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With links to so many serious diseases, the importance of controlling 
oral bacteria is clear. !e dental intervention for periodontal disease 
typically includes mechanical removal of the plaque bio"lm and/
or surgical procedures in advanced cases. Scaling and root planning 
are currently the gold standard of non-surgical care for chronic 
periodontitis. In addition, the application of antimicrobials has been 
shown to be e#ective in improving probe depth measurements, and 
clinical attachment levels compared to mechanical cleaning alone [20]. 
Chlorhexidine (CHX) is commonly used as a major component in 
mouth rinses to reduce gingival infections. At high concentrations, it 
acts by damaging the bacterial cell wall, leading to bacterial death [21]. 
While there are studies indicating bene"cial reductions of oral bacterial 
in response to CHX treatment [22], there are reports that rinsing with 
CHX has little or no long-term impact on oral health [20,23].

Other antimicrobial rinses include carbamide peroxide, which at 
high enough concentrations elevates the mouth pH to levels that are 
harmful to bacteria [24]. However, it can also cause a reduction in 
hardness of some of the tooth enamel areas, and is best known as a 
teeth-whitening treatment rather than as an antimicrobial agent [25]. 
Other commercially-available antimicrobial oral rinses are based on 
essential oils like eucalyptol, menthol, and thymol. Like studies on the 
other oral rinses, the results of studies on the antibacterial e#ects of 
essential oil products have also been mixed [26-28]. 
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Introduction
!e human mouth provides an optimal environment for bacterial 

growth. In fact more than 700 bacterial species have been identi"ed 
in the oral cavity [1]. !e oral bacterial $ora plays an important role 
in normal periodontal health and overall human health [2]. When 
in symbiosis, the microbes are essential to human function, such as 
facilitating digestion of certain plant polysaccharides [3]. Alternatively, 
when the normal $ora of the mouth is not in equity, the microbes 
found in the mouth can play a key role in the etiology of oral and 
systemic diseases [4]. In fact, periodontitis is one of the most common 
bacterial infections in humans with an estimated 47% of all US adults 
a#ected at any given time [5]. Periodontitis results in the production of 
orally-produced pro-in$ammatory cytokines that enter the circulation 
and induce a systemic in$ammatory condition that can be measured 
by serum levels of C-reactive protein [6,7]. !e consequences of the 
long-standing oral in$ammation have been linked to cancer [8-11], 
rheumatoid arthritis [12], chronic kidney disease [13], vascular disease 
[14,15], dementia [16] and a host of other diseases [17,18].

It is well established that gram-negative bacteria are more commonly 
found in areas of the mouth with established periodontal disease, while 
healthy locations in the mouth contain predominantly gram-positive 
bacteria [19]. If not treated aggressively, the pathogens can destroy the 
supporting structures of the teeth, leading to a permanent loss of teeth. 
While the total bacterial load is important, the exact types of bacteria 
that invade the mouth are equally important when determining the 
disease process and prognosis [19]. In the 1990s, four major species of 
gram-negative bacteria were implicated in individuals with periodontal 
disease: P. gingivalis, A. actinomycetemcomitans, T. forsynthesis, 
and T. denticola [19]. !ese 4 bacteria are classi"ed as high-risk for 
periodontal disease and other systemic diseases. In addition to the 
high-risk bacteria, other gram-negative bacterial species are classi"ed 
as moderate- and low-risk.
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a%er the 30-second exposure, the cell numbers were measured using 
2 independent assays. !e 2 day post-treatment resting period was 
important to verify that counted cells were live. !e microplate assays 
and the image-based cell counting so%ware do not readily di#erentiate 
between live and dead cells. Culturing the cells for 2 days post-treatment 
ensured that only live cells were included in the cell count. Images were 
digitally captured from each well, and images analyzed with automated 
cell counting using a Celigo adherent cell cytometer (Cyntellect, Inc). 

