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Abstract

Expanding in the oral care business, being passionately driven by innovative
and scientific products, functional toothpaste has recently become more pop-
ular for functionality, variety, and efficacy. Many new types of toothpaste are
commercially manufactured with diverse fragrances, colors, probiotics, and
pharmaceutical ingredients to enhance the functionalities of toothpaste. Our
study attempted to create a toothpaste formulation that might facilitate the
intraoral delivery of vitamin D3 into the bloodstream. Simply brushing our
teeth with toothpaste should be easy to take the essential vitamin regularly. In
this study, an emulsion-based toothpaste mixed with an azone compound
and sodium dodecyl sulfate as penetration enhancers blended thoroughly
with other ingredients and then with vitamin D. Multiple toothpaste charac-
teristic tests were performed, such as abrasiveness, scratchiness, spreadability,
pH, foaming, cleaning, and antibacterial strength with our vitamin D tooth-
paste, and compared with those of other commercial brand toothpaste. To
confirm the intraoral delivery of vitamin D through the oral cavity, an earth-
worm transport study and TEER value test were conducted using L. terrestris
skin. Our data demonstrated the high feasibility of intraoral delivery of vita-
min D based on those two skin studies with various experimental support;
our vitamin D toothpaste had comparable characteristics with other com-
mercial toothpaste for cleaning functionality.

Keywords

Azone Compound, Drug Delivery System, Intraoral Delivery, Penetration
Enhancer, Toothpaste, Vitamin D

1. Introduction

Vitamin D is a fat-soluble vitamin. The vitamin D from foods and nutritional

supplements accumulated in fat tissue for later use [1] [2]. When the vitamin D
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circulating in your bloodstream is deficient, it’s impossible to absorb all the cal-
cium required in the body. Vitamin D also involves cell growth and immune
function, preventing inflammation in check and your nervous system function-
ing correctly [3] [4].

Strong sunlight initiates vitamin D production in the skin. And the liver and
kidneys facilitate the conversion from vitamin D to its most active form,
1,25-dihydroxy vitamin D [5]. In ideal conditions, all the vitamin D needed for
the year can be formed within a few minutes of direct exposure to the sunlight a
few times a week during the summer months. But, most populations don’t gen-
erate the required vitamin D, either because their skin cannot absorb it or be-
cause they don’t spend enough time outside [6]. Vitamin D is also absorbable
from food and dietary supplements, but many need help to get what they need
here. According to the USDA’s 2022 dietary guidelines for Americans, most
children and adults do not succeed in producing the required amount of vitamin
D [7].

Adequate vitamin D is essential to make strong bones. Even slight insuffi-
ciency in vitamin D may impact bone strength, as it will squeeze the body to ob-
tain calcium from bones to maintain the body’s balance [8] [9]. Consequently,
several bone health problems, such as rickets, affect infants and children and
might worsen the conditions due to improper bone development. Adults may
develop osteomalacia, which causes bone and muscle pain, or osteoporosis,
which is the process of thinning the bones and losing bone density, increasing
the risk of fracture [10] [11].

Intraoral delivery has been studied with some historical background [12] [13].
In 1790, the concept of aerosol appeared in France. The oral spray was efficient
for many reasons: the quick release of medicaments in a minimal size, which
might be absorbed easily by the buccal mucosa, and a direct and rapid dispersion
of a practical solution [14]. It is known that for oral delivery through the ga-
strointestinal (GI) tract, the drug faces many destructive barriers before being
absorbed through the epithelial tissue. There is a significant change in GI pH
from pH 1 - 2 in the stomach to 7 - 7.4 in the intestinal tract, unpredictable GI
transit, numerous digestive enzymes, and intestinal flora [15].

Compared to this harsh condition, drug absorption via the oral cavity offers
relatively consistent and friendly physiological conditions. Most studies of buc-
cal absorption indicate that the predominant mechanism is passive diffusion
across lipid membranes via the paracellular or transcellular pathways [16].

