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					ABSTRACT  

					ARTICLE INFO  

					Aloe vera together with its Acemannan component has been shown to possess antimicrobial  

					activity against resistant microorganisms such as Enterococcus faecalis found in pulp chambers.  

					This study aimed to determine the biocompatibility of Acemannan as a root canal filler and its  

					antibacterial activity against Enterococcus faecalis. The study employed an experimental design  

					with a post-test-only control design. Acemannan paste was prepared from a mixture of Acemannan  

					powder and saline. The antibacterial activity of Acemannan paste was evaluated using the tube  

					dilution and streak plate methods. The biocampactibility of Acemannan paste as a root canal filler  

					was determined by evaluating its anti-inflammatory and cytotoxic activity in vivo by measuring  

					tumour necrosis factor-α (TNF-α) and Caspase-9 expressions in periapical tissues of the incisor  

					of Wistar rats following the administration of Acemannan paste for 7 days. Results showed that  

					Acemannan possess antibacterial activity against Enterococcus faecalis with minimum inhibitory  

					concentration (MIC) and minimum bactericidal concentration (MBC) of 300 μg/mL and 400  

					μg/mL, respectively. Acemannan paste exhibited potent anti-inflammatory and cytotoxic activity  

					against pathological cells by significantly (p < 0.05) decreasing TNF-α expression, and increasing  

					caspase-9 expression in periapical tissues of incisor teeth of Wistar rats. Findings from this study  

					indicate that Acemannan paste with its potent antibacterial, anti-inflammatory activities has  

					potential to be used as a root canal filler.  
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					Acemannan, a key component of Aloe vera, may support the formation  

					of dentin by promoting the proliferation and differentiation of primary  

					pulp cells, as well as facilitate the formation of extracellular matrix and  

					Introduction  

					The Aloe vera plant is commonly utilized for medicinal  

					purposes and as an ingredient in a variety of cosmetic products. The gel  

					derived from Aloe vera (a mucilaginous substance) is is widely  

					available in the market today. The pharmacological benefits of Aloe  

					vera encompass anti-inflammatory, anti-rheumatic, antibacterial, and  

					hypoglycemic properties. Aloe vera demonstrates antimicrobial activity  

					against resistant pathogens such as Enterococcus faecalis and Candida  

					albicans, which are present in the pulp chambers. Different extracts of  

					Aloe vera, including those made with water, alcohol, and chloroform,  

					also display antimicrobial activity and can serve as an intracanal  

					treatment. Aloe vera is composed of various active substances,  

					including anthraquinones, phenols, acemannan, and saponins, which  

					are recognized for their antibacterial properties.1,2 As a gel form, Aloe  

					vera can promote periodontal ligament tissue regeneration in post-  

					replantation avulsion teeth in vivo.3  

					mineralization.4 Aloe vera gel can enhance the levels of active  

					ingredients it contains, including sugars, which is made up of  

					monosaccharides and glucomannan, known as Acemannan.5  

					Acemannan represents the primary polysaccharides fraction derived  

					from Aloe vera gel. It can accelerate the wound healing process by  

					mobilizing macrophages, and promoting collagen synthesis.6  

					Acemannan stimulates the expression of bone morphogenetic protein-  

					2 (BMP-2) in periodontal tissue and pulp fibroblasts.7 Acemannan acts  

					as an immunomodulator by increasing the level of antibodies, it also act  

					as a special antiviral agent against tumor causing viruses.5 Acemannan  

					also exerts antibacterial effect indirectly by enhancing the phagocytic  

					activity of leukocytes.1 Studies have investigated the antibacterial  

					properties of Aloe vera extract against resistant antimicrobial strains in  

					endodontics in vitro.8 The findings indicated that Aloe vera extracts,  

					particularly the chloroform, and methanol extracts demonstrated  

					notable antimicrobial activity against resistant microorganisms, such as  

					Enterococcus faecalis present in pulp chambers.9 Findings from other  

					studies have indicated that Aloe vera polysaccharides (Acemannan)  

					with low levels of deacetylation possess strong antibiofilm properties.10  

					The primary factors contributing to diseases of the pulp and  

					periradicular tissues are closely linked to microorganisms.11 Root canal  

					therapy is the most frequently performed endodontic procedure for  

					addressing root canal infections resulting from persistent caries. The  

					primary objective of root canal therapy is to extract as many bacteria as  

					possible from the root canal and to establish an environment that is  

					unfavorable for any remaining microorganisms. Key phases of root  

					canal therapy include root canal preparation, sterilization, and  

					obturation. Effective root canal treatment relies on achieving a tight seal  

					through proper canal shaping and thorough irrigation.12 Enterococcus  

					faecalis a facultative anaerobe, is commonly associated with persistent  

					and symptom-free endodontic infections. In fact, this bacterium is  

					found in recurrent root canal infections up to nine times more often than  
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					in initial infections. The most reliable way to eliminate Enterococcus  

					faecalis from root canals and dentinal tubules is the use of sodium  

					hypochlorite and 2% chlorhexidine, either in gel or solution form.  

