differences were found at day 7 (p = 0.802), indicating 
group comparability. Within-group analysis demonstrated a 
statistically significant reduction in calprotectin levels across all 
groups over time (p = 0.001). The mean change was greatest 
in the Propolinse group (14.460 ± 5.831), followed by GEM 
(14.272 ± 8.152), 0.12% CHX (12.888 ± 6.048), and placebo 
(11.929 ± 4.936). in terms of effect size, all groups exhibited 
large effects, with the highest effect size observed in the 
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Figure 2. Schematic representation of the study protocol and GCF sampling procedure.

Figure 3(A, B and C). A-GEM natural mouthwash, B- Propolinse mouthwash, C- Kin gingival® 0.12% chlorhexidine mouthwash.
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Figure 4. Collection of GCF using periopaper® strip.

Figure 5. Mean Calprotectin levels among study groups at baseline and after 7 days.
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Groups Statistical AnalysisGEM Propolines 0.12% CHX Placebo
Mean ±SD Mean ±SD Mean ±SD Mean ±SD P value*

Baseline 1.319±0.365 1.785±0.307 1.416±0.201 1.164±0.395 0.001 sig
7 days 0.137±0.295 0.066±0.016 0.022±0.019 0.164±0.059 0.125 NS
P value** 0.001 0.001 0.001 0.001
Effect size 3.522 5.743 7.252 2.716
Mean change 1.182±0.443 1.718±0.312 1.394±0.198 1.052±0.356 0.001 sig

Table 1. Descriptive and statistical tests of PLI mean values among groups and intervals.

GEM: GEM natural mouthwash (Propolis, Neem and Chlorophyll), CHX: chlorhexidine, * comparison performed by one-way ANOVA test; ** 
comparison performed by Paired T-test; Sig.=significant at p<0.05, SD: standard deviation.

Groups Statistical AnalysisGEM Propolines 0.12% CHX Placebo
Mean ±SD Mean ±SD Mean ±SD Mean ±SD P value*

Baseline 1.618±0.279 1.709±0.358 1.674±0.505 1.395±0.416 0.263 
7 days 0.057±0.029 0.087±0.065 0.118±0.227 0.343±0.380 0.019 Sig
P value** 0.001 sig 0.001 sig 0.001 sig 0.001 sig
Effect size 5.875 4.910 3.551 2.635
Mean change 1.561±0.264 1.621±0.383 1.556±0.473 0.543±0.207 0.001 Sig 

Table 2. Descriptive and statistical tests of GI mean values among groups and intervals.

GEM: GEM natural mouthwash (Propolis, Neem and Chlorophyll), CHX: chlorhexidine, * comparison performed by one-way ANOVA test; ** 
comparison performed by Paired T-test; Sig.=significant at p<0.05, SD: standard deviation.

Groups Statistical AnalysisGEM Propolines 0.12% CHX Placebo
Mean ±SD Mean ±SD Mean ±SD Mean ±SD P value*

Baseline 60.710±26.656 69.479±26.061 70.777±28.286 61.605±23.803 0.729
7 days 3.404±1.948 3.977±2.504 2.350±1.840 7.222±4.040 0.019 sig
P value** 0.001sig 0.001sig 0.001sig 0.001sig
Effect size 2.226 2.630 2.496 2.464
Mean change 57.305±25.327 65.502±26.256 68.427±27.307 54.382±20.705  0.515

Table 3. Descriptive and statistical tests of BOP mean values among groups and intervals.

GEM: GEM natural mouthwash (Propolis, Neem and Chlorophyll), CHX: chlorhexidine, * comparison performed by one-way ANOVA test; ** 
comparison performed by Paired T-test; Sig.: significant at p<0.05, ns=nonsignificant at p>0.05, SD: standard deviation.

Groups  Statistical AnalysisGEM Propolines 0.12% CHX Placebo
Mean ±SD Mean ±SD Mean ±SD Mean ±SD P value*

Baseline 27.781±6.101 28.325±4.638 26.270±4.111 26.356±2.375 0.498 
7 days 13.508±2.739 13.864±2.198 13.382±2.929 14.427±2.846 0.802
P value** 0.001 sig 0.001 sig 0.001 sig  0.001sig
Effect size 2.696 3.598 3.515 4.514
Mean change 14.272±8.152 14.460±5.831 12.888±6.048 11.929±4.936 0.760 

Table 4. Descriptive and inferential statistics of GCF calprotectin levels (ng/mL) among study groups.

GEM: GEM natural mouthwash (Propolis, Neem and Chlorophyll), CHX: chlorhexidine, * comparison performed by one-way ANOVA test; ** 
comparison performed by Paired T-test; Sig.=significant at p<0.05, ns=non-significant at p>0.05, SD: standard deviation.

placebo group (4.514), followed by Propolinse (3.598), 0.12% 
CHX (3.515), and GEM (2.696). Despite these variations, the 
differences in mean change among groups were not statistically 
significant (p = 0.760).