In sublingual administration, the drug is deposited on the tongue, reaching
directly into the bloodstream through the tongue’s ventral surface and the
mouth’s floor [17]. The drug solutes are rapidly absorbed into the reticulated
vein, which lies underneath oral mucosa; then transported through the facial
veins, internal jugular vein, and brachiocephalic vein and poured into the sys-
temic circulation. Compared to orally absorbed tables, those absorbed through
the sublingual route react faster. Furthermore, the portion absorbed through the

sublingual blood vessels is greater than that absorbed through the hepatic
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first-pass metabolic process, in other words, oral absorption. [18] [19]. The pri-
mary mechanism for absorption of the drug into oral mucosa is via passive dif-
fusion into the lipoidal membrane. The absorption of the drug through the sub-
lingual route is three to ten times greater than the oral route and is only sur-
passed by hypodermic injection. The small volume of saliva is usually sufficient
for these formulations to result in tablet disintegration in the oral cavity [20].

Several countries across the globe have reported a high prevalence of Vitamin
D deficiency to the tune of almost 90%. Many countries have started vitamin D
fortification foods or recommend using vitamin D supplements [21]. However,
several studies have reported differences in the bioavailability of vitamin D sup-
plements in some populations. Decreased bioavailability may be due to altered
absorption of vitamin D from the small intestine, or it may be due to altered
metabolism of vitamin D in the body. Intestinal malabsorption disorders may
cause a decrease in vitamin D absorption due to a decreased ability to absorb li-
pids [22].

While sublingual absorption takes vitamin D directly into the systemic circu-
lation, like vitamin D from the skin, orally ingested vitamin D, in contrast, is
absorbed into the portal circulation from the intestines, which takes it to the liv-
er first before entering into the systemic circulation. Vitamin D absorption from
the GI tract is incomplete, and there is local intestinal degradation and hepatic
metabolism. The population with digestion problems for taking medications and
people with stomach bypass surgery, including those with Lap-band procedures,
may have difficulty in the intestinal absorption of vitamin D [23]. The medical
association has started with wake-up calls to eliminate vitamin D deficiency
which is surprisingly much more common than anticipated.

Typically, the parental route has given way to oral administration for a long
time. But the sublingual route is reasonably a replaceable pathway to eliminate
vitamin D deficiency. However, more evidence might be verified from future
studies to see whether it is the ideal way to administer vitamin D compared to
the conventional ones and justify the notion [24].

The sublingual route for the absorption of vitamin D supplements should be
superior to oral ingestion because sublingual absorption takes vitamin D directly
into the systemic circulation, just like when vitamin D is naturally synthesized in
the skin from exposure to sunlight [25].

In contrast, vitamin D from oral ingestion is absorbed into the portal circula-
tion from the intestines, which takes it to the liver first before entering into the
systemic circulation. The hepatic breakdown of vitamin D is another barrier to
overcome to reach the bloodstream by the vitamin D molecules. The extreme
journey of the vitamin D from the mouth to the GI tracts and the hepatic circu-
lation is called the “first pass,” which might be removed by delivering the vita-
min D into the intraoral cavity [26].

It is not easy to create a routine, especially if it is required to do something
daily. Many have difficulty in remembering what they must do and remember-

ing to take their prescription medications. In this study, in addition to the most
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popular ingredients, our toothpaste was added with vitamin D and penetration
enhancers such as the azone compound and sodium dodecyl sulfate. And batte-
ries of appropriate tests were carried out to verify the quality of toothpaste and
the feasibility of vitamin D delivery. The study might contribute to developing
functional toothpaste that can deliver therapeutic agents.

2. Experimental Methods

2.1. Materials and Reagents

Olive oil, specifically Filippo Berio’s extra virgin olive oil, was harvested in Italy
and acquired from local supermarkets (Hannam, NJ). The Emulsifying Wax NF
(lotions/cream thickening agent) was purchased at Plant Guru. Reverse Osmosis
water was purchased from Bergenfield Water Depot or Divine Purified Water
Company. Other key ingredients such as Maltitol were bought from Nuts.com,
Sodium Bicarbonate from ScienceLab.com Inc (Houston, TX), Vitamin D3
(cholecalciferol-D3) from Bulksupplements.com (Henderson, NV), Sodium
Dodecyl Sulfate from Carolina Biological Supply Company (Burlington, NC),
Polysorbate 80 from the Angels Candle & Soap Supply, hydrogen peroxide from
CVS Pharmacy Inc, TheraBreath Oral Care Probiotics Citrus from iHerb.com,
and Red Food Color (Net 1 Fl1 Oz 29 mL) from McCormick & Co., Inc (Hunt
Valley, MD).