					Sodium hypochlorite is especially favored as an irrigant due to its strong  

					antibacterial action against canal microbes. However, it does have  

					drawbacks, including its toxicity and its potential to compromise tooth  

					structure by reducing the hardness and integrity of root dentin.10 Root  

					canal medicaments made from natural ingredients have been widely  

					developed due to the perception of their lower side effects compared to  

					synthetic agents.13 Acemannan has great potential as an alternative  

					antibacterial agent in root canal infection, owing to it safety, and  

					affordability. Acemannan exhibit a broad spectrum antibacterial  

					activity against both gram-positive and gram-negative bacteria.1 The  

					application of acemannan in paste form aims to increase the penetration  

					of its active ingredient into the dentin tubules, thereby increasing its  

					antimicrobial capacity, radiopacity, flow, and consistency.14 Based on  

					the above, there is the need for further research into the biocompatibility  

					of Acemannan paste as a root canal filling material against the  

					progression of Enterococcus faecalis bacteria in vivo.10  

					ATCC 29212 PK by gram staining and biochemical test (catalase and  

					oxidase tests).  

					Determination of antibacterial activity  

					The antibacterial activity of Acemannan paste against Enterococcus  

					faecalis was determined in vitro using the tube dilution and the streak  

					plate methods.10  

					In the preliminary susceptibility test, sterile tubes containing brain heart  

					infusion agar (BHIA) were inoculated with Enterococcus faecalis, and  

					the organism was treated with various concentrations (2000, 1000, 500,  

					250, and 125 μg/mL) of Acemannan paste. The tubes were incubated at  

					37oC for 24 h. The positive control used was 5.25% NaOCl and distilled  

					water was used as the negative control. Bacterial growth was  

					characterized by turbidity in the tube. In addition, inoculum in each tube  

					containing the organism and Acemannan at the various concentrations  

					were streaked on BHIA plates using a sterile loop. The plates were  

					cultured at 37oC for 24 h, after which the number of colony forming  

					unit were counted.  

					Determination of minimum inhibitory concentration (MIC) and  

					minimum bactericidal concentration (MBC)  

					Materials and Methods  

					The MIC and MBC were determined by tube dilution and the streak  

					plate methods, respectively. Based on the results obtained from the  

					preliminary microbial susceptibility test, Acemannan paste was further  

					prepared at concentrations of 200 μg/mL, 250 μg/mL, 300 μg/mL, 400  

					μg/mL, 500 μg/mL, and evaluated against the test bacterial  

					Enterococcus faecalis. Sodium hypochlorite (5.25%) and distilled  

					water were used as the positive and negative controls, respectively. The  

					MIC was determined qualitatively by observing the turbidity of each  

					bacterial culture tube containing the various concentrations of  

					Acemannan paste.  

					Furthermore, the minimum bactericidal concentration (MBC) was  

					determined by sub-culturing each tube on BHIA media. The  

					concentration that produced less than 0.1% of the number of colonies  

					contained in the original inoculum where no bacterial growth was  

					observed was regarded as the MBC.  

					Collection and preparation of Acemannan sample  

					Acemannan powder was obtained from the Pharmacy Laboratory of  

					Universitas Brawijaya, Malang, Indonesia. Acemannan paste was  

					prepared by mixing 0.5 g Acemannan powder (Oligotech Elicytil Co.  

					Ltd) and 0.75 mL of saline.  

					Animals  

					Wistar rats were obtained from the Animal House, Faculty of Dentistry,  

					University of Brawijaya, Malang, Indonesia. The animals were kept in  

					well-ventilated plastic cages (50 cm x 40 cm x 15 cm), and acclimatized  

					to the laboratory conditions for 3 days. They were maintained under  

					stable environmental conditions of 12 hours of light and 12 hours of  

					dark cycle, room temperature (27 - 28℃). The rats were fed with  

					standard rodent pellets and had access to drinking water drunk ad  

					libitum. The animal beddings were changed every two days.  

