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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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].
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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.

Calprotectinisasensitive 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 Dbaseline, 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
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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



(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).

GCEF Collection:

Gingival crevicularfluid (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 250uL 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
Detection Range

0.94 ng/mL

1.56-100 ng/mL

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

Specificity

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



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 1. CONSORT 2010 flow diagram of participant enrollment, randomization, allocation, follow-up, and analysis.
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collection of GCF sample from the upper anterior teeth (stored at -20 °C).
Supragingival Scaling and polishing, Motivation and Oral Hygiene instructions.
Participants allocated into four groups, the first group received Gem mouth
wash, the second group received Propolinse mouth wash third group received
CHX (positive control), and the fourth group received distilled water (negative
control) in opaque coded containers with mechanical plaque control.

l 1 week

collecting GCF sample (stored at -80 °C)

|

preparing GCF samples for
ELISA both before and
after treatment

1

Statistical analysis for inflammatory marker level

(Calprotectin)

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.



Figure 4. Collection of GCF using periopaper® strip.
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Figure 5. Mean Calprotectin levels among study groups at baseline and after 7 days.
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Table 1. Descriptive and statistical tests of PLI mean values among groups and intervals.

Groups
GEM Propolines
Mean £SD Mean £SD
Baseline 1.319+0.365 1.785+0.307
7 days 0.1374+0.295 0.066+0.016
P value** 0.001 0.001
Effect size 3.522 5.743
Mean change 1.182+0.443 1.718+0.312

0.12% CHX Placebo Statistical Analysis
Mean £SD Mean +£SD P value*
1.416+0.201 1.164+0.395 0.001 sig
0.022+0.019 0.164+0.059 0.125 NS

0.001 0.001

7.252 2.716

1.394+0.198 1.052+0.356 0.001 sig

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.

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

Groups

GEM Propolines

Mean +SD Mean +SD
Baseline 1.618+0.279 1.709+0.358
7 days 0.057+0.029 0.087+0.065
P value** 0.001 sig 0.001 sig
Effect size 5.875 4.910
Mean change 1.561+0.264 1.621+0.383

Statistical Analysis

0.12% CHX Placebo

Mean £SD Mean £SD P value*
1.674+0.505 1.395+0.416 0.263
0.118+0.227 0.343+0.380 0.019 Sig
0.001 sig 0.001 sig

3.551 2.635

1.556+0.473 0.543+0.207 0.001 Sig

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.

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

Groups

GEM Propolines

Mean +SD Mean +SD
Baseline 60.710+26.656 69.479+26.061
7 days 3.404+1.948 3.977+2.504
P value** 0.001sig 0.001sig
Effect size 2.226 2.630

Mean change

57.305+25.327

65.502+26.256

0.12% CHX Placebo Statistical Analysis
Mean £SD Mean +SD P value*
70.777+28.286 61.605+23.803 0.729

2.350+1.840 7.222+4.040 0.019 sig

0.001sig 0.001sig

2.496 2.464

68.427+27.307 54.382+20.705 0.515

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.

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

Groups

GEM Propolines

Mean £SD Mean £SD
Baseline 27.781+6.101 28.325+4.638
7 days 13.508+2.739 13.864+2.198
P value** 0.001 sig 0.001 sig
Effect size 2.696 3.598

Mean change

14.272+8.152

14.460+5.831

0.12% CHX Placebo Statistical Analysis
Mean £SD Mean £SD P value*
26.270+4.111 26.356+2.375 0.498

13.382+2.929 14.427+2.846 0.802

0.001 sig 0.001sig

3.515 4514

12.888+6.048 11.929+4.936 0.760

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
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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



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
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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
28.32544.638 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



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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