
ORIGINAL ARTICLE

The effects of a novel herbal toothpaste on salivary lactate
dehydrogenase as a measure of cellular integrity

Prem K. Sreenivasan1
& Veera Venkata Prasad Kakarla2 & Shweta Sharda2 & Yogitha Setty2

Received: 4 October 2019 /Accepted: 6 October 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Objective Lactate dehydrogenase (LDH) is a critical intracellular enzyme responsible for anaerobic respiration in pyruvate
metabolism which becomes detectable in extracellular spaces after cellular breakdown. This clinical investigation examined
the effects of brushing with a test toothpaste containing natural ingredients, i.e., clove (Syzygium aromaticum), aloe vera (Aloe
barbadensis), amla (Emblica officinalis), neem (Azadirachta indica), tulsi (Ocimum basillicum), and honey (from Apis
mellifera), and 0.96% zinc (zinc oxide, zinc citrate) and 0.76% SMFP (1000 ppm F) in a calcium carbonate base formulated
with natural ingredients (Ved Shakti, Colgate Palmolive India) and a fluoride toothpaste containing 0.76% SMFP (1000 ppm F)
in a calcium carbonate base (Colgate Cavity Protection, Colgate Palmolive; henceforth control) on salivary LDH in conjunction
with the assessments of dental plaque and gingivitis representing oral hygiene parameters.
Materials and methods This double-blind, two-cell study enrolled 70 adults (age range 20–59 years). Subjects completed a
washout and provided baseline saliva samples for LDH analysis and clinical assessments of dental plaque and gingivitis using the
Turesky Modification of Quigley-Hein and Loe-Silness methods respectively. Subjects were randomly assigned to brush their
teeth with either the test or control. Post-treatment sample collection and clinical evaluations were conducted after 3 weeks, 6
weeks, and 12 week sof brushing with all assessments conducted 12 h after hygiene. Statistical analyses were conducted
independently for each parameter by t-test for within treatment evaluation and analysis of covariance (ANCOVA) for between
treatment comparisons.
Results At baseline, treatment groups demonstrated no significant differences for LDH or dental plaque and gingival index
scores. Brushing with the test demonstrated progressive reductions in salivary LDH, plaque and gingival index scores over the
study duration in comparison to the control. The test demonstrated reductions in LDH of 9.5–15.4% over the study period in
comparison to the control representing statistically significant effects (p < 0.05). The test also demonstrated reductions in dental
plaque that ranged between 6.4 and 16.2% over the study period and gingivitis reductions that ranged between 8.2 and 23.8%
representing statistically significant results (p < 0.05).
Conclusions Brushing with a novel herbal toothpaste demonstrated significant reductions in salivary LDH representing improve-
ments in cellular integrity with concurrent reductions in dental plaque and gingivitis as compared to the control dentifrice.
Clinical relevance Salivary LDH measurements offer a non-invasive and objective measurement of mucosal cellular integrity
complementing other evaluations and clinical assessments such as plaque and gingival index scores.
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Introduction

The human mouth exposed to the external environment rep-
resents a complex ecosystem shaped by its distinct intra-oral
niches harboring large densities of endogenous organisms
found as biofilms on the surfaces of the teeth, tongue, and
mucosa. Microbial utilization of dietary residues augments
the growth and proliferation of these organisms releasing
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metabolic by-products and cellular factors some of which
have antigenic or immunological features [1, 2, 3]. Optimal
routine oral hygiene representing an important component of
self-care is needed to sufficiently cleanse the teeth and the
mouth to reduce the influences of these inflammatory compo-
nents. Epidemiological evidence indicates that inflammation
of the gums and tissues supporting the teeth resulting in gin-
givitis is widespread and is commonly attributed to the lack of
effective oral hygiene to cleanse the teeth and the mouth [4].
The inception and advancement of gingivitis to other destruc-
tive conditions such as periodontitis are widely attributed to a
microbial etiology that may lead to tooth loss [1].