					Ethical approval  

					Enterococcus faecalis induction of the root canal  

					Ethical clearance with reference number: 110-KEP-UB.2020 was  

					granted by the Ethic Committee of Medical School Brawijaya  

					University. The experiment was performed at the Pharmacy Laboratory,  

					Pharmacology laboratory and Biomolecular laboratory, Faculty of  

					Medicine, Brawijaya University, Malang, Indonesia.  

					Enterococcus faecalis was induced into the incisor tooth root canal of  

					Wistar rats by injecting 10 μL of BHIA containing E. faecalis  

					ATCC212 (106 CFU) with a micropipette. Induction was carried out on  

					the first day, after which the root canal was filled with cavity and left  

					for 3 weeks. During the 3 weeks, periodic checks were carried out to  

					ensure that the cavity was still intact in the incisors. If the cavity was  

					loose, the bacteria were induced again and the canal closed with cavity.  

					Study design  

					This study used a post-test randomized controlled group design in rat  

					model. Twenty-four (24) Wistar rats were divided into three groups of  

					8 rats per group, consisting of a control group (K-), and two treatments  

					groups: MTA group (K(M), and Acemannan paste group (K(A)). MTA  

					is a mixture of paste with sterile water containing tricalcium silicate,  

					usually used as a filling material for dental root canals. The sample size  

					and replication (n) per treatment (t = 3) was determined using the  

					Federer's formula as shown below:  

					Determination of anti-inflammatory activity  

					The anti-inflammatory activity of Acemannan paste was determined in  

					vivo by assessing the expression of tumour necrosis factor-α (TNF-α) in  

					periapical tissues of the incisor teeth of Wistar rats. Wistar rats were  

					randomly divided into three groups; treatment (Acemannan paste),  

					positive (+) control (MTA), and negative (-) control (distilled water)  

					groups. Prior to treatment, the root canals of the incisor teeth of the rats  

					were infected with Enterococcus faecalis. After three weeks post-  

					infection (i.e., on the 22nd day), treatments (Acemannan paste and  

					MTA) were applied into the root canal of the infected teeth up to the  

					length of the incisor tooth canal. The experiment was divided into two  

					phases: Phase 1 (treatments were applied only on the first day (day 1  

					corresponding to 22nd day post-infection) and phase 2 (treatments were  

					applied for 7 days (from 22nd to 28th day post infection). On the 22nd and  

					28th days, the rats were decapitated under anesthesia (Diazepam 10  

					mg/kg BW administered intraperitoneally). Subsequently, the  

					t(n-1) >15  

					3n-1 > 15  

					3n > 15+1  

					3n ≥ 16  

					n ≥ 16/3 = 5.33 => 5 sample replications  

					Where:  

					t = Number of treatment groups  

					n = Number of repetitions required  

					To give room for attrition that would likely occur in the course of the  

					research, 8 replicates were used in each treatment group.  

					mandibular  

					bones  

					were  

					removed,  

					and  

					prepared  

					for  

					immunohistochemical staining for the determination of TNF-α  

					expression.  

					Determination of antibacterial activity  

					Microorganism  

					Typed culture of Enterococcus faecalis was obtained from the  

					Microbiology Research Laboratory, Faculty of Dentistry, Universitas  

					Airlangga. The organism was characterized as Enterococcus faecalis  

					Immunohistochemistry  

					Histological sections of the periapical tissues of the incisor teeth were  

					washed with phosphate buffered saline (PBS) three times for 5 minutes  

					each. Peroxidase blocking solution was added and left for 40 minutes,  
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					followed by 30 µL of serum and triton-100 detergent to keep the tissue  

					tension low, and the preparation was left for 30 minutes. Thereafter, the  

					tissue preparation was washed with PBS (3x for 5 minutes each). The  

					primary antibody was added to the preparation and incubated for 1 hour.  