To verify the image-based cell counts, a $uorophore-based 
(resazurin) assay - PrestoBlue (!ermo Fisher Scienti"c) was utilized 
following manufacturer’s guidelines. Fluorescence was read on a 
microplate reader (Enspire Multimode, PerkinElmer) 2-3 hours later. 
Results were averaged following background subtraction. Additional 
lethality curves were generated by sequential dilutions of the test 
products. Gingival "broblasts were exposed to increasing doses of each 
product starting with a dilution of 1:2000. Experiments that evaluated 
the e#ect of pretreatment with the test product on doxorubicin-induced 
"broblast cell death were completed by exposing gingival "broblasts to 
a 30 sec exposure of test products followed by 2 rinses and 96 hours 
incubation. Doxorubicin was added to wells at doses from 0.002 – 50 
µM for 24 hours. Viable cells were measured using the PrestoBlue assay 
described above. All experiments were completed in quadruplicate.

Pilot Clinical Trial
A single rinse pilot study was undertaken with 19 subjects to 

measure possible changes in oral bacteria from dental patients before 
and a%er a single rinse. !e subjects ranged in age from 28 – 67 with a 
mean age of 45.6 ± 2.8 years. Each subject consented to participation 
and had at least 20 erupted natural teeth, including at least 1 molar 
and 1 premolar in each quadrant. Subjects had no systemic or chronic 
disease, nor used removable partial dentures. None had been treated 
with antibiotics in the 3 months prior to the study. None of the 
participants were active smokers, and all reported brushing their teeth 
at least once/day. !ere were 5 subjects/group in the water and CHX 
treatment arms, and 9 subjects in the combination treatment group. 

Sputum samples were collected from each participant as baseline 
bacterial loads. !e samples were collected per the kit instructions, 
and tested with MYPERIPATH test (OralDNA Labs). Speci"cally, 
subjects were asked to rinse with saline solution provided by the kit 
manufacturer, then expectorate into a collection vial. Genomic DNA 
for 11 di#erent bacteria was quanti"ed using polymerase chain reaction 
(PCR) followed by $uorescent endpoint detection [34]. !e 11 bacteria 
were classi"ed according to their risk of periodontal disease as low-, 
moderate- or high-risk, summarized in Table 2.

Statistics
Paired t-tests were used for the human studies comparing bacterial 

levels before and a%er use. Fibroblast viability studies were analyzed 

 Unfortunately, many of the home-use antimicrobial rinses can 
cause unwanted death of the healthy oral cells at the commercially-
available concentrations [29]. !e cell death occurs due to damage to 
DNA and proteins [11], which can result not only in oral mucositis, 
but it also decreases the body’s natural defense against further bacterial 
invasion [30]. For this reason a joint endeavor by the International 
Society of Oral Oncology and Multinational Association of Supportive 
Care in Cancer issued a review of management of oral health and 
concluded that antimicrobials such as CHX should not be prescribed 
for cancer patients with mouth sores [31,32]. !e group also reviewed 
research on a second category of rinses aimed at protecting the gingival 
cells and promoting wound healing, and again concluded that there 
were no strong research results to support their use with radiation or 
chemotherapy-induced oral mucositis [32, 33]. 

New research is needed to identify products that have both a 
bactericidal e#ect, but are not toxic to the healthy oral cells [19]. In 
addition, there is a signi"cant lack of side-by-side comparisons of 
currently marketed products for oral health. !e purpose of this 
study was to examine the e#ect of several currently available rinses on 
gingival "broblast viability. !e tested agents included antimicrobial 
products (CHX, carbamide peroxide, and antimicrobial essential oils) 
compared to a wound healing product (Aloe Vera-based product), 
and a combination product with wound healing essential oils and 
carbamide peroxide. Subsequently, products from the antimicrobial 
and wound healing categories were tested for oral bacterial inhibition 
in human subjects.

Methods
Cell culture

Human gingival "broblasts (HGF-1, purchased from ATCC) 
were grown in Dulbecco’s Modi"ed Eagle Medium (DMEM) and 
supplemented with 10% fetal bovine serum and 1% penicillin/
streptomycin. Cells were incubated at 37°C in 5.0% CO2, with media 
changes approximately every 48 hours until they reached 80-90% 
con$uence. Cells from passages 3-5 were seeded into 96-well plates for 
testing.