Mucosal surfaces such as those in the mouth, nose, and
gastrointestinal tract form an interface between the host and
the external environment including the organisms endogenous
to these regions [2, 5, 3]. The oral epithelium forms the outer-
most cellular barrier of the host offering protection from path-
ogens, their by-products, exogenous substances, mechanical
stresses and other factors. Defined laboratory models offer an
important avenue to clarify the interactions between the epithe-
lial cells and exogenous substances resident in the human
mouth including the endogenous organisms [2]. The presence
of oral bacteria, their by-products, and other substances has an
effect on these mucosal cells representing an area relevant to
oral health and hygiene but with limited literature representa-
tion. In general, damage to mucosal cells due to microbial
toxins or other factors in laboratory analyses have been evalu-
ated by studying the release of intracellular content and cellular
enzymes [6–11, 12]. Lactate dehydrogenase (LDH) is a consti-
tutive enzyme found in all cells of the human body [7, 13, 14]
with reported stability [15] and an extensive literature [8]. The
extracellular localization of LDH is reportedly associated with
epithelial tissue injury [16] and related to the oral clinical status
[14, 17, 12]. Laboratory investigations report relationships be-
tween LDH release, ATP levels, and oxidative phosphorylation
with descriptions of other parameters of cellular damage such
as glycolysis needed to maintain membrane function and integ-
rity [18]. These efforts suggest a progression of steps leading to
membrane damage and the release of intracellular contents.
Progress in mucosal barrier research has offered a broader per-
spective with reference to analysis of gastrointestinal status
associated with health and clinical disease [5].

Oral hygiene with a toothpaste and a toothbrush are com-
monly used to cleanse the mouth and reduce the undesirable
influences of the resident bacteria and their damaging by-
products. Herbal ingredients including clove, aloe vera, amla,
neem, tulsi and honey representing natural ingredients
[19–22] and zinc salts [20] have a long history of use in oral
hygiene due to their record of safety and efficacy. These in-
gredients are reported to demonstrate effects on oral bacteria
[23] with honey reducing the levels of salivary mutans strep-
tococci [24] and formulations effective on dental plaque in
clinical evaluations [25]. Several clinical studies identify the

effects of herbal formulations on dental plaque and gingivitis
[26, 27], microbiological outcomes [27], and among ortho-
dontic patients for home-based use [28].

A toothpaste formulated with herbs and zinc has demon-
strated reductions in dental plaque and gingivitis along with
effects on oral bacteria including gram-negative organisms of
the dental plaque, cheek, and tongue (manuscript in prep).
Studies with zinc in conjunction with dietary ingredients re-
port clinical improvements in the integrity of gastrointestinal
mucosa of children [29] with favorable attributes of other
dietary ingredients reported in other models [30]. Based on
the large surface area of the oral mucosa and its exposure to
the environment and resident stresses, the effect of oral hy-
giene on mucosal integrity likely represents an important pa-
tient relevant outcome. However, investigations evaluating
the effects of routine oral hygiene on parameters of mucosal
health remain limited. Accordingly, the purpose of this study
was to evaluate salivary LDH as a measure of mucosal cellular
integrity after oral hygiene with this toothpaste. Included in
the study were assessments of dental plaque and gingivitis to
examine the effects of the issued treatments on well-identified
clinical parameters.

Materials and methods

This single-center clinical study was conducted at the SDM
Dental College and Hospital, Dharwad, India, after approval
of the study protocol by the ethical board of the college. The
study was a randomized, single-center, double-blind parallel
design study. A total of eighty adult male and female subjects
were enrolled based on the following inclusion and exclusion
criteria. Inclusion criteria included (1) subjects providing vol-
untary informed consent and in good general health between
the age of 18 and 70 years with at least 20 natural teeth (ex-
cluding third molars), (2) subjects available for the study pe-
riod, and (3) subjects presenting a mean gingival index score
of at least 1.0 as determined by the Loe-Silness gingival index
and an initial mean plaque index score of 1.5 or more by the
Turesky Modification of the Quigley-Hein plaque index.

Exclusion criteria included (1) subjects who presented with
orthodontic bands, partial removable dentures, oral ulcers, ad-
vanced periodontal disease, and five or more carious lesions
requiring immediate restorations; (2) subjects who reported
allergies to consumer products including ingredients used
commonly in personal care formulations; (3) subjects
reporting ongoing pregnancy, lactation, systemic conditions,
or reporting prescription medications; (4) subjects who had
undergone dental or medical treatments in the month prior to
the screening visit or had participated in a clinical study or test
panel; and (4) subjects who were unable to refrain from food
or drink for a period of four hours or reported the use of
antibiotics in the 4 weeks preceding the screening visit.
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Study enrollment was restricted to those who completed an
informed consent form, met the study criteria based on eval-
uations, and were available for the study duration.

