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Abstract

Tooth extraction leaves a wound consisting of cortical bone and periodontal ligament causing the oral tissue to become inflamed. Coffee has many ingredients that are useful for the body. Previous studies claimed that flavonoids in coffee acts as an anti-inflammatory, saponins as antibiotics to inhibit bacterial growth in order to accelerate wound healing. This study is a laboratory experimental in vitro study to determine the effect and toxicity of robusta coffee bean extract (Coffea canephora) and migration of NIH 3T3 fibroblasts. The results from the MTT assay examination were obtained in all test groups: group 1 (positive control with H2O2 0.037%), the average result were 0.403 for 24 hours and 0.401 for 48 hours; group 2 (negative control), the results were 0.463 for 24 hours and 0.466 for 48 hours; group 3 (treatment with a 2.5% concentration of robusta coffee bean extract), the results were 0.460 for 24 hours and 0.462 for 48 hours; group 4 (treatment with 5% concentration of robusta coffee bean extract), the results were 0.457 for 24 hours and 0.462 for 48 hours. The conclusion of this study is the 2.5% and 5% concentration of robusta coffee bean extract (C. canephora) are not toxic to NIH 3T3 fibroblasts because they do not inhibit the growth of NIH 3T3 fibroblasts. The 2.5% and 5% concentration of C. canephora bean extract have the ability to accelerate the migration of 3T3 NIH fibroblasts.
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Introduction
Tooth extraction is the act of removing a tooth from its socket on a tooth that is non-vital or cannot be treated with other treatments. Tooth extraction that is performed will inevitably leave a wound consisting of a severed cortical bone and periodontal ligament. Tooth extraction will also cause inflammation of the oral cavity tissue1. Basically, the wound healing process occurs spontaneously in 3 phases, namely, the inflammatory phase, the proliferation phase, and the maturation phase2.  Wound healing process requires the role of fibroblasts as the source of the tissue. Fastening in the proliferative phase. Fibroblasts have the ability to pull the wound edges so that the two wound edges are closer and attached. Another role of fibroblasts is to secrete cytokines and several growth factors that stimulate cell proliferation and inhibit the differentiation process3. In recent times, wound healing uses drugs to accelerate wound healing4. The drug that is often used is 10% povidone iodine which functions as an antiseptic, but can cause irritation during the wound healing process.
	Currently, most of the world's population is re-applying the concept of natural living, where plants are the preferred for treatments5. There are empirical evidence that Indonesians have long been using pure coffee powder as an alternative medicine in treating various types of wounds. A series of studies on coffee since the beginning of 2004 and results show that coffee can be used to treat various types of wounds, ranging from sharp scratches, burns to infected wounds6. Coffee has many useful ingredients for the body. Some of the ingredients in coffee are alkaloids, saponins, flavonoids, phenolic compounds and chlorogenic acid. From several previous studies, it was estimated that flavonoids as anti-inflammatory, saponins contain antibiotics to inhibit bacterial growth in order to accelerate wound healing.
	Based on the explanation above, coffee can be used as material for further studies, especially in the field of dentistry, to carry out research on the effect of C. canephora bean extract on the process of wound healing through the observation of fibroblasts growth and migration. The purpose of this study is to determine the effect and toxicity of C. canephora bean extract and migration of NIH 3T3 fibroblasts.