In-vitro testing
Cells were exposed to the oral rinses from di#erent categories listed 

in Table 1. !e commercially-available products chosen for each of the 
tested categories were Listerine (essential oils), CVS Aseptic Cleanser 
(carbamide peroxide), Denti-Rinse 3 (chlorhexidine gluconate), 
Rincinol (aloe vera), Triology (combination essential oils and 
carbamide peroxide) (Table 1). Products were tested at full strength 
(or at dilutions of 1:2 or 1:10) for 30 seconds, rinsed 3 times with 
media, with a "nal return to DMEM media. Each trial was conducted 
in 4-6 well replicates. Control wells underwent a vigorous media 
change for 30 seconds, but were not exposed to any product. 48 hours 

Action Category Active ingredient(s) Product name

Antimicrobial
Essential Oils (EO) eucalyptol, menthol, methyl salicylate, thymol Listerine Original
Carbamide Peroxide (CP) carbamide peroxide CVS Aseptic Oral Cleanser
Chlorhexidine gluconate (CHX) chlorhexidine gluconate Denti-Rinse 3

Wound healing Aloe vera (AV)

sodium hyaluronate, polyvinylpyrroliodone, 
glycyrrhetinic acid, aloe vera extract, propylene glycol, 
maltodextrin, potassium sorbate, sodium benzoate, 
gydroxyethylcellulose, and other components

Rincinol

Antimicrobial and healing Combination (Combo)
xylitol anhydrous, glycerin, carbamide peroxide, prunus 
dulcis, triticum aestivum, aloe barbadensis, menthe 
SLSHULWD�RLO��URVPDULXV�RI¿FLQDOLV�RLO��[DQWKDP�JXP

Triology Rinse 

Table 1: List of oral rinses from different categories.
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with ANOVA. LC50 calculations used standard curve analysis using a 
4-point logistics function.

Results
Comparison of cleanser e!ects on gingival "broblasts

!e e#ect of oral cleansing agents on gingival "broblast health was 
investigated by exposing "broblasts to various commercially-available 
agents for 30 seconds. !e 30-second exposure was used to mimic the 
standard oral hygiene procedure of rinsing with each product. Figure 1 
shows representative images from the automated cell counts that were 
conducted prior to exposure to the test product and a%er. Few cells 
exposed to chlorhexidine gluconate survived the treatment, as can be 
seen in Figure 1. !ose few remaining cells had lost their elongated 
shape and were rounded (see black arrow). Exposure to carbamide 
peroxide le% cellular debri in the plates. Essential oils caused a 
reduction in cell number, but there were still some viable cells le% a%er 
the 30 minute exposure to the essential oil, and they maintained their 
natural elongated shape (see white arrow). !e combination product 
of essential oils and carbamide peroxide resulted in large numbers of 
viable cells. !e aleo vera treatment le% some viable cells behind in both 
the rounded shape (black arrow) or elongated (white arrow).

!e results are summarized in Figure 2. Media change alone caused 
a 4% decline in viable cell number. In contrast, the antimicrobial agents 
caused a dramatic decline in live cell numbers. CHX exposure resulted 
in a 94% reduction in cell number. Carbamide peroxide (CP) resulted 
in a 95% decline in cell number. !e essential oil (EO) product caused 
a 93% decrease in live cells and removal of alcohol from that product 
did not alter the results. Surprisingly, the wound-healing product based 
on aloe vera (AV) also caused signi"cant cell death. Of the products 
tested, only the combination EO + CP product (Combo) maintained 
signi"cant cell numbers with only an 18% decline in viable cells. 
Reduction in the concentration of each test product by diluting in 
media at a 1:10 ratio did not alter the results (results not shown).

!e results from automated cell count from digital images were 
veri"ed using a microplate reader assay with a live-cell $uorophore. 
Again, viable cells were only maintained a%er exposure to the control 
media and the combination rinse. !e results are summarized in Table 
3. !e % decline in the combination treatment was greater in the 
$uorescence assay. !is may have been because the $uorophore used 
only detected live cells, while the digital imaging procedure counts all 
cells still attached in the wells. Still the trend was the same for both 
independent cell viability assays.