					The preparation was washed with PBS (3x, 5 minutes), followed by  

					addition of the secondary antibody and incubation for 40 minutes. The  

					preparation was washed again with PBS (3x), then SA-HRP  

					(Streptavidin Conjugated with Horseradish Peroxidase) was added,  

					followed by incubation for another 40 minutes. The preparation was  

					washed with PBS (1x), then with distilled water until the SA-HRP was  

					completely removed. The preparation was incubated for 30 minutes,  

					then washed 3 times with PBS, followed by thorough washing with  

					distilled water until the tissue preparation was clean, after which it was  

					counter stained with Mayer Hematoxylin at pH 8. The preparation was  

					rinsed with distilled water, dried, and then covered with a stinging  

					cover. TNF-α expression marker characterized by brownish-red  

					flourescence were then observed under a microscope (OLYMPUS  

					digital microscope) at 40x, 100x, and 400x magnifications. The  

					expression level was assessed by manual counting of the brownish-red  

					flourescence for five field of view. Photographs were taken at the 400x  

					magnification.  

					Statistical analysis was performed using IBM SPSS Statistics version  

					27. Data were presented as the mean ± standard deviation (mean ± SD).  

					A normality test was conducted using the Shapiro-Wilk test. Levene's  

					test was used to assess data homogeneity. Differences between mean  

					values were determined using the one-way analysis of variance  

					(ANOVA) followed by Tukey’s post hoc test. The Pearson correlation  

					test was used to determine the strength of the relationship between the  

					duration of administration of Acemannan paste and TNF-α expression  

					in periapical tissue of rat teeth.  

					Results and Discussion  

					Antibacterial activity of Acemannan paste  

					Preliminary antibacterial activity test was conducted to determine the  

					concentration range of Acemannan paste that effectively inhibits the  

					growth of Enterococcus faecalis. The results as presented in Table 1  

					and Figure 1 indicated that Acemannan paste effectively inhibited the  

					growth of Enterococcus faecalis in a concentration-dependent manner,  

					with no growth observed at 2000 μg/mL, 1000 μg/mL, and 500 μg/mL,  

					while bacterial growth was observed at 250 μg/mL and 125 μg/mL.  

					For the MIC determination, the number of colony forming unit in each  

					tube were obtained as follows; 169.67 CFU/mL for the negative control,  

					72.00 CFU/mL at 200 μg/mL, 33.33 CFU/mL at 250 μg/mL, 10.67  

					CFU/mL at 300 μg/mL, and 0 CFU/mL at 400 μg/mL, 500 μg/mL, and  

					positive control (5.25% NaOCl). The 300 μg/mL Acemannan was  

					found to be the lowest concentration where no turbidity was observed  

					in the tube. Based on these results, 300 μg/mL of Acemannan paste was  

					regarded as the MIC (Figure 2). Subsequently, the minimum  

					bactericidal concentration (MBC) determination found 400 μg/mL of  

					Acemannan paste as the MBC (Figure 3).  

					Cytotoxicity test  

					The cytotoxicity of Acemannan paste was determined in vivo by  

					assessing the expression of caspase-9 (a protein that initiates the process  

					of intrinsic apoptosis) in periapical tissues of the incisor teeth of Wistar  

					rats. Caspase-9 expression level was evaluated following the same  

					protocol as explained above for TNF-α, but in this case using caspase-  

					9 antibodies.  

					The antimicrobial effect of Acemannan – a major polysaccharide of  

					Aloe vera has been confirmed in many studies. For example, findings  

					from a previous study showed that Acemannan has antibiofilm  

					potential, especially against gram-positive and gram-negative  

					bacteria.15 AVB5 an Acemannan polymer was found to kill biomass and  

					reduces microbial viability very effectively.15 In a previous study, it was  

					also found that Acemannan has a good effect as an antimicrobial  

					through its ability to stimulate phagocytosis and therefore suitable for  

					use as a therapeutic agent.16,17  

					Dental X-ray of lower incisor of Wistar rats  

					Three weeks post-bacterial induction of the root canal of incisor of  

					Wistar rats, a periapical radiographic X-ray was performed on one of  

					the experimental animals to ensure that the periapical lesion had  

					formed. Prior to periapical radiography, Wistar rats were anesthetized  

					by intraperitoneal injection of diazepam (10 mg/kg bw).  