(Figure 5) illustrates the mean calprotectin levels for each 
study group at baseline and after 7 days. A consistent downward 
trend is observed across all groups, reflecting a reduction in 
calprotectin levels over time. The reductions appear relatively 
similar among the groups, which aligns with the non-significant 
differences observed in the between-group analysis. The 

presence of statistically significant differences between baseline 
and day 7 within each group (indicated by ** symbols) confirms 
the effectiveness of all interventions in reducing calprotectin 
levels.
Discussion.

The present study demonstrated significant reductions in 
gingival crevicular fluid calprotectin levels in all study groups 
after 7 days of treatment. This finding indicates a reduction 
in neutrophil-mediated inflammatory activity following 
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professional periodontal therapy, oral hygiene instruction, and 
adjunctive mouthwash use.

The significant improvement observed in all study groups, 
including the placebo group, can be attributed not only to the 
intervention but also to professional supragingival scaling and 
standardized oral hygiene instructions provided at baseline. 
These measures are fundamental components of gingivitis 
management and likely contributed substantially to the observed 
clinical improvements. Therefore, the tested mouthwashes 
should be considered adjuncts to mechanical plaque control 
rather than the sole determinant of treatment outcomes.

Although some treatment groups demonstrated numerically 
greater improvements in certain clinical and biochemical 
parameters, no statistically significant intergroup differences 
were observed. Therefore, these findings should be interpreted 
as numerical trends rather than evidence of the superiority of 
any specific mouthwash.

The current results align with recent studies showing that oral 
products containing propolis have positive effects on gingival 
inflammation [25], reported that propolis-based formulations 
were effective in reducing gingival inflammation and clinical 
periodontal parameters while exhibiting fewer adverse effects 
than chlorhexidine-containing products.

The present study demonstrated a highly significant reduction 
in all clinical periodontal parameters (PLI, GI, and BOP) after 
7 days of treatment (p ≤ 0.001), indicating the effectiveness of 
both mechanical plaque control and adjunctive chemical agents.

For plaque index (PLI), mean values decreased substantially 
in all groups. GEM showed a reduction from 1.319 to 0.137, 
Propolinse from 1.785 to 0.066, CHX from 1.416 to 0.022, and 
placebo from 1.164 to 0.164. These findings clearly indicate 
that CHX achieved the lowest plaque accumulation, followed 
by Propolinse and GEM.

For gingival index (GI), all groups demonstrated significant 
improvement. GEM decreased from 1.618 to 0.057, Propolinse 
from 1.709 to 0.087, CHX from 1.674 to 0.118, and placebo 
from 1.395 to 0.343 Interestingly, herbal mouthwashes showed 
comparable reductions in gingival inflammation to CHX., which 
may be related to their anti-inflammatory properties rather than 
only antimicrobial effects. Bleeding on probing (BOP) values 
also showed marked reduction. GEM decreased from 60.71 to 
3.40, Propolinse from 69.47 to 3.97, CHX from 70.77 to 2.35, 
and placebo from 61.60 to 7.22. CHX showed the greatest 
reduction.

Calprotectin is mainly released from neutrophils and monocytes 
and is considered an important biomarker of innate immune 
activation [7,8]. Since gingival inflammation is characterized 
by neutrophil migration and activation in response to dental 
biofilm, the reduction in GCF calprotectin levels may reflect 
improvement in local inflammatory status.

Plaque-induced gingivitis is primarily initiated by biofilm 
accumulation, which stimulates a localized host immune 
response characterized by gingival redness, swelling, and 
bleeding without attachment loss [1,2]. GCF provides a site-
specific diagnostic medium that reflects both clinical periodontal 
status and biological inflammatory changes [3,4]. Therefore, 
the assessment of calprotectin in GCF adds biochemical value 

to the evaluation of treatment response beyond conventional 
clinical parameters.

In the present study, calprotectin levels decreased from 
27.781±6.101 to 13.508±2.739 ng/mL in the GEM group, from 
28.325±4.638 to 13.864±2.198 ng/mL in the Propolinse group, 
from 26.270±4.111 to 13.382±2.929 ng/mL in the 0.12% CHX 
group, and from 26.356±2.375 to 14.427±2.846 ng/mL in the 
placebo group. The greatest numerical reduction was observed 
in the Propolinse group, followed by GEM, chlorhexidine, 
and placebo. However, no statistically significant intergroup 
difference was detected, suggesting comparable short-term 
effects among the tested mouthwashes.