Material and Methods
Study Outline
	This is a laboratory experimental in vitro study to determine the effect of C. canephora bean extract on the toxicity and migration of NIH 3T3 fibroblasts. The research was carried out from December 2018 to February 2019 at the Research Institute for Herbs and Medicines (Balitro), Bogor and ProSTEM Laboratory, Jakarta.
Study Procedure
	NIH 3T3 fibroblasts were used because these fibroblasts were obtained from mouse tail cell lines which were then cultured by thawing and cell culture methods.
Robusta coffee beans was processed for extraction. Thawing method and NIH3T3 culture were performed using Dulbecco's Modified Eagle's Medium (DMEM) high glucose + 10% FBS + 1% penicillin-streptomycin culture medium. The fibroblasts were put in 96 well culture plates with 5000 cells per plate and then left for one night. The cells were divided into four study groups (each with 3 samples) as follows: group I: positive control with 0.037% H2O2; group II: negative control; group III: 2% FBS + 2.5% robusta coffee bean extract; Group IV: 2% FBS + 5% C. canephora bean extract. Samples in each group were treated with 10μl of C. canephora bean extract, then put into an incubator for 24 and 48 hours, then removed and cells were counted by means of MTT assay 3- (4,5-Dimethylthiazol-2-yl ) -2,5-diphenyltetrazolium bromide (MTT) to see the effect of C. canephora bean extract on fibroblast cell growth. Scartch assay is used to measure the cell migration. The scratch was made on well plate using sterilized yellow tip. Then wash the plate with 1x PBS (Phosphate-Buffered Saline) and documented the scratch result. DMSO (Dimethyl Sulfoxide) was added into the well plate then put into an incubator. After 24 and 48 hours cells removed and were documented.
Statistical Analysis
	Measurement of cell migration was carried out using the in vitro scratch assay method then analyzed using Straatman method. The data obtained from the observation on the number of fibroblasts is a ratio scale data. These results were statistically tested using two-way ANOVA to point out the differences between the positive control group, the negative control group and the treatment group. The differences in the fibroblast growth and migration between the control group and the treatment group were analyzed using the Least Significant Difference (LSD) test.
Results and Discussion
	This research is an experimental study to determine the toxicity of C. canephora  bean extract to NIH 3T3 fibroblasts by looking at growth and migration.
Cell Count and Fibroblast Growth
	The calculation results from the MTT Assay examination were obtained in all test groups. In group 1 (positive control with H2O2 0.037%), the average results were 0.403 for 24 hours and 0.401 for 48 hours. In group 2 (negative control), the results were 0.463 for 24 hours and 0.466 for 48 hours. In group 3 (treatment with 2.5% concentration of C. canephora bean extract), the results were 0.460 for 24 hours and 0.462 for 48 hours. In group 4 (treatment with 5% concentration of C. canephora bean extract), the results were 0.457 for 24 hours and 0.462 for 48 hours. The average basal growth of the medium was observed to obtain an accurate calculation. The average results were 0.367 for 24 hours and 0.364 for 48 hours. (Table 1)

Table 1. Results of MTT assay calculation
	Group
	Average
	Basal Medium
	Conversion Value of Calculation Result
	Cell Total