Procedures

Enrolled subjects completed a washout phase with a commer-
cially available fluoride toothpaste and toothbrush. During the
washout phase, subjects performed oral hygiene with the pro-
vided washout articles and refrained from using any other oral
hygiene formulations. After the washout phase, subjects
returned to the dental clinic for their baseline evaluations. At
the baseline visit, subjects arrived for their scheduled visit
prior to oral hygiene and provided a saliva sample. Saliva
was collected in a sterile wide-mouth tube marked with sub-
ject relevant identification details. Approximately 5 ml of sa-
liva was collected from each subject. A clinical evaluation for
gingival index and dental plaque were conducted during the
baseline visit as described in the section below. Subjects were
randomized to a treatment group and assigned their treat-
ments. Test toothpaste assignment was blinded with these
articles overwrapped and provided a unique code. Tomaintain
blinding, treatment assignments were conducted in an area
separate from clinical evaluations or other activities by per-
sonnel unaffiliated with any other study functions. All sub-
jects were informed to brush twice daily with their assigned
toothpastes using the provided soft-bristled toothbrush. The
test toothpaste was formulated with natural ingredients, i.e.,
clove (Syzygium aromaticum), aloe vera (Aloe barbadensis),
amla (Emblica officinalis), neem (Azadirachta indica), tulsi
(Ocimum basillicum), and honey (from Apis mellifera), and
0.96% zinc (zinc oxide, zinc citrate) and 0.76% SMFP
(1000 ppm F) in a calcium carbonate base (Ved Shakti,
Colgate Palmolive India) and a fluoride toothpaste containing
0.76% SMFP (1000 ppm F) in a calcium carbonate base
(Colgate Cavity Protection, Colgate Palmolive) without the
natural ingredients or zinc served as a control.

Test toothpaste assignment was blinded with these articles
overwrapped and provided a unique code. A commercial-
ly available soft-bristled toothbrush was provided to all
subjects. Subjects were informed to brush twice daily with
provided toothpaste and toothbrush and not share the pro-
vide articles with anyone, refrain from using any other
oral hygiene products for the duration of the study, and
inform study personnel in the event of any change in their
health status. Subjects returned to the dental clinic for
sampling and examinations similar to the baseline visit
after 3 weeks, 6 weeks, and 12 weeks of brushing with
their assigned toothpaste. At each visit, a dentist complet-
ed an oral examination, and subjects were interviewed for
their health status and experiences with provided test
articles.

Clinical assessments for dental plaque and gingivitis

Assessments of dental plaque and gingivitis were conducted
using established clinical indices represented by the Turesky
Modification of Quigley-Hein and the Loe-Silness index re-
spectively [31, 32].

Laboratory analysis of saliva samples

Saliva samples collected from subjects were transported to a
laboratory and analyzed upon receipt. LDH assessments were
conducted by examining the reaction between pyruvate and
NADH to produce NAD+ and lactate based on described prin-
ciples [8] utilizing a commercial kit (DIALAB, Austria) and
conducted as per provided procedures. Saliva samples were
centrifuged at 3,000 RPM for 5 min, and the supernatants
utilized for tests based on established principles [33]. Saliva
(20 μl) was incubated with pyruvate substrate (1 ml) and
incubated for 1 min at room temperature, prior to the addition
of 0.25 ml of NADH. Samples were read for absorbance at
340 nm at 30-s intervals for up to 120 s. LDH levels (IU/L)
were derived from change in absorption per minute. Controls
included reactions that lacked each reagent of the test and
those with no added samples.

Statistical analysis

A sample size of 40 subjects per treatment group was deter-
mined to detect a difference of approximately 0.2 units be-
tween treatments for gingival index scores. Calculations were
based on standard deviations of 0.3 with α of 0.05 and statis-
tical power of 80%.

Statistical analyses were conducted separately for each
evaluation including the gingival index, plaque index, and
LDH. Treatment groups were compared with respect to gen-
der using a Chi-square and an independent t-test for age.
Within treatment comparisons from the baseline to each
post-treatment assessment was conducted using a paired t-test.
Independent t-tests compared baseline scores for each param-
eter between treatment groups. The effect of treatments at each
follow-up examination was determined by analysis of covari-
ance (ANCOVA) using baseline adjusted scores. Statistical
analyses were two-sided with significant differences deter-
mined at p < 0.05.

