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Abstract: Ozonated glycerol is glycerol containing ozone, has no unpleasant odor, and has a long half-
life. To apply ozonated glycerol for clinical use, ozonated macrogol ointment has been developed by
adding macrogol ointment to ozonated glycerol to increase the retention in the affected area. However,
the effects of ozone on this macrogol ointment were unclear. The viscosity of the ozonated macrogol
ointment was approximately two times higher than that of ozonated glycerol. The effect of the
ozonated macrogol ointment on the human osteosarcoma cell line Saos-2 (Saos-2 cells) proliferation,
type 1 collagen production, and alkaline phosphatase (ALP) activity were studied. The proliferation
of Saos-2 cells was assessed using MTT and DNA synthesis assays. Type 1 collagen production
and ALP activity were studied using ELISA and ALP assays. Cells were treated for 24 h with or
without 0.05, 0.5, or 5 ppm ozonated macrogol ointment. The 0.5 ppm ozonated macrogol ointment
significantly elevated Saos-2 cell proliferation, type 1 collagen production, and ALP activity. These
results also showed almost the same trend as for ozonated glycerol.

Keywords: ozonated macrogol ointment; ozonated glycerol; viscosity; alkaline phosphatase; collagen;
human osteosarcoma cell line Saos-2

1. Introduction

Ozone is widely used in society for disinfection, deodorization, disinfecting [1], and
clinical use [2-8]. However, ozone has an unpleasant odor and a short half-life of approxi-
mately 40 min [2]. Ozone must be constantly produced to maintain its efficacy. In order
to cover this disadvantage, ozonated glycerol (OG) was developed by solubilizing ozone
in glycerol in 2004 [9]. Ozonated glycerol is glycerol containing ozone, has no unpleasant
odor, and has a long half-life. In fact, ozonated glycerol has been reported to be safe for
the skin [10,11], have antimicrobial effects [12], and clarify bone matrix production [13].
Recently, we have shown that ozonated glycerol inactivated SARS-CoV-2 [14].

To apply ozonated glycerol for clinical use, ozonated macrogol ointment has been
developed by adding macrogol ointment to ozonated glycerol to increase retention in the
affected area. We have shown the anti-inflammatory effect of ozonated macrogol ointment
on human gingival fibroblasts and its osteogenic potential on osteoblasts [15]. However,
no studies have investigated the effects of macrogol addition in the ozonated gel. The
addition of macrogol is essential for clinical use; however, if it alters the properties of the
ointment as an ozone gel as demonstrated previously, the macrogol would be unsuitable.
Therefore, investigating the effect of adding macrogol is crucial, and addressing this issue
is necessary to ensure the efficacy of the ointment as an ozone gel for clinical use. In this
study, to evaluate the effect of macrogol addition in ozonated gel, we selected the Saos-2
cells [13,16] and compared the ozonated glycerol and macrogol ointment. The effect of
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ozonated macrogol ointment on type 1 collagen production and ALP activity in Saos-2 cells
was investigated.

2. Materials and Methods
2.1. Ozonated Macrogol Ointment

The ozonated macrogol ointment was provided by Mediplus Pharma Inc., Tokyo,
Japan. The preparation procedure of the ozonated macrogol ointment is below. Ozone
gas was administered to concentrated glycerol (Sakamoto Yakuhin Kogyo Co., Ltd., Tokyo,
Japan) to produce 2000 ppm of ozonated glycerol using an Ozonizer (Mediplus Pharma
Inc., Tokyo, Japan). In addition, a macrogol ointment (polyethylene glycol (PEG) 400
and PEG 4000: Yoshida Pharmaceutical Co., Ltd., Tokyo, Japan) and a water-soluble
ointment (polyethylene glycol) were added to increase the viscosity of ozonated glycerol
for the purpose of retention. The ratio of macrogol ointment to ozonated glycerol was
1:2 [15]. The viscosity of ozonated glycerol ointment is 30,000 mPa-s. Ozonated macrogol
ointment is miscible with water (24.4 g/100 mL), and miscible with ethanol, acetone, and
benzene. The degradation time of ozonated macrogol ointment is about three months at
room temperature.

