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Introduction: Stem cells have gained great attention in tissue engineering and curcumin is a natural phenolic product that had showed some positive
effects on these cells. The aim of this study was to evaluate the effect of curcumin on the differentiation of human dental pulp stem cells (hDPSCs).
Materials and Methods: In this experimental study, hDPSCs were isolated from human third molars and treated without and with different
concentrations (5, 10 and 15 pM) of curcumin and dimethyl sulfoxide (DMSO) as solvent for curcumin. Proliferation of the cells was measured by
methyl-thiazol-tetrazolium (MTT) assay. Osteo/odntogenesis were assessed by alkaline phosphatase (ALP) assay and alizarin red staining. The collected
data were subjected to statistical analysis (two-way ANOVA and Bonferroni correction) at a significant level of 0.05 by using SPSS software version 21.
Results: MTT assay showed that addition of curcumin at 5uM concentration to the medium had no significant effect on cell proliferation compared with
control group. Higher concentrations significantly inhibited cell proliferation at days 2 and 14. ALP showed reduced cell activity at all concentrations
compared with control group. However, curcumin at 5pm concentration increased the ALP activity compared with DMSO group. Alizarin red staining
showed that curcumin had no effect on mineralization. Conclusion: Curcumin did not induce osteo/odontogenic differentiation of hDPSCs. However,
low concentration of curcumin was not toxic and increased the ALP activity of the cells compared with the DMSO group.
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odontogenic differentiation, and the effect of different materials
on modulation of these cells have been studied (1-3, 6-8). Most
of these studies surveyed the use of various growth factors or

Introduction

Nowadays, dentistry is based on non-cellular treatments. The
use of autologous stem cells producing dentin, cement, bone and
periodontal ligaments is likely to be an alternative to commonly
used treatments in regenerative dentistry. Dentin tissue
regeneration, which may be able to integrate with pre-existing
dentin is a desirable goal in clinical dentistry that would
overcome the drawbacks of the conventional treatments such as
pulp capping and apexification (1-3). Dental pulp stem cells
(DPSCs) were isolated from permanent human molar for the
first time in 2000 (4). Since these cells have the ability to self-
regenerate and differentiate into various cells such as fat cells,
nerve cells and odontoblast, they are also called mesenchymal
stem cells (5). In studies,

some odontogenic activity,

manipulating expressed genes to affect the differentiation
pathway (9-13). Moreover, several studies have tried to show
that plant-derived compounds and metabolites can affect the
osteo/odontogenic differentiation signaling pathways (2, 14, 15)

Curcumin is a natural phenolic product isolated from the
rhizome of Curcuma Longa (Turmeric) that has been widely
studied for its anti-inflammatory,

anti-mutagenic, anti-

metastatic, anti-oxidant, wound healing, anti-angiogenic,
immunomodulatory, and antibacterial effects (16). At the
cellular level curcumin modulates important molecular targets
such as transcription factors, enzymes, cell cycle proteins,
cytokines, receptors, and cell surface adhesion molecules (17-

19). Since many of these factors participate in the regulation of
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bone remodeling, curcumin may affect the skeletal system.
Therefore, the theory of curcumin influences on osteoblasts and
osteoclasts has been studied in several in vitro and in vivo studies
(20-25).

Despite the different localization in situ of DPSCs and bone
marrow mesenchymal stem cells (BMSCs), these cells share
many features. Potent regulators of bone formation such as
transforming growth factor-f, bone morphogenic protein 2, 4
have been implicated as promoters in development of
odontoblasts. In the other hand, other growth factors involved
in regulation, proliferation, and differentiation of odontoblasts
(such as basic fibroblast growth factor, platelet-derived growth
factor, epidermal growth factor, insulin-like growth factor,
tumor necrosis factor-a, and IL-B1) also can affect osteoblastic
cells. Furthermore, odontoblasts and osteoblasts express similar
mineralized matrix proteins, such as dentin matrix protein 1,
fibronectin, collagen type I, alkaline phosphatase, osteonectin,
osteopontin, bone sialoprotein, and osteocalcin. Collectively,
studies suggest that the biochemical pathways involved in
differentiation DPSCs into odontoblasts are similar with that of
BMSCs into osteoblasts (4).