					Statistical analysis  

					Table 1: Antibacterial activity of Acemannan paste against Enterococcus faecalis  

					Concentration (µg/mL)  

					Number of colonies  

					II  

					Total  

					Average  

					I

					III  

					200  

					250  

					66  

					72  

					33  

					10  

					0

					78  

					216  

					100  

					32  

					0

					72.00  

					33.33  

					10.67  

					0

					31  

					10  

					0

					36  

					12  

					0

					300  

					400  

					500  

					0

					0

					0

					0

					0

					Control (+)  

					Control (-)  

					0

					0

					0

					0

					0

					174  

					164  

					171  

					509  

					169.67  

					Control (+) = NaOCl (5.25%), Control (-) = Distilled water  
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					manifest after pulp infection.19 After the histological examination,  

					periapical radiographic photos were taken, but the expected x-ray  

					results were not obtained because of the difficulty associated with  

					taking radiographic photos of the jaws of small animals like rats. The  

					results of this study are supported by the findings from a previous study  

					that showed that paste treatment gradually decreased the release of  

					lymphocytes and macrophages from day 1 to day 7 post treatment.20  

					Lymphocytes and macrophages released the most inflammatory  

					cytokines from infected or injured cells.21 The release of cytokines by  

					injured cells triggers an acute inflammatory reaction.21 Key cytokines  

					produced by the innate immune system during this response include  

					TNF-α, IL-1, and IL-6, all of which are involved in promoting acute  

					inflammation. Additionally, TNF-α plays the most significant role in  

					this process due to its constitutive nature.22 TNF-α produced by  

					lymphocytes in an inflammatory reaction serves as a crucial signalling  

					molecule between cells forming a communication network in an  

					immune response. These cytokines affect inflammation and immunity  

					through the regulation of growth, mobility and differentiation of  

					leukocytes and other types of cells.22 TNF-α can increase levels of  

					inducible Nitric Oxide Synthase (iNOS), an increase in iNOS is  

					followed by the formation of Nitric Oxide (NO), so that an excessive  

					levels of TNF-α will results in excessive NO secretion as well, resulting  

					in septic shock, and damage to various organs. Thus, TNF-α levels  

					indicate the degree of inflammation, higher TNF-α levels correspond to  

					more severe inflammation, while lower levels suggest milder  

					inflammation and a faster healing process.15 Based on the results of the  

					present study, TNF-α expression on the 1st and 7th day after treatment  

					was lowest in the Acemannan paste group on day 7 and highest in the  

					negative control (untreated) group on day 7.  

					Figure 1: Bacterial colony growth inhibition with Acemannan  

					paste  

					In the present study, Acemannan paste was found suitable for use as a  

					root canal filling paste due to its bactericidal effect againstEnterococcus  

					faecalis, which is the main cause of root canal treatment failure.18  

					500µg/ml 400µg/ml 300µg/ml  

					250µg/ml  

					Kontrol (-)  

					200µg/ml  

					Kontrol (+)  

					Figure 2: Minimum inhibitory concentration (MIC) of  

					Acemannan paste from tube dilution  

					Anti-inflammatory activity of Acemannan paste  

					The mean TNF-α expression in the negative control, positive control  

					(MTA), and Acemannan treatment groups are shown in Figure 4. From  

					the results, there were significant differences (p < 0.05) in the  

					expression levels of TNF-α among the various groups on day 1 and day  

					7 after the insertion into the root canal of the incisor teeth of rats. The  

					lowest average amount of TNF-α on day 1 was found in the Acemannan  

					paste treatment group K(A)1 with a mean TNF-α expression level of  

					8.27. The MTA group K(M)1 showed a mean TNF-α expression level  

					of 8.85, while the negative control group K(-)1 exhibited the highest  

					TNF-α expression with a mean expression level of 10.40. Similarly, the  

					average amount of TNF-α expression on day 7 was found to be lowest  

					in the Acemannan paste treatment group with a mean expression of  

					6.80, this was closely followed by the MTA paste group with a mean  

					expression of 7.47, and finally the negative control group exhibited the  

					highest TNF-α expression with expression level of 17.60.  

					Figure 3: Minimum bactericidal concentration (MBC) of  

					Acemannan paste from streak plate method  

					The reduced expression of TNF-α by Acemannan paste treatment can  

					be attributed to its anti-inflammatory properties.23 Acemannan as an  

					active anti-inflammatory substance in aloe vera play a role in wound  

					healing by inhibiting the activity of macrophages in the inflammatory  

					phase, causing a decrease in TNF-α expression. The group treated with  

					MTA paste also showed a low average expression of TNF-α, this is  

					because MTA containing hydroxyapatite has  

					a

					good immune  

					suppressive response during the inflammatory process by decreasing  

					the expression of TNF-α.20  

					The inflammatory response remains essential in the healing process, as  

					it represents a complex biological reaction of blood vessel tissues to  

					harmful stimuli, including pathogens, damaged cells, or irritants.  

