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Abstract

Received:

Streptococcus alivarius, a flora present in the human oral cavity, plays an important
role in wound healing. This study aimed to optimize double emulsion droplets (DEDs)
to encapsulate Streptococcus Salivarius with increased viscosity and adhesiveness as an
oral topical medication. Streptococcus Salivarius grew nearly as well in saliva (68%) as in
broth and grew significantly better than the control (p < 0.05) over 72 hour. The diameter
of DED according to 10 weight% PVA and 15 weight % n-hexadecane span 80 was the
largest. The percentage of the ointment absorbed into the oral epithelium was 88.44%
of DEDs for optimal 80% formulation compared to 64.63% the control containing 0%
DEDs. Double emulsion droplets that encapsulated S. Salivarius increased the efficacy of
the topical medication in the oral cavity and improved wound healing in the oral cavity.
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Introduction
Good oral health is critical for general health and well-being.
Several innovative drug delivery systems have been developed
for local treatment of various oral diseases [1]. However, these
delivery systems exhibit limited efficacy and retention at the target
site [2]. Bio-adhesive formulations may be a potential mechanism
to improve drug delivery to the oral cavity. Probiotics enhance
mucosal barrier function and promote intestinal epithelial survival
and growth [3-5]. Probiotic bacteria in the skin and in the oral
cavity have received increasing attention [6,7]. Recent studies
have evaluated the antimicrobial activity of Lactobacillus, and the
ability of Lactobacillus to promote host-microbe homeostasis [810]. Streptococcus Salivarius is one of the first colonizers of the
human oral cavity. It plays an important role in wound healing and
anti-inflammatory processes in human intestinal epithelial cells
[11]. Several strains of S. Salivarius have been shown to stimulate
re-epithelialization in the gingiva. Further analysis showed that
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S. Salivarius significantly promoted re-epithelialization through a
secreted proteinaceous compound. S. Salivarius also was attempted
to use as probiotics to prevent fungal infection.

Water-in-oil-in-water double emulsions are dynamic systems
with potential applications in many fields. These emulsions are
characterized by water droplets dispersed within oil droplets,
which are then dispersed within a secondary water phase. These
emulsions have high encapsulation potential, and represent a
simple, low-cost method to increase viscosity. Double emulsions
also can effectively mask undesirable tastes. Previous studies
have demonstrated encapsulation of iron or milk fat within
double emulsions [7-11]. Encapsulation of S. Salivarius using
double emulsions may be a potential oral therapeutic strategy.
These double emulsions may allow for the targeting of specific
wounds using hydrophilic properties and may improve the taste
and texture of current medications [12]. Furthermore, double
emulsions may improve drug absorption and adhesion. This study
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aimed to optimize double emulsion droplets (DED) to encapsulate
S. Salivarius. We confirmed that the optimized DED had increased
viscosity and adhesiveness in the oral cavity.

Materials and Methods

To determine the optimal base for cultivation of S. Salivarius,
10 ml of sterile tryptic soy agar with 5% sheep blood agar (Becton
Dickinson GmbH, Heidelberg, Germany), 10 ml of saliva, and 10 ml
of distilled water were added to separate petri dishes [13]. One vial
of S. Salivarius (Carolina Biological Supply Company, Burlington,
USA) was added to each petri dish, then incubated for 4 h at 37°C.
One colony from each of the petri dishes was placed in a new petri
dish. Ten milligrams of acid dye PI (Biotium, Inc., Fremont, USA)
was added in each petri dish. To determine the best conditions for
DED stability, 1 vial of S. Salivarius was added to distilled water with
differing amounts of PVA and n-hexadecane [14]. The percentage of
each solute in water was reported as wt%.
To produce the DED, a cylindrical capillary with an inner
diameter of 0.58 mm and a square capillary with an inner diameter

of 1.05 mm were used. A gastight syringe was put at the opening
of the cylindrical capillary to narrow the opening. The condition
was at room temperature (25°C) to form the water droplets. Each
vial of S. salivarius was used to produce approximately 100 DEDs.
To determine the optimal amount of DED required to absorb the
ointment, the inner mucosa (5 mm*5mm) from pig oral cavity
was extracted and prepared. A sterile swab was used to apply 2g

Results
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of triamcinolone ointment (Dongkook Pharmaceutical, Seoul,
Korea). The amount of DED mixed in the ointment ranged from 0%
to 95% (0%, 25%, 50%, 75%, 80%, 95%) of the total amount of
ointment with DED. Ten milliliters of water were flushed into each
pig oral cavity with the ointment using a plank angled at 15°C to
ensure similar rates of water flow. The water that flushed off of
the ointment was collected in a beaker. The liquid collected in the
beaker was weighed. The absorbance of the solution collected in
the beaker was measured at 620 nm (S. Salivarius) [15] and 100
nm (biological tissue) using a spectrophotometer. The percentage
of the ointment absorbed into the oral epithelium was calculated
as the length of the epithelium absorbed over the length original
multiplied by 100. Since the cross-section of the epithelium is very
small, the length of the epithelium tissue from the jaw was pulled
out and measured instead of measuring the total area absorbed.

The case of 80% DED from above was used as the amount of
DED to include in the ointment (25 cm2) to be applied to the pig
jaw. Water was added to cover the ointment. The length of the
ointment penetrated into the tissue was extracted from the tissue
and measured after 1h. Comparisons of between tryptic soy broth,
saliva, and the control group were performed using chi-squared
test for categorical data. All statistical analyses were performed
using SPSS software version 25.0 (Armonk, NY: IBM Corp) and P
values of < 0.05 were considered statistically significant. This study
was approved by the review board of Synopsys Santa Clara Valley
Science and Engineering Fair Association.