The aim of this study was to evaluate the effect of curcumin
on osteo/odontogenic activity of DPSCs.

Materials and Methods

This study was approved by ethics committee of Research
Institute of Dental sciences, Shahid Beheshti University of
Medical Sciences and the
IR.SBMU.RIDS.REC.1394.53.

reference number is

Isolation and culture of hDPSCs

In this experimental study, normal human third molars were
collected from adult (20-30 years old) at the Oral and
Maxillofacial Surgery Department of Shahid Beheshti Dental
School were immediately placed into a sterile 15 ml falcon
containing physiological serum supplemented with 3%
penicillin-streptomycin (Biosera, Lyle, France) and transferred
to a cell culture lab with several ice packs. Under sterile
condition, tooth surfaces were washed three times with sterile
Phosphate-buffered saline (PBS) solution (0.01 mole/L, pH 7.4)
(Inoclon, Tehran, Iran), and then was disinfected with 70%
alcohol. The tooth was again washed with PBS solution. In order
to expose the pulp chamber, the tooth was wrapped in a PBS-

wetted sterile gauze and squeezed in a vise until cracked, and the

dental pulp was carefully removed from the pulp chamber.
Isolated pulp tissues were minced into 2-3 mm pieces. Afterward
the tissue pieces were placed in a 6-well plate with media consist
of alpha modification of Eagles medium (Inoclon, Tehran, Iran)
supplemented with 20% FBS (Gibco BRL, Scotland, UK) and 1%
penicillin-streptomycin and then incubated at 37°C in 5% CO2.
After almost 5 days cell migration initiated and fibroblast-like
cells observed. When the cell confluence reached to70- 80%, they
were trypsinized and sub-cultured. DPSC from the third to fifth
passages were used for this study.

Preparation of curcumin

[1.7-bis  (4-hydroxy-3-methoxyphenyl) -1, 6-
heptadiene-3, 5-Dione] (Sigma-aldrich, MO, USA) was
dissolved in dimethyl sulfoxide (DMSO) (Merck, Darmstadt,
Germany) and stored at -20°C. For experiments, curcumin was

Curcumin

added to the culture media at indicated concentrations. DMSO
was used in control experiments at 0.1%

Cell proliferation assay by MTT

Cell viability was assessed by using methylthiazole tetrazolium
(MTT) method according to the manufacturer's (BIO-IDEA,
Tehran, Iran) instructions.

The cells were seeded at a density of 5-10 x [[10)] A3 cells
per well and incubated to allow initial attachment for 24 hours.
Then the culture medium was removed and replaced by
different concentrations (5, 10 and 15 pM) of curcumin. These
concentrations have been selected based on previous similar
studies (21). The culture medium without curcumin was used as
a control. Morphological changes of dental pulp stem cells were
observed during experiment. At the time points (2, 14 days), 400
pL culture medium of RPMI1640 and 100 pL MTT was added to
each well. After incubation for 4 hours, 500uL DMSO (Merck,
Darmstadt, Germany) was put into wells. Finally, the optical
density values were determined using a plate reader (ELx 800;
Bio Tek, Winooski, VT) at the wavelength of 570 nm after
removing the mixture in wells.

Osteogenic capability assessment by alkaline phosphatase
activity (ALP)

In order to investigate the effect of curcumin on activity of ALP
enzyme, different groups were compared at days 7 and 14.
Briefly, DPSCs cultured in medium with the different
concentrations of curcumin (5, 10 and 15 pM) were washed 2
times with PBS buffer to remove the cells from the surface of the
plate, followed by the addition of lysis buffer. Then, cell protein

E Regeneration, Reconstruction & Restoration 2020; 5(1): e13

This work is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International.



Effect of curcumin on dental pulp stem cells differentiation

el3

B 0.25

0.2

y =0.028x - 0.06 0.15

R?=0.7788
0.1
0.05

0

-0.05

A 0.25

0.2

0.15

0.1

0.05

-0.05

Figure 1: The alkaline phosphatase standard curve, day 7 (A), and day 14 (B)

contents were obtained by centrifuging. According to the
protocol of the kit (Greiner, Nlirtingen, Germany), the R1
(diethanoleamine) and R2 solutions (p-nitrophenylphosphate)
were mixed and added to the protein content. The absorbance
was measured by a plate reader at 405 nm to make a standard
curve (Figure 1). Then the activity of the alkaline phosphatase
enzyme was calculated in the unknown samples.