Fibroblast dose/response
A 30 second exposure to most of the test products at full strength 

or a 1:10 dilution resulted in complete cell death. In order to conduct 
viability assays, sequential dilutions were made totest cell viability 
using the live cell $uorophore assay. Gingival "broblasts were exposed 
to increasing doses of each product starting with a dilution of 1:2000. 
Table 4 summarizes the e#ect of the 3 least toxic products to "broblast 
viability. !e LD50 for the combination product was statistically 
greater than the essential oils, indicating that it was less toxic. In fact 
the combination product was signi"cantly less toxic to "broblasts 
compared to all other products at both 25% and 50% dilutions (P < 
0.002). 

&ODVVL¿FDWLRQ Bacteria Abbreviation

High-Risk

Aggregatibacter actinomycetemcomitans Aa
Porphyromonas gingivalis Pg
Tannerella forsythia Tf
Treponema denticola Td

Moderate-Risk

Eubacterium nodatum En
Fusobacterium nucleatum/periodonticum Fn
Prevotella intermedia Pi
Campylobacter rectus Cr

Peptosterptococcus micros Pm

Eikenella corrodens Ec

Low-Risk Capnocytophaga species Cs

Table 2:�&ODVVL¿FDWLRQ�RI�EDFWHULD�EDVHG�RQ�WKH�ULVN�RI�SHULRGRQWDO�GLVHDVH�

Figure 1:��(IIHFW�RI�ULQVH�DJHQWV�RQ�WKH�YLDELOLW\�RI�RUDO�¿EUREODVWV�&HOOV�ZHUH�
plated into 96 well plates and images captured prior to treatment (upper 
panels).  After treatment, images were captured for the same wells, and 
automated cell counts conducted.  The images illustrate the typical results 
when cells were exposed to the rinse containing chlorhexidine gluconate, 
carbamide peroxide, essential oil product, and a combination product. Black 
arrows indicate examples of rounded cell structure. White arrows indicated 
elongated cells. Scale bar = 100 µm.

Figure 2: Summary of all cell viability tests rinse products.The cell number/
YLVXDO� ¿HOG� ZDV� FRXQWHG� XVLQJ� DQ� DXWRPDWHG� GLJLWDO� SURFHVV�� � 7KH� SUH�
treatment values are shown in black with post-treatment in gray.  A media 
FKDQJH�FDXVH�QR�VLJQL¿FDQW�GHFOLQH�LQ�FHOO�QXPEHU��EXW�WUHDWPHQW�ZLWK�&+;��
carbamide peroxide (CP), essential oil-based rinse (EO) with and without 
DOFRKRO�� DQG�DQ�DORH�YHUD�EDVHG�SURGXFW� �$9��DOO� FDXVHG�D�VLJQL¿FDQW�GURS�
in cell numbers.  Only the combination treatment did not statistically reduce 
the cell number.  *indicates p < 0.05. CHX: chlorhexidine gluconate, CP: 
carbamide peroxide, EO: essential oils, and essential oils alcohol-free, comb: 
combination product, AV: aloe vera.
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!e previous study was conducted on healthy gingival "broblasts. 
O%en such products are prescribed for patients who have existing 
challenges to oral health through disease states or administration of 
certain drugs. To mimic that situation, "broblasts were exposed to 
doxorubicin, a common chemotherapy known to cause mucositis [29]. 
Gingival "broblasts were exposed to the 3 least toxic test products (EO, 
Combo, and AV) for 1 min at a 1:2 dilution. !ey were subsequently 
exposed to a single sequential dose of doxorubicin (6 log dose range) for 
24 hours. !e results are shown in Figure 3. Even at the lowest dose of 
doxorubicin, EO and AV caused further cell death beyond doxorubicin 
alone. At the lowest doxorubicin doses, the Combo treatment did 
increase cell death, but not to the level of the other 2 products.