	
	24 hours
	48
hours
	24 hours
	48 
hours
	24
hours
	48
hours
	24 
hours
	48
hours

	Positive Control
	0.403
	0.401
	0.367
	0.364
	36.17
	36.59
	888
	370

	Negative Control
	0.463
	0.466
	0.367
	0.364
	95.56
	102.17
	17.254
	20.834

	Treatment 2,5%
	0.46
	0.462
	0.367
	0.364
	92.56
	98.33
	16.428
	19.641

	Treatment 5%
	0.457
	0.462
	0.367
	0.364
	90.17
	97.39
	15.77
	19.347



	The value obtained from the observation that the average number of NIH 3T3 fibroblast growth was converted into the number of cells. Cell count formula was produced to obtain the number of cells for the positive control group, the negative control group, the treatment group with 2.5% concentration of C. canephora bean extract and the treatment group with C. canephora bean extract concentration of 5% within 24 hours and 48 hours. It is known that the number of fibroblasts at 24 hours is 17,500 cells/ml and at 48 hours it becomes 21,000 cells/ml. Fibroblasts have the ability to doubling time between 18-24 hours because of their excellent growth, so that they become the preferred cells for cell culture. The source of fibroblasts for culture comes from animal tissue or from culture collections. Cell lines sourced from culture collections have good characteristics in terms of origin, genetics, and growth7. NIH 3T3 cell lines are cells that have been degraded from embryos of Swiss mice that have become standard fibroblasts for research8.
Observations on the results of the MTT Assay within 24 hours and 48 hours showed that the growth of 3T3 NIH fibroblasts was faster in the treatment group given 2.5% C. canephora bean extract than in the treatment group given C. canephora bean extract concentration of 5%. This may occur because the space for fibroblasts contained in the culture plate with the treatment given a 5% concentration of C. canephora bean extract is less than the treatment group given C. canephora bean extract concentration 2.5%.
	After getting the average value of each group, it is converted into the formula (y = 0.0127x + 32.945) for 24 hours and (y = 0.0135x + 35.201) for 48 hours, then multiplied by the number of cells known, namely 17,500 cells / ml in 24 hours and 21,000 cells / ml in 48 hours, the mean cell counts in each group were obtained (Figure 1). There was a very significant difference between the positive control and the negative control group, the treatment group with 2.5% concentration of C. canephora bean extract and the 5% concentration group within 24 hours and 48 hours. The results of this study indicate that there is an average growth of NIH 3T3 fibroblasts in the negative control group, the treatment group with 2.5% and with 5% concentration of C. canephora bean extract. In the positive control group given 0.037% H2O2, there was no visible growth of NIH 3T3 fibroblasts. It can be seen that the 2.5% dan 5% concentration of C. canephora bean extract were not toxic because they did not inhibit the growth of fibroblasts.





Figure 1. Bar graph representing number of NIH 3T3 fibroblasts

  	 Normality test using Shapiro-Wilk method to determine the normal distribution of the data showed that the data obtained in each study group were normally distributed (p> 0.05). The results of the ANOVA test show that p = 0.000 (p <0.05), which means that there is a significant difference between the positive control group, the negative control group, the treatment group with C. canephora bean extract concentration 2. 5% and 5% concentration groups influenced the growth of NIH 3T3 fibroblasts. The results also showed that p = 0.001 (p <0.05), which means that there is a significant difference between 24 hours and 48 hours on the growth of NIH 3T3 fibroblasts. And for the results obtained p = 0.003 (p <0.05) that the interaction between the test group and the hour affects the growth of NIH 3T3 fibroblasts. The results showed that the treatment group given 2.5% concentration of C. canephora bean extract and the treatment group given 5% concentration of C. canephora bean extract could cause the growth of NIH 3T3 fibroblasts compared with a positive control group.


Table 2. Post-hoc analysis (LSD) on NIH 3T3 fibroblast growth
	Dependent Variabel : NIH 3T3 Fibroblasts Growth

	Group
	Group
	Sig.

	Positive Control
	Negative Control
	.000

	
	2,5% Concentration
	.000

	
	5% Concentration
	.000

	Negative Control
	2,5% Concentration
	.000

	
	5% Concentration
	.000

	2,5% Concentration
	5% Concentration
	.383



	The post hoc (LSD) test (Table 2) showed a significant difference p = 0.000 (p <0.05) between the positive control group and the negative control group, the treatment group with 2.5% and 5% concentration of C. canephora bean extract. There was also a significant difference of p = 0.000 (p <0.05) between the negative control group and the positive control group, the treatment group with 2.5% and 5% concentration group. And the results also obtained p = 0.383 (p> 0.05), which means there is no significant difference between the treatment group with concentration of 2.5% and 5%. 
Fibroblast Migration	
	The results of the fibroblast migration test using the scratch assay in all test groups within 24 hours and 48 hours (Figure 2) were seen for the migration of 3T3 NIH fibroblasts on the first repeat, to be clearer the migration results on the first, second and third repetitions were found. The observation results of NIH 3T3 fibroblast migration distance (Figure 3) shows the migration of NIH 3T3 fibroblasts at 24 hours and 48 hours, whereas in the positive control group there was no migration from both sides of the fibroblasts to approach. In the negative control group, the migration movement was very close. And in the treatment group with 2.5% concentration and with 5% concentration of C. canephora bean extract, there was a migration of 3T3 NIH fibroblasts from both sides to unite.