Third commercial toothpaste brands were bought to compare toothpaste
qualities with our formulation. The first toothpaste purchased was the Colgate
Toothpaste Total SF for anticavity, antigingivitis, and anti-sensitivity toothpaste
with its active ingredient as stannous fluoride 0.454%. The second toothpaste
was Crest Toothpaste, manufactured for tartar protection (Regular paste) with
fluoride anticavity ability, purchased from the local marts (Walgreens, Fort Lee,
NJ). The third brand was Meich PUSH toothpaste (Hannil Pharmaceutical, Ko-

rea).

2.2. Emulsion Creation for Formulation Base

Two 200 mL beakers were collected and labeled as aqueous and oil phases. The
distilled water of 60 mL was filled into the water-phase beaker while Extra virgin
olive oil of 10 mL, 15 mL polysorbate 80, and 22.5 g emulsifying wax were
brought into the oil-phase beaker. Then, both beakers were placed into a water
bath with a jacket and heated to 65°C. After observing a complete thawing of
contents in the oil-phase beaker, the contents of the water-phase beaker were

poured into a round-bottom crystal container.

2.3. Formulating Our Intraoral Vitamin D Toothpaste (VDTP)

The content in the crystal container was then subjected to an electric stirrer of
500 - 1000 RPM, gradually increasing for approximately 60 minutes. While the
mixture was stirred, other powdered and granular ingredients were weighed out

into a round-bottom glass container in which they were poured and crushed in-
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to powder using a plastic deeper. Those ingredients include 2.5 g sodium do-
decyl sulfate, 20 g sodium bicarbonate, 3 g Silica, 2.5 g Xanthan gum, and 4 g
Vitamin D3. After 60 minutes, the beaker was taken off the stirrer and combined
with the contents of the round-bottom glass. After that, 10 mL of glycerin and 10
mL of hydrogen peroxide were added. Then, the well-mixed formulation was di-
vided into two portions, where one portion was added with 1.5 mL of azone.
Table 1 lists the ingredients of our VDTP added after the emulation formula-

tion.

2.4. Our Toothpaste Characteristic Evaluation

2.4.1. Preparation of Testing Stock Solutions

In 80 mL of distilled water, the toothpaste of 2.0 g was placed into a 250 mL
beaker. The beaker with the paste sample in water was thoroughly dissolved on a
magnetic stirrer. Other stock solutions for comparison groups were prepared
with identical methods. Afterward, the beakers were added with magnetic bars
and placed on a magnetic stirrer for 30 minutes to ensure uniform suspension.
The solutions were used for pH measurement and foaming ability tests. The

stock solutions were stored in the cold refrigerator (4°C) until used.

2.4.2. Evaluation of Abrasive Capability

Each sample of approximately 2.0 cm toothpaste was squeezed onto waxed pa-
per. Each sample was pressed with an index finger along its length to examine
the presence of brittle and sharp-edged formations with abrasive particles. The
degree of edged contour was closely evaluated and scored on a scale from 0 to 5;

0 for most soft while 5 for most rough.

2.4.3. Petri Dish Scratchy Test

The scratch test was performed as follows; approximately 1.5 g of each toothpaste

Table 1. Scratch Test

Functions % Ingredients Actual Wt.
Humectants 4.88 Glycerin 8.0 mL
Medium 36.59 Water 60.0 mL
Buffers/Salts 3.05 Salts 50g
Malititol 4.27 Binder 70¢g
Tartar Control 1.83 Silica, Fumed 30g
Abrasives 15.24 Sodium Bicarbonate 25.0¢g
Antibacterial 4.88 Hydrogen Peroxide 8
Surfactants 2.74 Sodium Dodecyl Sulfate 45¢g
Delivery Agent 0.92 Azone 1.5 mL
Vitamin D3 1.22 Vitamin D3 20g
Emulsion Medium 24.39 Emulsifying Wax 400¢g
TOTAL 100 162 g
DOI: 10.4236/abb.2023.141001 5 Advances in Bioscience and Biotechnology
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was pushed or placed out from the container onto a clean, separate petri dish,
and two drops of distilled water were added to each dish. Using a sterilized cot-
ton swab, the toothpaste sample on the petri dish was rubbed back and forth, 2.0
cm, twenty-five times. The toothpaste was then thoroughly removed from the
petri dish and carefully dried with a paper towel. The surface of the petri dish
was then examined under a digital microscope, illuminated from above, to score
the degree of scratches on the surface of the slide. The degree of scratches was
then rated on a scale from 0 when no scratches existed, to 5, when significant

scratches. The test was repeated five times for the individual toothpaste sample.