Figure 1: Diameter of double emulsion droplets according to the weight percent of PVA and N-hexadecane.
Tryptic soy broth (79%) resulted in the best growth. However,
growth in saliva (68%) was very similar to that in broth (p = 0.078)
and was significantly better than that in the control group (42%)
(p < 0.05) after 72h. (Figure 1) shows the diameters of DEDs based
on composition of PVA and n-hexadecane span 80. The formulation
consisting of 10 wt% PVA and 15 wt% n-hexadecane span 80
resulted in the most stable DED. The size of the DED with 0 wt%
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PVA and 0 wt% n-hexadecane was 0.12 ± 0.04 (mm) and the size
of the DED with 10 wt% PVA and 15 wt% n-hexadecane was 0.31 ±
0.06 (mm). The mass (g) collected in the beaker was between 1112 g across the different percentages of DEDs in the ointments. The
mass collected was lowest at 80%, suggesting that most of the DEDs
adhered to the pig jaw skin under this condition Figure 2 shows the
masses that failed to adhere to the pig jaw under each condition
14194
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Figure 3 shows the spectrophotometric results used to confirm the
composition of the tissues. The results showed that 16-27% was
biologic tissue and 3-12% was S. Salivarius. The 80% ointment
formulation had the lowest percentage of S. Salivarius (3.1%). The
length of the ointment absorbed into the oral epithelium showed
0.26 ±0.09 mm of 80% DED compared to 0.19 ±0.07 mm of control.
The percentage of ointment absorbed into the oral epithelium
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was 88.44% for the 80% formulation compared to 64.63% for the
control formulation that contained 0% DEDs. The percentage of
DEDs plotted against the effective time (hours) it lasts is shown
in Figure 4. Almost 54% of DEDs were stable for more than 24
hour. Addition of 0.4% salt to the saliva and 10 wt% PVA to the oil
increased the percentage of DEDs that lasted for more than 24 hour
from 9% to 54%.

Figure 2: Mass of Substance that failed to adhere to the jaw.

Figure 3: Absorbance for each case at 620 nm and 100 nm.

Figure 4: Distribution of double emulsion droplets in percentage depending on the time it lasts.
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Discussion
Topical medication for use in the oral cavity can be difficult
to apply and may not adhere to the wound site due to increased
saliva and mucosal irritability [16]. This was the first study to
use the double emulsion technique for encapsulating S. Salivarius
has been shown to speed the healing process, and DEDs can
act as carriers for S. Salivarius, and improve the viscosity of the
ointment. Determination of optimal conditions for producing
double emulsion droplets that encapsulate S. Salivarius resulted
in a promising drug delivery system for use in the oral mucosa. S.
Salivarius is the predominant colonizer of oral mucosal surfaces in
humans and does not initiate infections in healthy individuals [5].
In adult saliva samples, levels of S. Salivarius ranged from 106 to
107 colony forming units (CFU)/ml [17].

We confirmed that human saliva can be a good cultivation base
for S. Salivarius by comparing the results with the recommended
broth and a control. S. Salivarius probiotics are used to control
diverse bacterial infections. S. Salivarius K12 can be detected at the
mucosal membranes for as long as 3 weeks, but the numbers steadily
decrease after day 8 [18]. Wound healing and re-epithelization are
a set of complex processes that are initiated upon tissue injury [19].
However, there are many barriers to wound healing in the oral cavity
[20]. As such, mechanisms to protect medications in the oral cavity
are critical. Development of DEDs that encapsulate S. Salivarius may
be an option to improve drug delivery to the oral cavity. This study
identified the optimal temperature and solvent volumes to produce
the largest DEDs. Use of 10 wt% PVA and 15 wt% n-hexadecane
span 80 resulted in the most stable DEDs. These results agreed with
another study that showed 10% PVA/hexadecane containing 2%
Span 80/10% PVA - ultrathin DED was the most effective.
Drug efficacy is influenced by the serum concentrations of drug
[21]. However, sampling is invasive. This study evaluated the efficacy
of a topical drug using viscosity as an indicator and determined
what percent of DEDs should be included in the ointment for
maximum adherence and absorption.Determination of stability is
important for commercialization [22]. DEDs used to encapsulate
S. Salivarius were stable for 72 h. However, making water-in-oilin-water emulsion droplets containing S. Salivarius by melting the
ointment to mix in the oil base, 50% of DED with topical medication
was stable during 24 hour, it is necessary to make staying longer
in further study. A limitation of this study was only a study using
an animal model. In addition, the exact amount of S. Salivarius
included in the DEDs was not calculated exactly. DEDs are applied
on the skin as an ointment, not in a completely mixed state with
DED. To improve the effective time of DEDs in the oral cavity, more
work will need to be performed. In addition, due to experimental
constraints, we only indirectly tested the effectiveness of this novel
formulation for wound healing, adhesion, and absorbance. Only
620 nm and 100 nm was used as a cut off, further study is needed.
To design a more efficient topical medication, this study proposed a
simpler and more stable formulation generated by combining DEDs
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and S. Salivarius. This formulation is unique because it is the first to
use DEDs for topical application. Human clinical trials are needed
to further evaluate the safety and efficacy of these formulations.

Conclusion

DEDs with encapsulated S. Salivarius increased the efficacy of
a topical medication in the oral cavity. This may be a promising
formulation to more effectively promote wound healing in the oral
cavity.
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