Results

A summary of demographic characteristics of subjects com-
pleting the study is shown in Table 1. Seventy subjects com-
pleted the entire study with 34 subjects in the test and 36
subjects in the control group providing evaluable results as
shown in CONSORT form (Fig. 1). Twenty women and fifty
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men completed the study with an age range of 20–59 years
and an average age of 38.07 years. Analyses indicate that the
mean age in the control and test groups were 38.9 and 37.2
years respectively with no significant differences by ANOVA
(p > 0.05). Similarly, there were no significant differences
between the two treatment groups for gender by Chi-square
analysis (p > 0.05). No adverse events were reported by the
subjects or dental examiners over the study period.

Results from the clinical evaluations conducted over the
study period from subjects who completed the entire study
are presented in Tables 2, 3, 4, and 5. Table 2 provides a
summary of results as mean and SD from all evaluations con-
ducted 12 h after oral hygiene. Average baseline levels of
LDH in the treatment groups were 242.1 and 240.2 in the test
and control groups respectively and recorded average gingival
index scores of 1.2 and dental plaque index scores of 2.58 at
baseline. Analyses indicate no significant differences between
treatment groups for any recorded clinical outcome (p > 0.05)
but progressive reductions in post-treatment scores over the
study period.

Analysis of the 3-week post-treatment results is presented
in Table 3. All treatments demonstrating significant reduc-
tions from their corresponding baselines for clinical outcomes
were evaluated (p < 0.05). Analysis by ANCOVA comparing
the two treatment groups indicates significant greater reduc-
tions in the test group in comparison to the control (p < 0.05).
Baseline-adjusted LDH scores for the test and control were
213 and 236 respectively representing a difference of 9.5%
between the treatment groups. At the 3-week post-treatment
evaluation, the gingival index scores for test and control
groups were 0.89 and 0.97 respectively for a 9.5% difference
between treatments (p < 0.05). Plaque index scores for the test
and control were 2.33 and 2.49 respectively after the 3-week

use of assigned test treatments. A significant difference of
6.4% in dental plaque scores was observed with lower plaque
levels observed in the test group in comparison to the control
(p < 0.05).

Shown in Table 4 is a summary of the analysis of results
from the 6-week post-treatment evaluations. Both treatment
groups demonstrated reductions from their corresponding
baseline by paired t-tests for each evaluated outcome measure
(p < 0.05). The test group demonstrated significantly greater
reductions than the control by ANCOVA for LDH and the
clinical indices evaluating gingivitis and dental plaque (p <
0.05). Baseline-adjusted LDH scores for the test and control
were 146 and 169 respectively representing a statistically sig-
nificant difference of 13.9% between the treatment groups (p
< 0.05). Gingival index scores for the test and control were
0.67 and 0.84 respectively representing a 20% difference be-
tween treatment groups (p < 0.05). At the 6-week assessment,
plaque index scores for the test and control were 1.86 and 2.22
respectively. A significant difference of 16.2% in dental
plaque scores were observed between the treatment groups
with lower scores registered with the test group in comparison
to the control (p < 0.05).

Analysis of the 12-week results is presented in Table 5.
Treatment groups demonstrated reductions for each outcome
from their corresponding baselines (p < 0.05) with significant
differences between treatment groups (p < 0.05). LDH levels
in the test and control were 146 and 173 respectively
representing a statistically significant difference of 15.4% be-
tween these treatment groups (p < 0.05). Gingival index
scores for the test and control were 0.61 and 0.80 representing
a 23.8% difference between treatment groups (p < 0.05).
Plaque index scores for the test and control groups were
1.41 and 1.72 respectively (p < 0.05). Analyses indicate that
the test group registered a statistically significant 18% lower
dental plaque score than the control (p < 0.05).