Mineralization assay by Alizarin Red S staining
Mineralization of DPSCs was observed by alizarin red S staining.
Briefly After culturing DPSCs for 14 and 21 days in a culture
medium with and without curcumin, the cells were washed twice
with PBS, fixed with formaldehyde 10%, and stained with AR 2%
(pH = 4.2-4.4) (Sigma-Aldrich, MO, USA) for 30 minutes at
room temperature. After being washed with double distilled
water, the stained image was acquired.

Statistical analysis

Each experiment was performed in triplicate. Results are
expressed as the mean and standard error. Statistical analysis
was performed by using SPSS 21.0 software. For cell
proliferation, two-way ANOV A was used to analyze the effect of
time and different concentrations. Multiple comparison among
the groups was evaluated by Bonferroni test with applying Type
I Error correction. A P value<.05 was used to identify
significance of differences.

Results

Effects of curcumin on cell proliferation

We assessed the effect of curcumin on cell viability by using an
MTT assay. As shown in Figure 2, after 48 hours, DPSCs
exposed to the DMSO and 5uM curcumin did not show any

differences compared to the control group (P = 1.00). However,
the cells treated with 10 pM and 15 pM curcumin showed
significantly lower optical absorption compared to 5uM
curcumin (P=.014, P=.005; respectively).

MTT assay

*

*
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Figure 2: Effects of curcumin on cell proliferation measured using
MTT assay. Statistical of significance of the differences between the
results are indicated (* P<0.05)

After 14 days, there was no significant differences between
the control group and the DMSO (P = 1.00). Optical absorption
was increased at 5 pM concentration, which was not statistically
significant compared to the control group (P = 0.26) but was
significantly different from the second day (P=0.005).

The optical absorption of 10 uM and 15 pM curcumin was
reduced compared to the control group, DMSO, and 5 pM
concentration (all P<0.001). However, there was no significant
difference between the absorption of 10 uM and 15 uM with each
other (P=1.00) and at different days (P=0.077, P=0.294).
Morphological changes of cells during experiment are in
consistent with these results (Figure 3).
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Flgure 3 Morphologlcal changes of cells durmg experlment

Effect of curcumin on ALP activity of DPSCs

The activity of ALP in the samples was calculated. Using the
Wilcoxon test, it was shown that the activity of the cells in the
sham group (DMSO) was significantly reduced (P = 0.05). But
curcumin at 5uM concentration significantly reduced the effect
of DMSO and increased cellular activity. 10 and 15pM
concentrations did not show these changes and even prevented
increasing the cellular activity (Figure 4). These results and the
results of MTT, represent the senescence of the cells, not
associated with apoptosis.

Effect of curcumin on the mineralization of DPSCs

In undifferentiated stem cells, no extracellular deposition of
calcium is seen, in contrast, during differentiation of DPSCs in
the extracellular region, it occurs abundantly in the extracellular
and intracellular conditions. Calcium depositioning is a positive
sign of dentin formation and successful differentiation of pulpal
stem cells into odontoblasts. Especially calcium can be stained
with bright orange-red color using Alizarin. By using Alizarin
staining, sediments on the surface of the extracellular matrix can
be observed. In the presence of sediment, the color pattern of the

Figure 4: Effect of curcumin on alkaline phosphatase activity of
human DPSCs. Statistical of significance of the differences between
the results are indicated (* P<0.05). ALP activity of hDPSCs in control
group was significantly higher than all of other groups a both days 7
and 14

treated samples varies with the control sample. The results
showed that the color pattern of the treated cells with different
concentrations of curcumin did not differ significantly from the
control sample (Figure 5 and 6).

before after
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Figure 5: Alizarin red staining, day 14
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Figure 6: Alizarin red staining, day 21
Discussion

Tissue engineering approaches have gained great attention to
restore or replace tissues with aid of progenitor cells with
scaffold in response to appropriate signals. Recent advances in
stem-cell biology have revealed the possibility of dentin
regeneration using human adult DPCs as progenitor cells with
the ability of forming a dentin/pulp-like complex (1).

