Biocompatibility of Gallus domesticus Egg White Gel on Fibroblast Cells as Post-Tooth Extraction Medicament (In Vitro Study) 
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Abstract. Tooth extraction procedures have the potential to cause post-tooth extraction complications, such as slow wound healing and excessive bleeding. G. domesticus egg white gel is a drug that has anti-bleeding, anti-inflammatory, antibacterial, and collagen deposition stimulation mechanisms that can help the wound healing process. Dental materials, when applied to the body, must be biocompatible. Egg white gel has never been studied for its biocompatibility. This study aims to determine the biocompatibility of egg white gel compared to the positive control of egg white in vitro. This experimental laboratory study involved G. domesticus egg white gel and egg white divided into seven concentration series: 100 μg.mL-1, 50 μg.mL-1, 25 μg.mL-1, 12.5 μg.mL-1, 6.25 μg. μg.mL-1, 3.125 μg.mL-1, and 1.56 μg.mL-1. The materials were applied to vero fibroblast cells in 96-well plates and incubated for 24, 48, and 72 hours at 37°C, 5% CO2 humidity. Cell viability was measured by MTT assay, and its absorbance was then measured with a microplate reader at a wavelength of 595 nm. Viability was analyzed by simple linear regression against concentration to obtain the inhibitory concentration 50 (IC50). The IC50 of egg white gel and egg white obtained from the 72-hour incubation group was 190.0 μg.mL-1 and 541.4 μg.mL-1, respectively. The results of the 24-hour and 48-hour groups were excluded as they were invalid. Egg white gel has lower biocompatibility with fibroblast cells than egg white. 
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introduction
Tooth extraction is a tooth amputation procedure that involves manipulation of hard tissue (such as teeth and jawbone) and soft tissue (such as gingiva), which is not free from complications and risks. Various complications after tooth extraction that are most often complained of by patients are pain, bleeding, bruising, swelling, and infection. Damage to surrounding structures, oroantral communication, and damage to inferior dental nerves can also be complained of by patients [1]. It can cause the wound healing process after tooth extraction to be less than optimal and take a long time [2]. 
Egg white has a gel-like consistency, consisting mostly of 88% water, 10.82% crude protein, and small amounts of carbohydrates (0.85%), ash (0.42%), and fat (0.19%). A whole chicken egg weighing 60 g contains an average of 30 ml of egg white, which contains 110 mg/ml protein [3]. The protein in egg white consists of ovalbumin with the largest amount (54%), followed by ovotransferrin (12-13%), ovomucoid (11%), lysozyme (3.4-3.5%), ovomucin (1.5-3.55), ovomacroglobulin (0.5%), and avidin (0.05%) [4]. Egg white also contains various micronutrients such as vitamins (the highest content of vitamins B1, B6, B8, B9, B12, B2, B3, and B5), minerals (phosphorus, calcium, potassium, and sodium), and trace elements [3]. 
The wound-healing effect of egg white gel is supported by egg white nutrients in the form of functional, immunogenic, antibacterial, antiviral, and therapeutic effects. Collagen, as a component of granulation tissue and connective tissue, is composed of albumin contained in large quantities in egg white [5]. Collagen production activity by fibroblasts is stimulated by growth factors composed of amino acids contained in large quantities in egg white [6,7]. Increased monocyte and macrophage activity, cytotoxicity, stimulation of killer T cells, and increased macrophage activity in vitro are caused by the content of ovomucin, ovotransferrin, and lysozyme [8]. Immunogenic and antibacterial effects are caused by lysozyme, globulin G2 and G3, egg cell macroglobulin, and immunoglobulin Y [9]. The activity of osmotic pressure balance in blood plasma is influenced by albumin, which is the largest protein component in egg whites. Edema due to inflammation during wound healing can be suppressed due to osmotic balance [5]. 
Drug biocompatibility is one of the aspects that need to be considered in the field of dentistry [10]. A material is considered biocompatible if the material does not cause side effects to the body [11]. The biocompatibility of egg white gel is not yet known, so toxicity tests need to be carried out [6]. 
MATERIAL AND METHOD
Labeled white eggs were obtained from a local supermarket in Yogyakarta, Indonesia. This research method was an in vitro laboratory experiment using Vero fibroblast cell culture from the Parasitology Laboratory of Gadjah Mada University, Yogyakarta, Indonesia. The study was conducted at the Department of Medical Ethics, Faculty of Medicine and Health Sciences, Muhammadiyah University of Yogyakarta, Indonesia.
The MTT test was performed to measure the activity of an enzyme that reduces MTT and converts it into a formazan dye that produces a purple color. This application aims to assess cell viability. The cells were placed in a 96-well plate such that each well contained 8000 cells and 100 μL of material each. After 24 hours, the cells were exposed to egg white gel, and the concentrations used were 100 μg.mL-1, 50 μg.mL-1, 25 μg.mL-1, 12.5 μg.mL-1, 6.25 μg.mL-1, 3.125 μg.mL-1 and 1.56 μg.mL-1. The cells were incubated for 24 hours, 48 ​​hours, and 72 hours separately. The absorbance values ​​were determined using a Bio-Rad Benchmark® microplate reader, USA, at a wavelength of 595 nm, and cell viability was calculated using simple linear regression.
RESULT AND DISCUSSION
The percentage of fibroblast viability after 48 hours of incubation was the highest overall viability, followed by 72 hours and 24 hours of incubation. The percentage of fibroblast cell viability after 24 hours of incubation showed that the egg white group was more viable than the egg white gel group. Conversely, the egg white gel group showed greater viability than the egg white group during 48 and 72 hours of incubation, as seen in Table 1. 
Figure 1 shows the percentage of fibroblast viability compared to the treatment materials. After 24 hours of incubation, the percentage of viability of the egg white group was higher than that of the egg white gel group. The percentage of viability of the egg white gel group peaked at a concentration of 100 μg.L-1, and at lower concentrations, the percentage of viability decreased. The percentage of viability of the egg white group at 100 μg.L-1 had the lowest results and increased as the concentration decreased.
TABLE 1. Percentage of Fibroblast Cell Viability after Exposure to Egg White Gel and Egg White 
for 24 Hours, 48 ​​Hours, and 72 Hours  
	Viability (%)
	Concentration (μg.mL¯¹)