Discussion

Common oral diseases including gingivitis and periodontal
disease are chronic conditions reported globally [1, 4].
Whereas these conditions are attributed to the presence of
endogenous bacteria and their metabolic by-products [2],
these may work in conjunction with other exogenous sub-
stances to exert toxic effects on the exposed mucosa and
the epithelial cells. Whilst emerging technologies have
augmented assessments of oral health status, the corre-
sponding microbiomes, their prevalence in distinct oral
niches andthe effects of interventions, fewer investigations
have examined the oral mucosa nor its integrity in the
transition from health and disease or treatmenteffects
[34]. The purpose of this study was to extend our knowl-
edge on examining the cellular status of the oral mucosa

Table 1 Demographics of subjects who completed the entire study

Total (n = 70) Control (n = 36) Test (n = 34)

Age

Mean (SD)ǂ 38.07 (9.34) 38.9 (8.25) 37.2 (10.42)

Age range 20–59 20–56 20–59

Gender

Male n = 50 n = 25 n = 25

Mean (SD) 37.86(10.13) 38.8 (9.22) 36.92 (11.09)

Age range 20–59 20–56 20–59

Female n = 20 n = 11 n = 9

Mean (SD) 38.6 (7.17) 39.18 (5.84) 37.89 (8.85)

Age range 20–58 27–49 26–59

ǂNo significant differences between treatment groups for age byANOVA
(p > 0.05)

No significant differences between treatment groups for gender by Chi-
square analysis (p > 0.05)
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and mucosal barrier and evaluate any changes following
oral hygiene. Included in the clinical study design was an
assessment of oral health status using commonly utilized
indices for dental plaque and gingivitis to provide a bio-
logical measure of the efficacy features of evaluated
toothpastes.

The human mouth has diverse microenvironments includ-
ing shedding and non-shedding surfaces. Numerous factors
including nutrient availability, mechanical stress, microbial
growth, and others that remain incompletely characterized
likely play a role in maintaining the health and integrity of
the mucosal barrier [2]. In the current investigation, an

Fig. 1 CONSORT flow diagram
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assessment of salivary LDH was utilized as an indicator of
damage to the oral mucosa and its breakdown. Based on its
extensive history, salivary LDH has been evaluated in peri-
odontal research [14] with reports elucidating changes in its
levels from health to disease [17]. Other research has exam-
ined cellular integrity and membrane function including as-
sessments of biocompatibility of implants for application in
dentistry and orthopedics [35] or changes in cellular activity
during orthodontics [36]. LDH comprising an enzyme from
the host is reportedly more sensitive than measures of other
leaked cellular contents including analysis of cellular DNA
[35]. Its cytoplasmic localization, abundance, and ubiquity
within the living cell offer features appropriate for analysis.
The sequences of events relating LDH release to changes in
cellular glycolysis and intracellular ATP release or changes in
membrane function and integrity are relevant in determining
the steps in the initiation, progression, and potential repair of
cellular damage [18].

Other features of salivary LDH that need consideration are
its relationship to oral indices and clinical status [17] but with-
out a relationship to serum LDH [37] or other physiological
changes [38, 39] offering oral region specific assessments

unaffected by general health status. For example, tear LDH
is reportedly an established and objective approach to examine
the status of corneal epithelial surface. Clinical investigations
designed to improve the safety features of daily wear or ex-
tended use contact lens have utilized tear LDH as a measure of
the effects of hypoxia and/or mechanical damage due to these
lenses [16]. Additional investigations report the utilization of
LDH as a cellular marker to compare the effects of marketed
multipurpose contact lens solutions on the corneal epithelium
[40]. The toxicity of ingredients considered for food [41] and
cosmetic applications [42] were reported using LDH analysis
[12]. To design effective therapeutics, analysis of nasal lavage
fluid LDH has examined the integrity of nasal respiratory
epithelium to evaluate if cell penetrating peptides can enhance
the delivery of insulin without damaging nasal mucosa [43].
The significance of maintaining the gut barrier function [5], its
alterations in disease, and dietary approaches to augment the
barrier has been reported in clinical evaluations [29]. Other
investigations indicate barrier enhancements by dietary sup-
plements [30] or the negative influences of food intolerances
and its impact on gut barrier function [44].