2.4.4. Determination of Spreadability

Toothpaste of 1.50 g was weighed out by squeezing from the container and
placed on the center of a plexiglass slide. Subsequently, another plexiglass plate
was prepared to cover the sample. Then, a 500 g weight standard was used to
press the sample on top of the plexiglass plate for 15.0 minutes. After releasing
the weight pressure, the longest horizontal and vertical distances were measured.

And its diameter was reported as mean and average, as seen in the figure.

2.4.5. pH Evaluation

The Hana Ion pH meter was calibrated first with reference solutions of pH 4.0,
7.0, and 10.0 as described in the manufacturer’s manual. Before the measure-
ment, 25 mL of each pre-prepared toothpaste solution was ready and filled into
clean 100 ml beakers. After establishing all necessary preparation, the pH was

measured for each sample solution at room temperature.

2.4.6. Foaming Capability Determination

The 25 ml of each pre-prepared stock solution for each toothpaste was filled into
individual 100 ml graduated cylinders. The cylinder was then shaken 30 times
with its top closed with a piece of parafilm to prevent spillage. The graduated cy-
linder was then placed on the flat balanced level on the ground, and the foam’s

height in the cylinder was measured and recorded.

2.4.7. Cleaning Capability

The cleaning capability of toothpaste was evaluated through the toothpaste’s
ability to remove red food coloring stained from the surface of an eggshell. It was
prepared by four eggs being first boiled in water for staining with red food co-
loring--for approximately 20 minutes and cooled at room temperature for
another 30 minutes. Using a permanent marker, a diagonal line was drawn along
the length of an eggshell dividing it in half. To simulate the regular brushing
method, the toothbrush was moistened with water and shaken to remove any
excess water. On one side of each colored egg, 15 back-and-forth toothbrush
strokes of 4.0 cm in length were made with each of the four types of toothpaste.
The magnitude of the area where color was seen to be removed was visually de-
fined and measured for its vertical and horizontal diameter (cm) to calculate the

area of each elliptical pattern.
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2.4.8. Antibacterial Test of Ring of Inhibition

Four strains of bacterial tube cultures were used. The strains were identified by
the Gram-stain method, which is used as the first step in identifying a bacterium.
The pigmented bacteria strains were Micrococcus luteus (yellow) as MIC, Rho-
dococcus rhodochrous (pink) as RHO, Sarcina aurantiaca (orange-yellow) as
SAR, and Serratia marcescens D1 (red) as SER for experimental labeling. Four
Petri dishes were labeled into 4 sections 1, 2, 3, and 4. Using the inoculation wire
ring, the bacteria were inoculated into the Petri dishes that were already coated
with nutrient agar. And the stock solutions of 4 different kinds of toothpaste
were soaked on the circular paper disk. Subsequently, Place the disk with the ap-
plied toothpaste on four sections labeled, 1—VDTP, 2—Colgate, 3—Crest, and
4—Push toothpaste, as seen in Figure 1. The bacterial culture was cultured in an
Heratum Incubator (Thermo Scientific, Waltham, MA) for 48 hours.

2.4.9. Skin Transport Test Using Lumbricus Terrestris Skin

Sixteen L. terrestris were divided into four groups and placed into 200 ml beak-
ers with appropriate labels on the glass surface after weighing their body weight.
Subsequently, 2.0 grams of each toothpaste was rubbed around their body. After
30 minutes, their body weight was measured again. The body weight difference

was calculated and converted into % weight change.