In-vivo bactericidal e!ects 
A single rinse pilot study was undertaken with 19 subjects 

to determine whether a single rinse with the combo product, the 
CHX-based product or a control water rinse reduced bacterial load 
statistically. Figure 4A shows the results of the water rinse. No bacterial 
category had a signi"cant change in bacterial load a%er a water rinse. 
With CHX, there was a trend towards reduction in some of the 
bacteria subtypes including Tannerella forsythia (Tf,) Fusobacterium 
nucleatum/periodonticum (Fn), and Prevotella intermedia (Pi), but 
only Peptostreptococcus micros (Pm) was statistically reduced (Figure 
4B). Comb treatment resulted in the greatest bacterial load reduction, 
which occurred in the high-, moderate- and low-risk categories 
of bacteria (Figure 4C). Aactinomycetem comitans, T. forsythia, F. 
nucleatum, P. intermedia, C. rectus, P. micros, and C. species all showed 
statistically signi"cant reductions in bacteria. 

Discussion
!e human mouth is an active biome with bene"cial bacteria, as 

well as bacteria that cause dental decay and eventually systemic disease 
[19]. Unlike some other parts of the body, the oral microbiome is 
extremely dynamic, because new microbes are being introduced daily, 
based on what the person puts in their mouth [35]. Many over-the-
counter and prescription rinses have been developed, allowing the 
patient to treat oral infections at home. However, research supporting 
the antimicrobial e#ects of some of these products have been mixed, 
and there are concerns that these same products are harmful to oral 
cells. !e purpose of this study was to compare the e#ects of marketed 
oral antimicrobial and wound healing rinses for their bactericidal e#ect 
and possible lethality to "broblasts. 

!e bacteria tested in this study have been shown to be some of 
the most common microorganisms associated with periodontal disease 

[36]. Unlike many previous studies, a water rinse control group was 
included in this research report. Oral bacterial levels trended lower 
with a single water rinse, but there were no statistically signi"cant 
di#erences in the individual bacterial numbers before or a%er a water 
rinse. Rinsing with CHX also had little e#ect on the levels of individual 
types of bacteria. Only P. micros, a moderate-risk bacterium, was 
signi"cantly reduced following a single rinse of CHX. In fact that 
average percent change in each of the bacterium tested was a 3 percent 
reduction using CHX and a 2 percent increase with water. Neither 
was statistically di#erent from the pre-treatment values. !e lack 
of dramatic bacterial reduction with a CHX rinse is consistent with 
previous studies [20,23]. In fact, the strongest data supporting CHX 
as an antimicrobial agent are the in-vitro studies, while human clinical 
trials have failed to consistently demonstrate a positive e#ect [37]. In 
general, clinical trials have found no advantage of CHX treatment over 
conventional staged debridement [38]. For example, in a well-designed 
randomized, double-blind, placebo-controlled clinical trial, CHX 
treatment failed to reduce the microbiologic or clinical outcomes of 
reducing oral bacterial pathogens in mechanically-ventilated patients 
[39]. 

In contrast, 6 di#erent bacteria were statistically reduced following 
a single rinse with the Combo product. !ose included bacteria in the 
high-risk (A. actinomycetemcomitans and T. forsythia), moderate-
risk, (F. nucleatum, P. intermedia, and P. micros) and low-risk 
categories (C species). A. actinomycetemcomitans was reduced by 39% 
a%er Combo treatment. A actinomycetemcomitans is an aggressive 
exogenous bacterium that invades periodontal tissues where it can 
destroy connective tissue and block the normal repair processes [40]. 
It is located in 90% of aggressive periodontitis, and 30-50% of severe 
periodontitis in adults [40]. T. forsythia, another high-risk bacteria 
found in the pockets of patients with periodontitis [41]. T forsythia 
was reduced by 32% by the Combo treatment, but not by CHX. In 
the moderate-risk category F. nucleatum and P. intermedia were 
both reduced by the Combo treatment by 40 and 38%, respectively. 
Both are associated with periodontal diseases [41]. !ey initially 
bind to organisms enhancing the adherence of other microbes to the 
oral cavity [42,43]. !erefore, they hold a central role in the onset 

Treatment &HOO�1XPEHU��UHODWLYH�ÀXRUHVFHQFH�
value) % decline

Media change 9624.91 ± 263.97 -
Essential oils 1.91 ± 5.7 100

Essential oils (alcohol free) 0.412 ± 7.26 100
Carbamide peroxide 3.38 ± 2.53 100

Chlorhexidine gluconate 6.25 ± 2.31 100
Combination 2750.41 ± 382.01 71

Aloe Vera 3.59 ± 17.41 100

Table 3: Viable cells exposure to the control media and the combination rinse.