2.2. Viscosity Measurement

The shear rate in the B-type viscometer BM II (Toki Sangyo Co., Ltd., Tokyo, Japan)
was calculated by measuring in advance a Newtonian fluid of known viscosity (viscosity
standard fluid) at different rotor speeds [17].

2.3. DNA Synthesis and MTT Assays

For DNA synthesis, Saos-2 cells (1 x 10*) were cultured in DMEM containing 0.5%
FBS (0.5% DMEM) for 24 h. Cells were cultured with 0.05, 0.5, or 5 ppm ozonated macrogol
ointment for 2 min. The ozone concentration is the final concentration for each well.
The culture medium was then removed. The cells were washed with 0.5% DMEM and
cultured with 0.5% DMEM containing bromodeoxyuridine (BrdU) for 24 h. The level
of DNA synthesis was determined by measuring BrdU incorporation using a BrdU cell
proliferation assay kit (Millipore, Tokyo, Japan). For the MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide; Sigma-Aldrich, St. Louis, MO, USA) assay;, cells were
cultured with ozonated macrogol ointment at 0.05, 0.5, or 5 ppm in DMEM containing
10% FBS (10% DMEM) for 2 min, and the culture medium was then removed. After
washing with 10% DMEM, cells were cultured with 10% DMEM for 24 h. The subsequent
procedures were performed as previously described [18]. The microplate used a 96-well
plate, catalog No. 655 180, manufactured by Greiner. Three wells were used for one sample
to be analyzed. The analysis was performed three times for the same experiment.

2.4. Enzyme-Linked Immunosorbent Assay (ELISA)

For collagen production, Saos-2 cells (1 x 10%) were cultured with 0.5 ppm ozonated
macrogol ointment in DMEM containing 1% FBS (1% DMEM) for 2 min. As a control, Saos-2
cells were cultured without ozonated macrogol ointment. Cells were washed and cultured
with 1% DMEM. Levels of type 1 collagen in the media were measured by indirect ELISA
using the biotinylated anti-type 1 collagen antibody (0.2 ng/mL; Rockland Immunochemi-
cals, Inc., Limerick, PA, USA) and samples (360 pg/mL protein). ELISA was performed
as described in the user manual of a CytoSet kit (Biosource, Tokyo, Japan) [19]. Cells for
collagen production were lysed with 0.5% Triton X-100, and the protein concentration of the
cell lysates was measured using a bicinchoninic acid (BCA) protein assay kit (Pierce, Tokyo,
Japan). Collagen production was normalized to the protein content of the cell lysates.
The microplate was used on a 96-well plate. Three wells were used for one sample to be
analyzed. Samples were measured with a Microplate Reader model 550 (Bio-Rad Labs, Inc.,
Hercules, CA, USA) using a dual wavelength of 450/655 nm (test/reference). The analysis
was performed three times for the same experiment.
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2.5. ALP Activity

Saos-2 cells (1 x 10%) were cultured with a 0.5 ppm ozone macrogol ointment for 2 min.
The culture medium was then removed. Cells were washed with 0.5% DMEM and cultured
with 10% DMEM for 24 h. Cells were lysed with 0.05% Triton X-100, and the ALP activity
of the lysates was measured using a LabAssay ALP kit (Wako Pure Chemicals Industries,
Ltd., Osaka, Japan). Protein concentrations of cell lysates were also measured using a BCA
protein assay kit. ALP activity was normalized to the protein content of the cell lysates.
The microplate was used on a 96-well plate. Three wells were used for one sample to be
analyzed. Samples were measured by the Microplate Reader model 550 using a wavelength
of 405 nm. The analysis was performed three times for the same experiment.