2.4.10. Evaluation of TEER Values

In pharmaceutical areas, the drug delivery system uses the TEER values to ex-
amine the transport of many natural and synthetic elements, such as leukocytes,
molecules, and particles across cellular barriers in the body, while opening tight
cell-junction, which may be transient and relatively innocuous or more pro-
longed [27]. This pathway can be assessed by measuring the transepithelial elec-
trical resistance (TEER) and passive paracellular diffusion of molecules, whereby
decreased resistance to an electrical current or increased paracellular leakage of
an inert compound into the basolateral space indicate the opening of cell junc-

tions, respectively. At first, a stock solution was prepared with the toothpaste of

Figure 1. The bottom surface of the bacteria-inoculated Petri dish was divided, and lines
were drawn into four regions and incubated the bacteria with paper discs soaked with
each toothpaste solution accordingly.

DOI: 10.4236/abb.2023.141001
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10.0 g mixed with 80.0 mL of distilled water to make a 12.5% solution sample for
each toothpaste. The enamel-coated copper wires created two electrodes for pos-
itive and negative poles. And the coated enamel layer was stripped with a cut-
ting-edge knife. Both ends were attached with a drop of soldering lead to facili-
tate their insertion into the L. terrestris. Data I-245 Data Acquisition System was
used to obtain the decreasing resistance profiles between the skin using tooth-
paste solutions. A 9 Volt battery was used for priming the electrical potential
during the study. After finishing the preparation procedures of toothpaste solu-
tions and turning on the data acquisition system, an L. terrestris was cleaned and
weighed on an electrical balance and placed into a container holding 10% ethyl
alcohol as an anesthetic. Once confirmed the depth of anesthesia was approx-
imately 6 minutes, the L. terrestris was moved into the test tube filled with the
testing toothpaste solution up to 70% height of the test tube (18 x 150 mm, bo-
rosilicate culturing tube). The positive electrode was carefully inserted into the
animal up to the medium length between the clitellum and anus. The other end
was connected to the data acquisition system and the positive button of a 9V
battery.

In contrast, the negative electrode was placed into the testing solution of 25
mL and connected to the system and negative button of the battery. Data were
recorded while maintaining the real-time display mode. After the experiment,
the data was retrieved using the Data waveform browser (Akron, OH) and ex-

ported into MS Excel, where it was analyzed as scheduled.

2.5. Data Analysis

All the data were reported as mean and standard deviation. Some observational
data were scored into a numerical numbering system, facilitating quantitative
comparison between groups. A student t-test was performed when required. The
slopes of the TEER values were calculated in the worksheet of Microsoft Excel

with the regression analysis functions.

3. Results and Discussion

3.1. Formulation Development

Our vitamin D toothpaste was created starting from an emulsion formulated
with distilled water and olive oil, as described above. The formula was then fina-
lized with a thorough mixture of toothpaste ingredients with manual mixing
tools. SDS and granular ingredients were crushed in the jar completely with a
plastic spatula and blended for approximately 20 minutes for a homogenous
mixture. The toothpaste did not have any flavoring agents, or artificial dye add-
ed. To enhance the consumer’s preference for toothpaste, adding a tint of mint
flavor or green coloring could be an improvement. Azone (1-dodecylazacyclo-
heptan-2-one) is a hybrid of two potent permeation enhancers, namely pyrroli-
done and decylmethylsulfoxide, but lacks the aprotic sulfoxide group (Williams
and Barry, 2004). To increase Vitamin D3 absorption, azone [28] and sodium
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dodecyl sulfate [29] was employed as chemical penetration enhancers. Other
common toothpaste ingredients, such as humectants, abrasives, and binders,
were blended in sequential order. For creating a high-quality toothpaste, its
wetness and hardness were closely managed by adding an adequate amount for
each ingredient, starting from the volume of distilled water added into the oil

phase for the emulsion base.

3.2. Evaluation of Abrasive Capability

Tooth abrasion is a leading dental point in the common population. The main
degrading quality of this is toothpaste abrasives. Hence, measurement and stan-
dardization of toothpaste are required. Understanding abrasiveness in tooth-
paste is essential. A group of scientists used a radiometric method for an abra-
siveness evaluation in samples of silica and calcium carbonate used as an abra-
sive in a dentifrice to help in a thoughtful choice of materials by dentifrice pro-
ducers [30]. Some people prefer feeling a small number of abrasive particles in-
side the toothpaste. All the other three kinds of toothpaste did not or had almost
no abrasive particles, while our toothpaste had a small number of particles that
were felt with fingers. As shown in Figure 2, our vitamin D toothpaste (VDTP)
had a greater mean abrasive capability score compared to that of Colgate and
Crest and no significant difference with the Push brand (P < 0.05).