	
	100
	50
	25
	12,5
	6,25
	3.125
	1,56

	24 hours
	Egg white gel
	31.08
	62,96
	67,77
	75,59
	85,36
	86,93
	90,31

	
	
	
	
	
	
	
	
	

	
	Egg white
	156,86
	127,06
	102,80
	93,90
	91,60
	89,02
	90,81

	48 hours
	Egg white gel
	529,72
	428,51
	381,93
	345,38
	349,80
	371,89
	408,03

	
	Egg White
	205,22
	354,62
	323,29
	282,73
	130,52
	100,40
	31,33

	72 hours
	Egg white
	195,58
	279,42
	286,44
	273,27
	308,08
	343,65
	420,77

	
	Egg white
	76,73
	124,42
	234,23
	214,42
	69,81
	69,42
	67,31
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FIGURE 1. Fibroblast Viability Percentage to Egg White Gel and Egg White after 24-Hour Exposure  
The percentage of fibroblast viability against the treatment material with 48 hours of incubation can be seen in Figure 2. The percentage of viability of the egg white gel group is higher than the egg white group. The percentage of viability of the egg white gel group is highest at a concentration of 100 μg.L-1 and decreases at lower concentrations. Conversely, the percentage of viability of the egg white group is lowest at a concentration of 1.56 μg.L-1.
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FIGURE 2. Fibroblast Viability Percentage to Egg White Gel and Egg White after 48 Hours Exposure
The percentage of fibroblast viability against the treatment material with 72 hours of incubation can be seen in Figure 3. The percentage of viability of the egg white gel group is higher than the egg white group. The percentage of viability of the egg white gel group is highest at a concentration of 1.56 μg.L-1 and decreases with increasing concentration. The percentage of viability of the egg white group is lowest at a concentration of 1.56 μg.L-1.
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FIGURE 3. Fibroblast Viability Percentage to Egg White Gel and Egg White after 72 Hours Exposure 
Egg white gel must be biocompatible, that is, able to work according to the expected mechanism without causing harmful effects to the body, either locally or systemically [12]. The biocompatibility of egg white gel is expressed in IC50 measurements, which describe the toxicity of the material, measured based on the concentration that causes 50% cell death [13]. IC50 can be estimated from the percentage viability data set with a simple linear regression formula [14, 15]. The IC50 for egg white gel and egg white gel obtained from 72-hour incubation were obtained, namely 190.0 μg.mL-1 and 541.4 μg.mL-1, respectively. The IC50 value from 24-hour incubation was not included as it was negative and invalid, namely 77.697 μg.mL-1 and -55.067 μg.mL-1. In addition, the viability of 24-hour incubation should be higher than that of other incubations since it has the shortest exposure compared to other incubation groups. IC50 of 48-hour incubation is considered invalid as it shows a negative value, where the calculation results based on the linear regression formula are -189.856 μg.mL-1 and -83.991 μg.mL-1 for egg white gel and egg white, so we exclude data from these incubations. 
The gel preparation in egg white gel is made from the cross-linking of HPMC polymer. The active ingredients of egg white are retained in this three-dimensional structure, which allows for a gradual release profile [16]. It allows nutrients from the active components to be available for a longer time. In contrast, egg white does not have a retaining matrix like egg white gel, so nutrients and active substances can be released faster. It will encourage cell growth and have an impact on high fibroblast cell viability for the first 24 hours, but in the following hours, nutrient availability will decrease. The level of release of these active ingredients will decrease in the next 24 hours and will continue to decrease until the last day, which causes the viability of fibroblast cells to appear lower in the egg white treatment compared to the egg white gel treatment. 