2.6. Statistical Analysis

Quantitative data were statistically analyzed using either a one-way analysis of vari-
ance (ANOVA) followed by Tukey’s test (DNA synthesis and MTT assays) or the Student’s
t-test (measurement of ALP activity and ELISA for collagen production) using the Stat-
Mate software (ATMS Co., Ltd., Tokyo, Japan). Differences were considered significant
atp <0.05.

3. Results
3.1. Viscosity Measurement of Ozonated Glycerol and Macrogol Ointment

The viscosity of the ozonated glycerol and the ozonated macrogol ointment were 1499
and 3000 mPa-s, respectively. The viscosity of the ozonated macrogol ointment was about
two times greater than that of the ozonated glycerol.

3.2. Effect of Ozonated Macrogol Ointment on the Proliferation of Saos-2 Cells

After 24 h of incubation, the ozonated macrogol ointment treatment increased Saos-2
proliferation in a dose-dependent manner (Figure 1). Ozonated macrogol ointment at
0.5 ppm significantly induced cell growth compared to that at other concentrations, whereas
no obvious change was observed with ozonated macrogol ointment at 5.0 ppm. In line
with the results of the MTT assay, 0.5 ppm ozonated macrogol ointment effectively elevated
DNA synthesis in Saos-2 cells, indicating 0.5 ppm as the optimal concentration of ozonated
macrogol ointment required for facilitating cell proliferation.

3.3. Effect of Ozonated Macrogol Ointment on Type 1 Collagen Production and ALP Activity by
Saos-2 Cells

Given the results of the proliferation assays, we further evaluated the effect of 0.5 ppm
ozonated macrogol ointment on type 1 collagen production and ALP activity by Saos-2
cells. The medium containing ozonated macrogol ointment effectively increased type 1
collagen production (Figure 2) and ALP activity (Figure 3) by Saos-2 cells compared to
the control.
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Figure 1. Effects of ozonated macrogol ointment on cell survival and DNA synthesis in Saos-2 cells.
(a) MTT assay and (b) DNA synthesis assay. Saos-2 cells (1 x 10%) were seeded into the 96-well plate
and exposed to the medium containing 0.05, 0.5, or 5 ppm ozonated macrogol ointment (designated
as +, ++, and +++, respectively) for 24 h. All data were compared to that of the control (without
ozonated macrogol ointment). Data are presented as mean =+ standard deviation (n = 3). * p < 0.05
and *** p < 0.001 vs. control, analyzed with a one-way analysis of variance and Tukey’s test.
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Figure 2. Effects of ozonated macrogol ointment on type 1 collagen production in Saos-2 cells. Saos-2
cells (1 x 10%) were seeded into the 96-well plate and exposed to a medium containing 0.5 ppm
ozone macrogol ointment for 24 h. Protein levels of type 1 collagen in the media were measured by
ELISA. Data are presented as mean =+ standard deviation (n = 3 in each group). ** p < 0.01 vs. control,
analyzed using Student’s ¢-test.



Materials 2023, 16, 3857

50f7

180+ *** p<0.001

1601

wxw

140
120

LT
100 T
80

ALP activity (%)

601
401
20

0

T

- +
Ozonated macrogol ointment

Figure 3. Effects of ozonated macrogol ointment on alkaline phosphatase (ALP) activity in Saos-2
cells. Saos-2 cells were seeded into the 96-well plate and exposed to media containing 0.5 ppm
ozonated macrogol ointment for 24 h. Levels of ALP activity in Saos-2 cells were measured using
a LabAssay ALP kit. Data are presented as mean =+ standard deviation (n = 3 in each group).
*** p <0.001 vs. control, analyzed using Student’s t-test.