Treatment IC50 (% full strength) Hill Slope
Essential oils 25.59  ± 2.54 -5.07  ± 4.7
Combination 38.31 ±  7.85 -2.67 ± 1.06

Aloe Vera 26.62  ± 5.69 -2.54  ± 1.16

Table 4:�(IIHFW�RI�WKH���OHDVW�WR[LF�SURGXFWV�WR�¿EUREODVW�YLDELOLW\�

Figure 3: Pre-treatment with rinse agents did not protect against 
FKHPRWKHUDSHXWLF�GUXJ�+XPDQ�¿EUREODVWV�ZHUH�SUH�WUHDWHG�ZLWK�WKH�HVVHQWLDO�
oil-based product (EO, open circles), a combination product (combo, closed 
triangles) and an aloe vera-based rinse (AV, open triangles).  All of the 
pretreatments caused more cell death than the doxorubicin alone (closed 
circles).
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A

B

C

Figure 4:  Bacterial DNA analyzed from sputum samples before and after 
treatment.A)  Subjects provided a sputum sample for DNA analysis (pre water, 
black bars).  They then rinsed with water and provided a second sample 
(post water, gray bars).  There was no statistical difference within types of 
bacteria (n = 5).  B) When the water rinse was replaced by CHX, there was 
D�VWDWLVWLFDOO\�VLJQL¿FDQW�GHFUHDVH�LQ�WKH�3P�EDFWHULXP���LQGLFDWHG�S��������
(n = 5).  C)  The same test was conducted using the combination rinse and 
statistically lower bacterial levels were measured in several of the bacterium.  
&U�VKRZHG�D�VWDWLVWLFDOO\�VLJQL¿FDQW� LQFUHDVH� LQ�EDFWHULD�� �3�������� �Q� �����
Aa: Aggregatibacter actinomycetemcomitans, Pg: Porphyromonas gingivalis , 
Tf: Tannerella forsythia, Td: Treponema denticola, En: Eubacterium nodatum, 
Fn: Fusobacterium nucleatum/periodonticum, Pi: Prevotella intermedia, 
Cr: Campylobacter rectus, Pm: Peptostreptococcus micros, EC: Eikenella 
corrodens , Cs: Capnocytophaga species.

and subsequent development of polymicrobial periodontal diseases. 
Both types of bacteria can invade the oral cells, which can protect 
the bacteria from the host immune system [44]. P. micros bacterium, 
another moderate-risk category bacterium, was reduced by both CHX 
and Combo treatment. In general, it is considered more prevalent in 
gut micro$ora and involved in lower GI infections rather than oral 
disease. C. rectus is another moderate-level bacterium, but its levels 
actually increased in response to the Combo and CHX treatments. C. 
rectus is a poorly described gram-negative oral bacterium implicated 
with periodontitis, although attempts to associate C. rectus with the 
exact sites of periodontitis regions of the mouth have been con$icting 
[45,46].

In the low risk category Capnocytophaga gingivalis was reduced 
by 12%. While this bacterium is considered a lower risk for oral 
periodontal diseases, it has been strongly associated with oral squamous 
cell carcinoma [47], and therefore should not be considered harmless.

All products tested had negative e#ects on cell viability with the 
combination product containing CP and EO being the least toxic. 
!ese results were somewhat surprising, given that the exposure 
time was limited to only 30 seconds. !e results highlight the acute 
negative impact that pure antimicrobial agents can have on healthy 
gingival cells. Most surprising was the toxic e#ect of the aloe vera-
based product, marketed as a healing and pain-reducing agent. !e 
aloe vera-based agent was as toxic to gingival "broblasts as the pure 
antimicrobial agents such as Listerine and CHX. 

Finding the balance between bactericidal e#ects, without cellular 
toxicity is important for long-term home-based oral treatment. Many 
products will reduce oral bacteria loads [48], but may also cause 
additional health problems, especially in patients with comorbidities 
[49]. !e combination product appeared optimal of the tested product. 
!e exact ingredients in the products tested need to be further 
examined to identify the exact antimicrobial components versus those 
components inducing cellular toxicity. 
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