The biocompatibility of egg white gel is lower than that of egg white due to the active ingredients and carriers contained in the medicament, namely, propylene glycol. Propylene glycol has been widely used as a humectant, solvent, and preservative in food, cosmetics, and medicines [17]. A study reported that this material can interfere with glucose absorption by lung epithelial cells. Glucose is a food needed for cell growth, so poor absorption will cause metabolic disorders in cells [18]. 
Fibroblast viability can be affected by MTT assay procedures, including cell number, MTT concentration, and culture media [19]. The number of cells must be taken into account, as excessive numbers will cause nutrients in the well-plate to be insufficient to support cell growth. Thus, cells will experience a nutritional crisis, which will ultimately result in cell death [20]. Cell population and density must be optimized before performing the MTT assay.
Egg white has low toxicity and has been used for various purposes: culinary, pharmaceutical, and biomaterial. Egg white has been used as a 3-dimensional cell culture medium, where this material is sufficient to support cell growth without the need for additional external nutrients. Egg white sponges combined with ethyl dimethylamine propyl carbodiimide (EDC) can support tissue growth as subcutaneous implants without causing a significant immune response [21]. Egg white is considered safe for consumption, but this material can also cause allergies. As many as 1.8-2% of toddlers suffer from egg white allergies, but this will gradually disappear with age. Ovalbumin, lysozyme, ovotransferin, and ovomucoid are allergens responsible for this incident. Egg white has antibacterial activity, especially against Gram-positive bacteria, which is supported by the presence of lysozyme and its physical and chemical properties: thick consistency and pH 7.8-9.5. However, consumers should be aware of the risk of Salmonella infection if consumed in an unsterile manner [3, 14]. 
conclusion 
This study can be concluded that egg white gel and egg white have IC50 concentrations of 190.0 μg.mL-1 and 541.4 μg.mL-1, respectively. Egg white gel has lower biocompatibility with fibroblast cells compared to egg white.  
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Fibroblast Viability to Egg White Gel and Egg White after 48-Hour Incubation

Gel Putih Telur	100	50	25	12.5	6.25	3.125	1.56	554.20168067226882	448.31932773109236	399.57983193277306	361.34453781512599	365.96638655462186	389.07563025210078	426.89075630252103	Putih Telur	100	50	25	12.5	6.25	3.125	1.56	214.70588235294116	371.00840336134451	327.98319327731087	295.79831932773106	136.55462184873949	105.04201680672267	32.773109243697476	Concentration (μg.mL-¹)


Viability (%)




Fibroblast Viability to Egg White Gel and Egg Whiteafter 72-Hour Incubation

Gel Putih Telur	100	50	25	12.5	6.25	3.125	1.56	202.99401197604791	290.0199600798403	297.30538922155688	283.63273453093808	319.7604790419162	356.68662674650699	425.74850299401197	Kontrol Putih Telur	100	50	25	12.5	6.25	3.125	1.56	79.640718562874241	129.14171656686625	243.11377245508982	222.55489021956089	71.856287425149688	71.407185628742511	69.860279441117754	Concentration (μg.mL-¹)


ViabilitY (%)




Fibroblast Viability to Egg White Gel and Egg White after 24-Hour Incubation

Gel Putih Telur	100	50	25	12.5	6.25	3.125	1.56	32.109751575824994	65.035224323322211	70.003707823507597	78.086763070077865	88.172043010752702	89.803485354097134	93.288839451242126	Putih Telur	100	50	25	12.5	6.25	3.125	1.56	162.03188728216537	131.25695216907673	106.19206525769374	96.99666295884316	94.623655913978496	91.954022988505741	93.807934742306259	Concentration (μg.mL-¹)


Viability (%)