Figure 2. NIH 3T3 fibroblast migration
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Negative Control Group
	5% Consentration of C. canephora bean extract Group
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The Shapiro-Wilk normality test was performed to see fibroblast migration with the test group and study time. The results showed that the data obtained were normally distributed because the p value was> 0.05. Then the two-way ANOVA test was carried out to see the migration of NIH 3T3 fibroblasts. The results showed that p = 0.000 (p <0.05) which means that there is a significant difference between the positive control group, the negative control group, the treatment group with C. canephora bean extract concentration of 2.5% and group concentration of 5% in influencing the migration of NIH 3T3 fibroblasts. The results were also obtained with p = 0.170 (p> 0.05), which means that there is no significant difference between 24 hours and 48 hours on the migration of NIH 3T3 fibroblasts. And for the results with p = 0.193 (p> 0.05) that the absence of test group and hour interaction affects the migration of NIH 3T3 fibroblasts.
	From the results obtained by the post hoc (LSD) test (Table 3), it is known that there is a significant difference between the positive control group and the negative control group p = 0.000 (p <0.05), and the treatment group with C. canephora bean extract concentration of 2.5% p = 0.001 (p <0.05) and the treatment group with C. canephora bean extract concentration of 5% p = 0.000 (p <0.05) in the migration of NIH 3T3 fibroblasts. There was also a significant difference between the negative control group and the treatment group with C. canephora bean extract with a concentration of 2.5% p = 0.008 (p <0.05) and the group with a concentration of 5% p = 0.038 (p <0, 05) in the migration of NIH 3T3 fibroblasts. And the results also obtained p = 0.446 (p> 0.05) which means there is no significant difference between the treatment group with 2.5% concentration of C. canephora bean extract and the 5% concentration group in the migration of NIH 3T3 fibroblasts.
Table 3. Post-hoc analysis (LSD) on NIH 3T3 fibroblast migration
	Dependent Variabel :  Migration	

	Group	
	Group	
	Sig.	

	Positive Control
	Negative Control
	.000

	
	2,5% Concentration
	.001

	
	5% Concentration
	.000

	Negative Control
	2,5% Concentration
	.008

	
	5% Concentration
	.038

	2,5% Concentration
	5% Concentration	
	.446 




Figure 3. Bar graph representing distance of NIH 3T3 fibroblast migration

The basic migration cycle includes expansion, formation of stable attachments, translocation of cells, release of adhesions and retraction in other parts of the cell. The purpose of this displacement is to bring the two sides of the open wound area together. The result of joining the two sides of the wound area, causing the formation of new connective tissue. The migration process also begins at the same time as fibroblast growth9.
The wound healing process is strongly influenced by the role of proliferation and migration of fibroblasts in the wound area10,11. The fibroblasts migrate to initiate the proliferation phase and deposit new extracellular matrices. The new collagen matrix is ​​then cross-linked and organized during the final phase of maturation9.
The ability of C. canephora to support the growth and accelerate the migration of fibroblasts caused by the contents which are alkaloids, saponins, flavonoids and phenolic compounds and chlorogenic acid. Saponins are substances that will activate the function of TGF-β, vascular endothelial growth factor (VEGF), epidermal growth factor (EGF) and FGF. TGF-β and FGF will stimulate fibroblast migration and proliferation2,12. Flavonoids also function to increase fibroblast activity and proliferation thus accelerating wound healing. Phenolic compounds function to decrease the inflammation expressed by decreasing TNF-α13.

Conclusion
	This study showed the 2.5% and 5% concentration of C. canephora bean extract are not toxic to NIH 3T3 fibroblasts because they do not inhibit the growth process of NIH 3T3 fibroblasts. The 2.5% and 5% concentration of C. canephora bean extract have the ability to accelerate the migration of 3T3 NIH fibroblasts.
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