4. Discussion

Ozonated glycerol has low viscosity and moderate fluidity because its main ingredient
is glycerol. On the other hand, ozonated macrogol ointment is an ointment made by mixing
ozonated glycerol with PEG 400 and PEG 4000, and has high viscosity and retention at
the affected site. The viscosity of the ozonated macrogol ointment was about two times
higher than that of the ozonated glycerol. The present study showed that although high
concentrations of ozonated glycerol ointment, such as ozonated glycerol [13], also de-
creased the cell viability index, low concentrations of ozonated glycerol ointment enhanced
cell proliferation. Previous reports have suggested that 10 ppm ozone gel suppresses the
proliferation of human gingival fibroblasts [12]. In this study, it was demonstrated that
while high concentrations of ozonated macrogol ointment (5 ppm) significantly inhibited
cell proliferation, concentrations of 0.5 ppm or lower were sufficient to promote cell prolif-
eration. On the basis of these observations, we conclude that ozonated macrogol ointment
exhibits pharmacological effects without cytotoxicity at the available low concentrations.

Type 1 collagen and ALP are widely known as markers secreted in the early phases
of bone formation [20]. In this study, these initial-phase bone matrix markers were se-
creted at an optimal ozonated glycerol ointment concentration (0.5 ppm). The effects of
ozonated macrogol ointment on type 1 collagen production and ALP activity in Saos-2
cells were also investigated. Our results showed that ozonated macrogol ointment, such as
ozonated glycerol, also regulates cell metabolism in osteoblasts, resulting in the secretion
of early bone-related biomarkers. However, ALP activity was slightly lower for ozonated
macrogol ointment than for ozonated glycerol. ALPs are membrane-bound ectoenzymes
that hydrolyze monophosphate esters at a high pH (pH 8-10) [21]. There have been no
reports of biocompatible PEG inactivating ALP. In addition, hydroxyapatite-PEG hydrogel
composites are used as a scaffold for cell adhesion, which rather enhances the ALP activity
of adherent cells [22]. Therefore, PEG may act to delay the arrival of ozone to ALP by
gently interacting with the cell membrane around ALP. However, since ozonated macrogol
ointment also increases ozonated glycerol ALP activity, this comparative study indicates
that ozonated macrogol ointment can be used for clinical purposes, and has similar bone
matrix production activity as ozonated glycerol in Table 1. Glycerol and macrogol are ingre-
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dients with a high safety profile and proven track record, and their application in wound
care and other medical settings could potentially offer clinical benefits. Therefore, these
materials could be considered for use in open wounds and other wound types. However,
in cases where medical device or drug approval is required, further data may be necessary
for regulatory submission, which could be considered a disadvantage. Although this study
examined the effects of macrogol addition at the cellular level, it provides a foundation for
future investigations into its clinical efficacy. Further research is necessary to evaluate the
effects of macrogol addition in clinical settings, and these findings can serve as a starting
point for such studjies.

Table 1. Comparison of ozonated glycerol and macrogol ointment 1

Concentration of 1 Ozonated
Ozone (ppm) Ozonated Glycerol Macrogol Ointment
MTT assay (%) 0.5 135.0+ 1.5 156.8 + 13.1
DNA synthesis (fold) 0.5 2.0+ 0.04 24+0.16
type 1 collagen (pg/ 1g) 0.5 362+ 34 353+43
ALP (%) 0.5 2246+ 15 157.8 +5.8

1 The data were referred to [13].

In summary, we compared the ozonated glycerol and macrogol ointment. The effect
of ozonated macrogol ointment on type 1 collagen production and ALP activity in Saos-2
cells was investigated. The results indicated that ozonated macrogol ointment controls
the cellular metabolism of osteoblasts, resulting in the secretion of early bone-related
biomarkers as well as ozonated glycerol. Currently, we shed light on the functional studies
of ozonated macrogol ointment on long-term effects in terms of cellular damage toward
clinical application.

Author Contributions: N.O., Y.I. and H.O. contributed to the conception and design of the study; Y.I
contributed to the acquisition of data; N.O., Y.I., KM., YM. and H.O. contributed to the analysis and
interpretation of data; N.O., Y.I, KM., YM. and H.O. contributed to drafting the manuscript; and all
authors contributed to revising the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by JSPS KAKENHI grant number 18K09929.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Premyjit, Y.; Sruthi, N.U.; Pandiselvam, R.; Kothakota, A. Aqueous ozone: Chemistry, physiochemical properties, microbial
inactivation, factors influencing antimicrobial effectiveness, and application in food. Compr. Rev. Food Sci. Food Saf. 2022,
21, 1054-1085. [CrossRef] [PubMed]

Bocci, V. Oxygen-Ozone Therapy: A Critical Evaluation; Springer: Dordrecht, The Netherlands, 2002.