Studies have shown that low concentrations of curcumin
increase the osteoblastic differentiation of mesenchymal stem
cells (21, 24, 26). Since the biochemical pathways involved in
differentiation DPSCs

into odontoblasts are similar to

differentiation pathways of BMSCs into osteoblasts (4), we
hypothesize that curcumin might have effect on the odontogenic
activity of DPSCs.

To assess the toxicity of curcumin, MTT test was used. The
results showed that the low concentration of this substance,
which in this study was 5uM, not only had no toxic effect on
cells, but also it increased the proliferation of cells on day 14.
However, higher concentrations had a toxic effect on cells and
caused the degradation of cells. As shown in the studies,
curcumin has different effects on different cells proliferation at
different concentrations. In Son et al., study, investigating the
molecular mechanism of osteoblast differentiation by curcumin,
the results of MTT test showed that Curcumin had no cytotoxic
activity at concentrations up to 10 pM; however, curcumin at
concentrations of 100 uM reduced cell viability. They suggest
that curcumin induced osteoblast differentiation by increasing
the expression of osteogenic genes (26). However, Notoya ef al.,
investigated the effect of curcumin on the metabolism of rat
calvarial osteoblastic cells and showed that curcumin (5 to 10
puM) markedly inhibited the proliferation of cells by arresting
them at the G1 phase of the cell cycle (22). In another study by
Moran et al, MTT showed curcumin (10, 20 and 30 pM)
significantly decreased cell viability in a dose-dependent manner
(20).

Similar to present study, Zhou et al, demonstrated that
resveratrol, a plant metabolite, has a stimulatory effect on cell
proliferation at low concentrations (1-50 pM) but by increasing
the concentration, at 10 uM inhibits the cell growth (14). Also,
Mahmoudi et al., showed that Ferula Gummosa Ethanolic
Extract exhibited higher proliferation rates and maximum cell
numbers with gradual decrease of cell proliferation by increasing
concentration human BMSCs after treatment with low
concentrations (1 pg/ml) (15).

ALP is a key regulator of the early stage differentiation of
bone marrow stem cells. It is enhanced during osteogenic
differentiation. It is also an isoenzyme involved in the inorganic
pyrophosphate breakdown in order to provide the phosphate
needed for mineralization (27). Present study showed that
activity of alkaline phosphatase in the sham group (DMSO) was
significantly reduced. 5uM curcumin significantly reduced the
effect of DMSO and increased cell activity compared to the sham
group (DMSO). This change did not appear in 10 pM and 15
puM. These results alongside MTT test represented that cell
senescence was not associated with apoptosis. Gu et al,
investigated the effect of curcumin on osteoblast and adipocyte
differentiation of rat mesenchymal stem cell and final results
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showed that 10 pM and 15 pM concentrations of curcumin
increase the rat MSCs alkaline phosphatase activity compared to
the control group (21). Similar results were reported by other
study, either (24, 26). In a study by Moran et al., ALP activity
increased constantly from day 7 with culture time. However, a
significant decrease in the late stages of osteoblast differentiation
(day 21) was observed (evidenced by the decelerating
accumulation of calcium in osteoblasts) (20). Due to the
of alkaline (and pyrophosphate
compounds) at the early stages, and its reduction in the final

increases phosphatase
stages with simultaneous concentration of calcium and
phosphate (hydroxyapatite), this test together the alizarin red
staining can be used to determine the stage of cell differentiation
(28).

The present study showed that treatment of DPSCs with
curcumin had no effect on mineralization with no significant
differences. The results of Gu et al., were in consistent with this
study (21). However, Yamaguchi et al., followed differentiation
of pre-osteoblastic cells into mineralizing osteoblasts in the
presence or absence of curcumin analogues for 21 days. They
found calcium deposition and potently enhanced mineralization
by using alizarin red staining (29).The similar result was found
by Ahmed et al., (24) and Son et al., (26). Considering that ALP
activity has increased in the presence of low concentrations of
curcumin, but no calcified nodule formation has been observed,
it can be concluded that low concentrations of curcumin can
play a role in the early stages of differentiation that is
inconsistent with Gu et al., study (21).