3.3. Petri Dish Scratchy Test

A scratchy test was performed using a Petri dish. This quality test was conducted
to examine if the toothpaste could efficiently remove the plaque on the surface of
the teeth. If the scratch was not satisfactory enough, the teeth might still have a
high possibility of leaving any pieces of food particles. But if the scratch power
was too strong, the surface enamel might be eroded quickly. So an optimal
strength of scratch might be crucial when formulating the toothpaste. According
to the petri dish scratchy test, VDTP was shown to be compatible with other

commercial products (P < 0.05), as seen in Figure 3.

3.4. Spreadability Determination

The spreadability test was executed to investigate how large an equal pressure
could form the diameter of the spread of the toothpaste sample. The longest
spread diameter could be an essential factor to consider because the greater
spread diameter could increase the absorption of vitamin D. As seen below in

Figure 4, our VDTP toothpaste had the greatest mean diagonal spreadability.

3.5. Determination of pH

Our teeth’ enamel initiates demineralizing when exposed to a pH of about 5.5.
Therefore, the pH of toothpaste should be significant and considered carefully.
Using toothpaste with fluoride has been a good choice for enamel health. Daily

use of toothpaste with incompatible pH could erode the tooth’s surface. It has
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Figure 2. The mean abrasive capability is significantly higher than that of the Colgate and
Crest groups (n = 4). The score with one asterisk was significantly different from that
with two asterisks.

Figure 3. The mean scratchy test scores that were comparable to the groups of other
commercial products (n = 4).

Figure 4. The mean spreadability area in VDTP was significant compared to that of the
groups from (n = 4). The diameters with one asterisk were significantly different from
those with two asterisks.

been found that pH levels should range from an acidic 3.76 to a primary, safer
side of 9.68 [31]. The pH of our VDTP toothpaste was as basic as pH 7.34, which
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might be considered a favorable and safe pH for protecting the enamel layer with

no adverse effects on the intraoral epithelial tissues in Figure 5.

3.6. Determination of Foaming Ability

Many types of toothpaste are designed to enhance the medical and hygienic ef-
fects using the foaming ability. Further, toothpaste could produce a pleasant
feeling in the mouth during toothbrushing. Foam formation plays a vital role in
these sensations. Investigating the foamability and consistency of the foam is a
meaningful procedure in the formulation of toothpaste. Figure 6 presents that
the mean foam height of VDTP was only significantly greater than that of Push
brand, while no statistical difference in foaming ability was observed from that
of Colgate and Crest.

3.7. Cleaning Ability Evaluation

Toothpaste should be designed to clean teeth effectively and safely for long-term
health. These relatively simple conditions should be kept realistic because most

Figure 5. The mean pH of VDTP was statistically more significant than that of Push
brand toothpaste (n = 4). The pH with one asterisk was significantly different from that
with two asterisks (P < 0.05).

Figure 6. The mean foam height of VDTP was only significantly greater than that of the
Push brand (n = 4). The foam height with one asterisk was substantially different from
that with two asterisks (P < 0.05).
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consumers desire to maintain their teeth without unsightly stains and potentially
harmful bacterial plaque. Though multiple methods of estimating cleanliness are
published [32], the degree of cleaning ability should be mutually supportive to
some degree. While evaluating the cleaning ability because the egg was dyed only
on the surface in red food coloring pigment, it had a limitation in determining
the cleaning ability of each toothpaste with a clear-cut assessment. If the food
coloring material was changed from red to blue or black, it might be easier to
measure the cleaning ability. However, there was definite differentiation that
some lineation of the exposed area by the force of brushing on the dyed egg was
scientifically reasonable. In this study, as seen in Figure 7, the cleaning ability
examined by the light of exposed areas shows that our formulation VDTP was
comparable to that of Colgate and Crest and significantly greater than that of the
Push brand.