Table 3 Summary of baseline-
adjusted subject mean (SE) for
salivary LDH and gingival and
plaque index at the 3-week post-
treatment evaluation for subjects
who completed the entire study

Parameter Treatment Adj. 3 week

Mean (SE)

Within treatment
comparisons*

Between treatment
comparisons¶

Salivary LDH (IU/L) Test 213.6 (100.2) 11.8% 9.5%
Control 236.0 (107.4) -15.6%

Gingival index Test 0.89 (0.22) 30.5% 8.2%
Control 0.97 (0.18) 19.2%

Plaque index Test 2.33 (0.49) 9.7% 6.4%
Control 2.49 (0.49) 3.5%

*Percent change exhibited by the 3-week mean relative to the baseline mean. A positive value indicates a
reduction in the parameter by a paired t-test. Statistically significant at p < 0.05

¶Percent differences between the test and control treatments evaluated by ANCOVA utilizing baseline-adjusted
means. Statistically significant at p < 0.05

Table 2 Summary of subject
mean (SD) for salivary LDH,
dental plaque, and gingival index
scores at all examinations for
subjects who completed the entire
study

Parameter Treatment Baseline

Mean (SD)*
3 Weeks

Mean (SD)

6 Weeks

Mean (SD)

12 Weeks

Mean (SD)

Salivary LDH Test 242.1 (165.6) 213.6 (100.2) 146.2 (69.5) 146.7 (75.3)

Control 240.2 (115.9) 236 (107.4) 169.9 (76.6) 173.4 (75.2)

Gingival index Test 1.28 (0.14) 0.88 (0.21) 0.66 (0.16) 0.61 (0.16)

Control 1.20 (0.14) 0.97 (0.18) 0.83 (0.13) 0.80 (0.14)

Plaque index Test 2.58 (0.45) 2.32 (0.48) 1.85 (0.45) 1.41 (0.39)

Control 2.58 (0.57) 2.49 (0.48) 2.21 (0.45) 1.72 (0.46)

*No statistically significant difference was indicated between the two treatment groups at baseline for all evalu-
ated parameters (p > 0.05)
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Analysis of saliva samples in this study is consistent with
the increasing focus placed on this sample for research and
diagnosis [45]. A range of markers representing oral and sys-
temic conditions including metabolites, heavy metals, toxins,
hormones, proteins, and enzymes are evaluable in saliva [46].
In this investigation, saliva was evaluated biochemically since
it becomes contaminated with LDH due to mucosal cellular
injury representing a breakdown of the oral barrier. The flex-
ibility offered by saliva has led to other investigations that
seek to optimize collection procedures, examine sample bank-
ing, automation [14, 47], and other biochemical test formats
that may aid longitudinal evaluations or advance clinical prac-
tice.While sample stability has been identified as an important
feature influencing results [6], the present investigation sought
to reduce the influences of experimental variables by analyz-
ing samples upon receipt. Additionally, sampling was con-
ducted in the morning (between 7 AM and 9 AM) from all
subjects prior to oral hygiene or breakfast for standardized
assessments. LDH analyses were conducted upon sample re-
ceipt with appropriate controls. These steps were taken to

minimize loss of enzyme activity consequent to utilized meth-
odology or other sample variables including bacterial activity,
sample pH, dietary influences, and other interfering constitu-
ents in saliva such as exogenous enzyme activities that may
lead to sample denaturation including physical parameters and
the effects of freezing and thawing.

Ingredients in the test toothpaste include zinc and several
herbal components utilized in oral hygiene due to their record
of safety and efficacy. A considerable literature documents the
favorable application of zinc salts in oral hygiene [20] and
herbal ingredients [19, 21, 22] including clove extracts [48].
Improvements in clinical and microbiological outcomes were
reported among subjects randomized to an aloe vera tooth-
paste formulation in comparison to control [27], and labora-
tory and clinical studies have examined the effects of other
ingredients. In comparison to a placebo, a neem mouthrinse
provides significant reductions in plaque and gingival indices
[49] with similar effects reported for a toothpaste used as a
home-based adjunct by orthodontic patients [28]. Amla and
tulsi (holy basil) have fewer investigations. Tulsi inhibited

Table 4 Summary of baseline-adjusted subject mean (SE) for salivary LDH and gingival and plaque index at the 6-week post-treatment evaluation for
subjects who completed the entire study

Parameter Treatment Adj. 6 Weeks
Mean (SE)