Srikanth, A.; Sathish, M.; Harsha, A.V.S. Application of ozone in the treatment of periodontal disease. J. Pharm. Bioallied Sci. 2013,
5, 89-94. [CrossRef] [PubMed]

Saini, R. Ozone therapy in dentistry: A strategic review. J. Nat. Sci. Biol. Med. 2011, 2, 151-153. [CrossRef]

Arpita, R.; Swetha, J.; Babu; Sudhir, R. Recent Trends in Non-Surgical Periodontal Care for the General Dentist—A Review.
Bangladesh ]. Dent. Res. Educ. 2014, 4, 78-82. [CrossRef]

Murakami, M.; Nagano, K.; Hamaoka, K.; Kato, D.; Kawai, T.; Murakami, H.; Hasegawa, Y. Ozone Water Bactericidal and
Cleaning Effects on Oral Diseases-related Planktonic and Bacterial Biofilms. J. Hard Tissue Biol. 2021, 30, 27-32. [CrossRef]
Sghaireen, M.G.; Alzarea, B.K.; Alduraywish, A.A.; Alam, M.K,; Srivastava, K.C.; Khader, Y.; Dar-Odeh, N.; Ganji, K.K. Effect of
Aqueous Ozone Solution Irrigation on Healing after Treatment with Dental Implants: A Cross-over Randomized Controlled
Clinical Trial. . Hard Tissue Biol. 2020, 29, 263-266. [CrossRef]

Sakai, D.; Makita, Y.; Masuno, K.; Fujiwara, S.; Okazaki, J.; Wang, P-L. Local hemostatic effect of aqueous ozone in cutting wound
surface. J. Hard Tissue Biol. 2011, 23, 245-248. [CrossRef]


https://doi.org/10.1111/1541-4337.12886
https://www.ncbi.nlm.nih.gov/pubmed/35068040
https://doi.org/10.4103/0975-7406.113304
https://www.ncbi.nlm.nih.gov/pubmed/23946585
https://doi.org/10.4103/0976-9668.92318
https://doi.org/10.3329/bjdre.v4i2.20254
https://doi.org/10.2485/jhtb.30.27
https://doi.org/10.2485/jhtb.29.263
https://doi.org/10.2485/jhtb.23.245

Materials 2023, 16, 3857 70f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

Niinomi, K; Kanaishi, A.; Akihiko, S. The bactericidal effects of ozone gel. J. Showa Univ. Dent. Soc. 2004, 24, 103-109.

Wang, P-L.; Shiota, G.; Shiba, A. Safety Evaluation of Ozone Gel for Skin and Eye on Animal Experiments. J. Hard Tissue Biol.
2011, 20, 313-318. [CrossRef]

Hanada, K.; Okuda, D.; Ogi, R.; Kojima, S.; Tsuruoka, R.; Shiota, G. Ozonized glycerin (OG)-based cosmetic products lighten age
spots on human facial skin. J. Cosmet. Dermatol. 2022, 21, 3133-3139. [CrossRef]

Fukui, T.; Masuno, K.; Makita, Y.; Fujiwara, S.; Shiota, G.; Imamura, Y.; Shiba, A.; Wang, P.-L. Antimicrobial effects of ozone gel
against periodontal bacteria. J. Hard Tissue Biol. 2014, 23, 445-448. [CrossRef]

Wang, P-L.; Tachi, Y.; Masuno, K.; Okusa, N.; Imamura, Y. The Effect of Ozone Gel on Bone Matrix Production by Human
Osteosarcoma Cell Line Saos-2. J. Hard Tissue Biol. 2018, 27, 195-198. [CrossRef]