To assay odontogenic differentiation, it was necessary to
evaluate expression of genes detecting human DPSCs
odontogenic differentiation considering that we could not see
differentiation of the cells by observing cells morphology and
results of experiments, the expression of genes detecting
hDPSCs odontogenic differentiation was not evaluated.
Experiments in the odontogenic medium, with a greater number
of repetitions at concentrations lower than 5pM curcumin
should be done to achieve better results.

Conclusion

Low concentration of curcumin is not toxic and increases the
ALP activity of the cells compared to the DMSO group, but it is
cytotoxic at higher concentrations (10 to 15 pM) and does not
cause cell differentiation.

Acknowledgment

The authors wish to thank research institute of dental sciences
of Shahid Beheshti University of Medical Sciences for financially
supporting this study.

Conflict of Interest: ‘None declared’.

References

1. AbdulQader ST, Kannan TP, Ab Rahman I, Ismail H, Mahmood Z.
Effect of different calcium phosphate scaffold ratios on odontogenic
differentiation of human dental pulp cells. Materials Science and
Engineering: C. 2015;49:225-33.

2. Kwon Y-S, Lim E-S, Kim H-M, Hwang Y-C, Lee K-W, Min K-S.
Genipin, a cross-linking agent, promotes odontogenic differentiation of
human dental pulp cells. Journal of endodontics. 2015;41(4):501-7.

3. Peng W, Liu W, Zhai W, Jiang L, Li L, Chang J, et al., Effect of
tricalcium silicate on the proliferation and odontogenic differentiation
of human dental pulp cells. Journal of endodontics. 2011;37(9):1240-6.
4. Gronthos S, Mankani M, Brahim J, Robey PG, Shi S. Postnatal human
dental pulp stem cells (DPSCs) in vitro and in vivo. Proceedings of the
National Academy of Sciences. 2000;97(25):13625-30.

5. Gronthos S, Brahim J, Li W, Fisher L, Cherman N, Boyde A, et al.,
Stem cell properties of human dental pulp stem cells. Journal of dental
research. 2002;81(8):531-5.

6. Mao ], Giannobile W, Helms J, Hollister S, Krebsbach P, Longaker
M, et al., Craniofacial tissue engineering by stem cells. Journal of dental
research. 2006;85(11):966-79.

7. Sedgley CM, Botero TM. Dental stem cells and their sources. Dental
Clinics. 2012;56(3):549-61.

8. Kim JH, Kim SY, Woo SM, Jeong HN, Jung JY, Kim SM, et al,
Combination of mineral trioxide aggregate and propolis promotes
odontoblastic differentiation of human dental pulp stem cells through
ERK signaling pathway. Food
2019;28(6):1801-9

9. Nakashima M, Nagasawa H, Yamada Y, Reddi AH. Regulatory role
of transforming growth factor-p, bone morphogenetic protein-2, and
protein-4 on gene expression of extracellular matrix proteins and
differentiation of dental pulp
1994;162(1):18-28.

10. Nakashima M, Mizunuma K, Murakami T, Akamine A. Induction
of dental pulp stem cell differentiation into odontoblasts by
electroporation-mediated gene delivery of growth/differentiation
factor 11 (Gdf11). Gene therapy. 2002;9(12):814.

science

and biotechnology.

cells. Developmental biology.

E Regeneration, Reconstruction & Restoration 2020; 5(1): e13

This work is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International.



Effect of curcumin on dental pulp stem cells differentiation

el3

11. Onishi T, Kinoshita S, Shintani S, Sobue S, Ooshima T. Stimulation
of proliferation and differentiation of dog dental pulp cells in serum-
free culture medium by insulin-like growth factor. Archives of oral
biology. 1999;44(4):361-71.

12. Kim Y, Park JY, Park HJ, Kim MK, Kim YI, Kim HJ, et al.,
Pentraxin-3 Modulates Osteogenic/Odontogenic Differentiation and
Migration of Human Dental Pulp Stem Cells. Int ] Mol Sci. 2019;20(22).
13. Heng BC, Wang S, Gong T, Xu J, Yuan C, Zhang C. EphrinB2
signaling enhances osteogenic/odontogenic differentiation of human
dental pulp stem cells. Arch Oral Biol. 2018; 87:62-71.

14. Zhou H, Shang L, Li X, Zhang X, Gao G, Guo C, et al., Resveratrol
augments the canonical Wnt signaling pathway in promoting
osteoblastic  differentiation of multipotent cells.
Experimental cell research. 2009;315(17):2953-62.