Within treatment comparisons* Between treatment comparisons

Salivary LDH (IU/L) Test 146.2 (69.5) 39.6% 13.9%
Control 169.9 (76.6) 16.8%

Gingival index Test 0.67 (0.17) 47.7% 20.2%
Control 0.84 (0.14) 30.0%

Plaque index Test 1.86 (0.46) 27.9% 16.2%
Control 2.22 (0.45) 13.9%

*Percent change exhibited by the 6-week mean relative to the baseline mean. A positive value indicates a reduction in the parameter by a paired t-test.
Statistically significant at p < 0.05

¶Percent differences between the test and control treatments evaluated by ANCOVA utilizing baseline-adjusted means. Statistically significant at p <
0.05

Table 5 Summary of baseline-adjusted subject mean (SE) for salivary LDH and gingival and plaque index at the 12-week post-treatment evaluation for
subjects who completed the entire study

Parameter Treatment Adj. 12 Weeks
Mean (SE)

Within treatment comparisons* Between treatment comparisons

Salivary LDH (IU/L) Test 146.7 (75.3) 39.4% 15.4%
Control 173.4 (75.2) 15.1%

Gingival index Test 0.61 (0.16) 52.3% 23.8%
Control 0.80 (0.14) 33.3%

Plaque index Test 1.41 (0.39) 45.3% 18.0%
Control 1.72 (0.47) 33.3%

*Percent change exhibited by the 12-week mean relative to the baseline mean. A positive value indicates a reduction in the parameter by a paired t-test.
Statistically significant at p < 0.05

¶Percent differences between the test and control treatments evaluated by ANCOVA utilizing baseline-adjusted means. Statistically significant at p <
0.05
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both Prevotella intermedia and Fusobacterium nucleatum in
laboratory studies, and a tulsi rinse reduced dental plaque in a
4-day clinical evaluation [50]. Whereas a cariogenic effect of
honey was reported in laboratory evaluations using a rat mod-
el [51], honey has a history of medical applications in respi-
ratory infections, wound healing, and improving skin condi-
tions [52] along with dental literature reporting laboratory and
clinical effects [21, 22]. For instance, in conjunction with
green tea, honey reduces salivary organisms [23]. Amongst
children assigned honey, reductions in salivary Streptococcus
mutans were noted over a 21-day period [24]. Additionally,
dental plaque inhibition were observed amongst children after
use of mouthwash formulated with honey [53]. In investiga-
tions with 437 young adults [25] and dental students [-
54] favorable outcomes were reported after use of a honey
mouthwash.

Results from the present investigation demonstrate similar
scores at baseline between treatment groups for all evaluated
parameters but progressive reductions in these outcomes over
the study. Oral LDH levels in the control group decreased from
240 to 236 over the study period representing no significant
differences; however, the effects of the test groupwere substan-
tially higher with a 11% difference. The test group consistently
demonstrated statistically significant reductions from the con-
trol with a 9.5% noted after 3 weeks that increased to 13% at 6
weeks and 15% at 12 weeks. The inclusion of conventional
clinical indices in the evaluations was aided in relating the
observed results with those noted with LDH.

Subjects who volunteered for study participation reported a
domiciliary status representing both urban and rural habita-
tion. While these subjects were not seeking either medical or
dental care, they reported limited utilization of dental services
due to factors commonly reported from such populations [55].
Notably, these community dwelling individuals had no prior
exposure or participation in any clinical studies. While they
were not instructed on brushing techniques or to change their
dietary habits, subjects were instructed to brush twice daily
and refrain from other oral hygiene formulations during the
study period. Study compliance was evaluated by periodic
contact with the subjects and during the post-treatment recall
visits. The present data evaluated samples collected from sub-
jects with gingivitis and no clinical signs of periodontal dis-
ease and were free of systemic conditions including diabetes
based on a self-reported health status during the screening
visit. Future studies can consider expanding on these results
by examining other populations to determine the effects of
interventions and other parameters. In summary, the results
from this investigation indicates that salivary LDH represents
a convenient and non-invasive method to evaluate mucosal
integrity and likely amenable to point-of-care diagnostics
along with the flexibility for remote sampling applications.
Furthermore, LDH evaluation is established in laboratory ex-
amination of ingredients with the present efforts representing

a translation to clinical application. Taken together, results
from this investigation provides an approach to examine the
effects of dental interventions such as oral hygiene formula-
tions on assessing cellular integrity or breakdown and injury
to provide a whole mouth assessment.
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