Takeda, Y.; Jamsransuren, D.; Makita, Y.; Kaneko, A.; Matsuda, S.; Ogawa, H.; Oh, H. Inactivation of SARS-CoV-2 by Ozonated
Glycerol. Food Environ. Virol. 2021, 13, 316-321. [CrossRef] [PubMed]

Wang, P-L.; Tachi, Y.; Masuno, K.; Okusa, N.; Imamura, Y. The study of ozone ointment on human gingival fibroblasts cell
proliferation ability and anti-inflammatory. J. Hard Tissue Biol. 2018, 27, 209-212. [CrossRef]

Rodan, S.B.; Imai, Y.; Thiede, M.A.; Wesolowski, G.; Thompson, D.; Bar-Shavit, Z.; Shull, S.; Mann, K.; Rodan, G.A. Charac-
terization of a human osteosarcoma cell line (Saos-2) with osteoblastic properties. Cancer Res. 1987, 47, 4961-4966.

Mori, T.; Moriyama, S.; Nakagawa, T.; Tsubaki, ]. Measurement of Apparent Viscosity of Various Fluids by Using B-Type and
Vibration-Type Viscometers. Nihon Reoroji Gakkaishi 2017, 45, 157-165. [CrossRef]

Imamura, Y.; Fujigaki, Y.; Oomori, Y.; Usui, S.; Wang, P.-L. Cooperation of Salivary Protein Histatin 3 with Heat Shock Cognate
Protein 70 Relative to the G1/S Transition in Human Gingival Fibroblasts. J. Biol. Chem. 2009, 284, 14316-14325. [CrossRef]
Imamura, Y.; Wang, P-L. Salivary histatin 3 inhibits heat shock cognate protein 70-mediated inflammatory cytokine production
through toll-like receptors in human gingival fibroblasts. J. Inflamm. 2014, 11, 4. [CrossRef]

Christenson, R.H. Biochemical Markers of Bone Metabolism: An Overview. Clin. Biochem. 1997, 30, 573-593. [CrossRef]

Harris, H. The human alkaline phosphatases: What we know and what we don’t know. Clin. Chim. Acta. 1989, 186, 133-150.
[CrossRef]

Ito, T.; Sasaki, M.; Taguchi, T. Enhanced ALP activity of MG63 cells cultured on hydroxyapatite-poly(ethylene glycol) hydrogel
composites prepared using EDTA-OH. Biomed. Mater. 2015, 10, 015025. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2485/jhtb.20.313
https://doi.org/10.1111/jocd.15002
https://doi.org/10.2485/jhtb.23.445
https://doi.org/10.2485/jhtb.27.195
https://doi.org/10.1007/s12560-021-09485-x
https://www.ncbi.nlm.nih.gov/pubmed/34173934
https://doi.org/10.2485/jhtb.27.209
https://doi.org/10.1678/rheology.45.157
https://doi.org/10.1074/jbc.M807278200
https://doi.org/10.1186/1476-9255-11-4
https://doi.org/10.1016/S0009-9120(97)00113-6
https://doi.org/10.1016/0009-8981(90)90031-M
https://doi.org/10.1088/1748-6041/10/1/015025
https://www.ncbi.nlm.nih.gov/pubmed/25730608

	Introduction 
	Materials and Methods 
	Ozonated Macrogol Ointment 
	Viscosity Measurement 
	DNA Synthesis and MTT Assays 
	Enzyme-Linked Immunosorbent Assay (ELISA) 
	ALP Activity 
	Statistical Analysis 

	Results 
	Viscosity Measurement of Ozonated Glycerol and Macrogol Ointment 
	Effect of Ozonated Macrogol Ointment on the Proliferation of Saos-2 Cells 
	Effect of Ozonated Macrogol Ointment on Type 1 Collagen Production and ALP Activity by Saos-2 Cells 

	Discussion 
	References