3.8. Antibacterial Test

In this study, four disks soaked in four different types of toothpaste—VDTP (1),
Colgate (2), Crest (3), and Push (4)—were placed on top of the agar layer that
was previously inoculated with four types of bacteria as described in the method
section. After 48 hours, the diameter of the ring of inhibition at four sites was
measured and averaged for unbiased estimation. Figure 8 presents a picture of a
colony-established Petri dish after 48 hours. As seen in the group of MIC and
RHO strains, the antibacterial strength of VDTP could be confirmed compared
to other types of toothpaste. Figure 9 shows our summarized data on the ring
diameter of inhibition. It was found that VDTP has the largest radius, which
demonstrated that VDT might have the ability to eliminate harmful bacteria in-
side the mouth.

3.9. Mass Transport Study with Lumbricus Terrestris Skin

It is a type of universal law that any particles or objects move from high concentra-

tion to low concentration, which is the underlying mechanism of osmotic pressure.

5.00
450

4.00 |

350 |

3.00 | -
250 |

2.00 |

150 |

1.00 |

0.50 |

0.00 : : :

VDTP Colgate Crest Push
Toothpaste Brand Name

Exposed Diameter [cm]

Figure 7. The mean cleaning ability was significant compared to that of the Push brand
(n = 4). The diameter with one asterisk was significantly different from that with two as-
terisks (P < 0.05).
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Figure 8. The bacteria growth pattern after 48 hours of incubation under 37°C.

=MIC ®RHO uSAR B SER

Figure 9. The diameter of the inhibition ring from four strains of bacteria of the 48-hour
incubation study (n = 4). The diameter with one asterisk was significantly different from
that with two asterisks (P < 0.05).

When a high concentration of particles is placed outside the L. terrestris skin,
some osmotic pressure must be established, and materials inside the skin should
be sucked out. If there existed any transport capability increased with penetra-
tion enhancers such as azone and SDS. Sixteen L. terrestris were divided into
four groups and placed into 200 ml beakers with appropriate labels on the glass
surface after weighing their body weight. Subsequently, 2.0 grams of each tooth-
paste sample was rubbed around their body and left at room temperature. After
30 minutes, their body weight was measured again. The body weight difference
was calculated and converted into % weight change, as presented in Figure 10.

3.10. Mass Transport Study with TEER Values across L. Terrestris
Skin

Transepithelial electrical resistance (TEER) is a widely accepted quantitative
technique to measure the integrity of tight junctions in cell culture models of
endothelial and epithelial monolayers for drug delivery studies [33]. TEER val-
ues’ fundamental principles might differ from the technique used here in this
study. However, the application to the skin of L. terrestris could be applicable
since the L. terrestris skin is also epithelial tissue, similar to other animals. When
testing the delivery capability in a preliminary study, it was confirmed that the
slope of the decreasing TEER value from a regression line was inversely related

to the concentration of penetration enhancers. Figure 11 shows that the TEER
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Figure 10. The body weight %change measured 30 minutes after the skin coating with
toothpaste. The weight %change with one asterisk significantly differed from that with
two asterisks (P < 0.05).

Figure 11. The voltage change rate across the L. terrestris skin as TEER values. The TEER
values with one asterisk differed significantly from those with two asterisks (P < 0.05).

slope was significantly greater in the group of VDTP than in those from other
groups. The data demonstrated that the VDTP toothpaste had high feasibility of
delivering the vitamin into the body of L. terrestris. The feasibility of human
tissue should be tested for later study.

4, Conclusions

Functional toothpaste has become more popular recently, compared to the tra-
ditional roles of removing dietary debris inhibiting bacterial growth and pre-
serving whiter teeth color. Our study attempted to create a toothpaste formula-
tion that might facilitate the intraoral delivery of vitamin D into the bloodstream
to treat the widespread deficiency in 42% of the American population today.
Taking vitamin D tablets regularly is not easy, but it might be possible by simply
brushing our teeth using intraoral toothpaste.

We did various toothpaste characteristic tests such as abrasiveness, scratchi-
ness, spreadability, pH, foaming, cleaning, and antibacterial strength with our
vitamin D toothpaste compared with those of other commercial brand tooth-
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paste. An earthworm skin test and TEER measurement were conducted using L.

terrestris skin to confirm the intraoral delivery of vitamin D through the oral

cavity. As a result, our data demonstrated the high feasibility of intraoral deli-

very of the vitamin. Further, the study supported that our vitamin D toothpaste

had comparable characteristics with those from other commercial kinds of

toothpaste.
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