15. Mahmoudi Z, Soleimani M, Saidi A, Iranshahi M, Azizsoltanli A.
Effect of Ferula gummosa Ethanolic Extract on Osteogenesis in Human
Mesenchymal Stem Cells. Journal of Medicinal Plants. 2013;2(46):50-9.
16. Maheshwari RK, Singh AK, Gaddipati J, Srimal RC. Multiple
biological activities of curcumin: a short review. Life sciences.
2006;78(18):2081-7.

17. Aggarwal BB, Kumar A, Bharti AC. Anticancer potential of
curcumin: preclinical and clinical studies. Anticancer research.
2003;23(1/A):363-98.

18. Biswas S, Rahman I. Modulation of steroid activity in chronic

mesenchymal

inflammation: a novel anti-inflammatory role for curcumin. Molecular
nutrition & food research. 2008;52(9):987-94.

19. Goel A, Jhurani S, Aggarwal BB. Multi-targeted therapy by
curcumin: how spicy is it? Molecular nutrition & food research.
2008;52(9):1010-30.

20. Moran JM, Roncero-Martin R, Rodriguez-Velasco FJ, Calderon-
Garcia JF, Rey-Sanchez P, Vera V, et al., Effects of curcumin on the
proliferation and mineralization of human osteoblast-like cells:
implications of nitric oxide. International journal of molecular sciences.
2012;13(12):16104-18.

21. Gu Q, Cai Y, Huang C, Shi Q, Yang H. Curcumin increases rat
mesenchymal stem cell osteoblast differentiation but inhibits adipocyte
differentiation. Pharmacognosy magazine. 2012;8(31):202.

22. Notoya M, Nishimura H, Woo J-T, Nagai K, Ishihara Y, Hagiwara
H. Curcumin inhibits the proliferation and mineralization of cultured
osteoblasts. European journal of pharmacology. 2006;534(1-3):55-62.
23. Bharti AC, Takada Y, Aggarwal BB. Curcumin (diferuloylmethane)
inhibits receptor activator of NF-kB ligand-induced NF-«B activation
in osteoclast precursors and suppresses osteoclastogenesis. The journal
of Immunology. 2004;172(10):5940-7.

24. Ahmed MF, El-Sayed AK, Chen H, Zhao R, Yusuf MS, Zuo Q, et al.,
Comparison between curcumin and all-trans retinoic acid in the
osteogenic differentiation of mouse bone marrow mesenchymal stem
cells. Experimental and therapeutic medicine. 2019;17(5):4154-66.

25. Folwarczna J, Zych M, Trzeciak HI. Effects of curcumin on the
skeletal system in rats. Pharmacological reports : PR. 2010;62(5):900-9.
26. Son HE, Kim EJ, Jang WG. Curcumin induces osteoblast
differentiation through mild-endoplasmic reticulum stress-mediated
such as BMP2 on osteoblast cells. Life Sci. 2018;193:34-9.

27. Kulterer B, Friedl G, Jandrositz A, Sanchez-Cabo F, Prokesch A,
Paar C, et al., Gene expression profiling of human mesenchymal stem
cells derived from bone marrow during expansion and osteoblast
differentiation. BMC genomics. 2007;8(1):70.

28. Gregory CA, Gunn WG, Peister A, Prockop DJ. An Alizarin red-
based assay of mineralization by adherent cells in culture: comparison
with cetylpyridinium chloride extraction. Analytical biochemistry.
2004;329(1):77-84.

29. Yamaguchi M, Moore TW, Sun A, Snyder JP, Shoji M. Novel
curcumin analogue UBS109 potently stimulates osteoblastogenesis and
suppresses osteoclastogenesis: involvement in Smad activation and NF-
kB inhibition. Integrative Biology. 2012;4(8):905-13.

Please cite this paper as: Seifi M, Farivar SH, Mirhosseini MS,
Ahmadvand A. Effect of Curcumin on Odontogenic
/Osteogenic Differentiation of Dental Pulp Stem Cells. Regen
Reconstr Restor. 2020;5 (1): e13. Doi: 10.22037/rrr.v5i1.31127.

Bj Regeneration, Reconstruction & Restoration 2020; 5(1): e13

This work is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International.