The greater numerical reduction observed in the Propolinse 
group may be attributed to the combined biological effects 
of propolis and green tea. Propolis contains flavonoids and 
phenolic compounds with antimicrobial, antioxidant, and anti-
inflammatory effects [19,24]. Green tea contains catechins, 
particularly epigallocatechin gallate, which may suppress 
oxidative stress, inhibit inflammatory mediators, and reduce 
periodontal pathogens [20,22]. These mechanisms may explain 
the stronger numerical influence of Propolinse on calprotectin 
reduction.

The GEM mouthwash also demonstrated a considerable 
reduction in calprotectin levels. This effect may be related to 
its combination of propolis, neem, and chlorophyll. Neem has 
antibacterial and anti-inflammatory properties and has been 
reported to reduce plaque and gingival inflammation [21]. 
Chlorophyll may also contribute to oral freshness and supportive 
anti-inflammatory effects. Therefore, GEM may provide a 
combined herbal effect that supports gingival inflammatory 
control.

Although chlorhexidine remains the gold standard antiplaque 
agent due to its broad-spectrum antimicrobial activity and 
substantivity, its prolonged use is limited by adverse effects such 
as staining, taste disturbance, burning sensation, and mucosal 
irritation [17,18]. Therefore, herbal mouthwashes may be useful 
as safer alternatives for long-term daily use, particularly when 
prolonged chlorhexidine use is not desirable.

The significant reduction observed in the placebo group 
may be explained by the professional scaling and polishing 
and standardized oral hygiene instructions provided to all 
participants. Mechanical plaque control remains the primary 
factor in gingivitis improvement and may have contributed 
strongly to the biomarker reduction across all groups [1,2]. The 
short duration of the intervention may also explain the absence 
of statistically significant differences between mouthwashes.

The reduction in calprotectin levels supports the concept that 
improvement in gingival inflammation is associated not only 
with clinical changes but also with measurable biochemical 
changes in GCF. Since calprotectin reflects neutrophil-mediated 
inflammatory activity, its reduction may indicate suppression of 
local acute inflammatory response within gingival tissues [10]. 
From a clinical perspective, the findings suggest that herbal 
mouthwashes may serve as promising adjunctive agents in the 
management of plaque-induced gingivitis. Herbal formulations 
showed similar biochemical anti-inflammatory effects and may 
be more appropriate for long-term daily usage because of their 
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favorable safety profile, even if chlorhexidine is still quite 
efficient for controlling plaque.

Significantly, a number of systemic inflammatory disorders 
have been connected to periodontal disease. Calprotectin 
is becoming more widely acknowledged as a biomarker of 
the burden of systemic inflammation in many disorders [17]. 
Therefore, although further long-term research is needed, 
regulation of GCF calprotectin by periodontal treatment and 
herbal mouthwashes may have potential ramifications beyond 
local periodontal healing.

These results should be viewed cautiously, though. The 
investigated mouthwashes' long-term anti-inflammatory 
and immunomodulatory benefits might not be completely 
reflected in the brief 7-day follow-up period. Furthermore, 
small differences in sample may have an impact on biomarker 
quantification since GCF collection is technique-sensitive [28]. 
It is advised that future research with longer follow-up times 
and more inflammatory indicators be conducted to elucidate the 
long-term function of herbal mouthwashes in reducing gingival 
inflammation and halting the development of periodontitis from 
gingivitis.

To the best of the authors’ knowledge, this is among the 
first randomized clinical trials evaluating the effect of GEM 
mouthwash and Propolinse mouthwash on GCF calprotectin 
levels in gingivitis patients.

The present study was limited by the short intervention period 
of seven days, which allowed assessment of only the short-term 
effects of the tested mouthwashes. Consequently, the present 
findings should be interpreted as short-term outcomes and 
should not be extrapolated to long-term clinical effectiveness.
Study Limitations.
1.	 The short duration of the study (7 days) limits the evaluation 

of long-term effects. The timing of GCF collection may 
influence biomarker levels due to circadian variation. 

2.	 GCF volume is influenced primarily by time and inflammatory 
status. In some cases, repeated sampling was required 
due to blood contamination, which may affect biomarker 
concentration. 

3.	 Individual differences in mechanical plaque control may still 
influence results. 

4.	 Only male participants were included to minimize 
the influence of hormonal fluctuations on periodontal 
inflammatory biomarkers. Consequently, the findings may 
not be fully generalizable to female populations. Future 
studies should include both sexes to improve the external 
validity of the findings.

Conclusion.
Within the limitations of this 7-day randomized clinical 

trial, both herbal mouthwashes and 0.12% chlorhexidine 
demonstrated favorable clinical and biochemical outcomes. No 
statistically significant intergroup differences were observed. 
Although Propolinse showed the highest numerical decrease 
in calprotectin levels, it was not proven to be superior to 
chlorhexidine or placebo. To verify the long-term efficacy 
and safety of these herbal formulations, additional long-term 
randomized controlled trials are needed.
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