					Without the healing process, wounds and infections can result in  

					continued tissue damage.24 Inflammation is a manifestation of an  

					immune response to eliminate antigens from the body.25 From the  

					results of the present study, it can be concluded that MTA paste and  

					Acemannan paste are potent ingredients that can be used to accelerate  

					wound healing.  

					The above results were supported by histological findings, where  

					significant differences were observed in the number of blood vessels  

					count on days 1 and 7 between the negative control group and the  

					intervention groups (Acemannan and MTA treatment groups) (Figure  

					5). Histological examination revealed that all treatment groups given  

					Acemannan paste and MTA experienced a decrease in TNF-α  

					expressions on days 1 and 7 compared to the negative control group. In  

					this study, the choice of treatment for 3 weeks was from the knowledge  

					that it takes approximately 3 weeks for periapical abnormalities to  
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					of Songsiripradubboon et al. 26 which found that Acemannan, a polymer  

					extracted from the aloe vera plant, can kill colon cancer cells without  

					attacking normal cells by releasing cytochrome c that initiates the  

					caspase reaction.26 Therefore, polysaccharides such as Acemannan are  

					being widely researched in the medical world for their ability to kill  

					pathological cells without serious side effects as well as having low  

					toxicity to normal cells. In dentistry, Enterococcus faecalis is one of the  

					main causes of root canal failure, due to several virulence factors that  

					make the bacteria resistant in root canals.18 It has been found that  

					Enterococcus faecalis can prevent the process of apoptosis that occurs  

					in host cells (mouse macrophages) by inhibiting the activation process  

					of caspase-9.27  

					Figure 4: Effect of Acemannan paste on TNF-α expression in  

					mandibular tissues in Wistar rats  

					Cytotoxicity of Acemannan paste  

					The cytotoxicity of Acemannan paste was evaluated by assessing  

					caspase-9 expressing levels in rats’ mandibular tissues. The purpose of  

					this study was to determine the effect of Acemannan paste on caspase-  

					9 expression in the incisor teeth of Wistar rats that had been infected  

					with Enterococcus faecalis bacteria. Figure 6 shows the mean  

					expression of caspase-9 in the negative control, positive control, and  

					Acemannan treatment groups. The lowest average amount of caspase-9  

					on day 1 was found in the negative control group with a mean caspase-  

					9 expression of 10.8 followed by the MTA paste group with a mean  

					caspase-9 expression of 52.2, while the highest average amount of  

					caspase-9 was found in the Acemannan treatment group with an  

					expression value of 77.07. The expression levels of caspase-9 on day 7  

					followed a similar trend as that observed on day 1, with the lowest  

					average caspase-9 expression found in the negative control group with  

					a mean value of 8.4, followed by the MTA paste group, with a mean  

					value of 45.07, and the highest expression level was found in the  

					Acemannan treatment group with an average expression value of  

					135.93.  

					Figure 6: Effect of Acemannan paste on Caspase-9 expression  

					in mandibular tissues in Wistar rats  

					C

					B

					B

					A

					A

					B

					C

					A

					C

					Figure 7: Photomicrographs of pulp and periapical tissue of rat  

					teeth showing Caspase-9 expression on days 1 and 7 in one  

					field of view at 400x magnification (A) Acemannan treated  

					group; (B) MTA treated group (positive control); (C) Negative  

					control group  

					A

					B

					C

					Figure 5: Photomicrographs of pulp and periapical tissue of rat  

					teeth showing TNF-α expression on days 1 and 7 in one field of  

					view at 400x magnification (A) Acemannan treated group; (B)  

					MTA treated group (positive control); (C) Negative control  

					group  

					Caspase-9 itself is a biomarker that indicates that cells have gone into  

					the apoptotic pathway. When caspase-9 is activated, it is an indication  

					that the process of cell damage or apoptosis has occurred. Therefore,  

					higher number of caspase-9 indicates that more cells infected with  

					Enterococcus faecalis are undergoing apoptosis.27 These results are in  

					line with the findings from the study of Chou et al.28 that states that  

					Acemannan can cause the release of cytochrome-c, which initiates the  

					caspase reaction.  

					The above results were corroborated by the histological findings, where  

					significant differences were observed in the of stained cells showing  

					caspase-9 expression on days 1 and 7 between the negative control  

					group and the treatment (MTA and Acemannan) groups (Figure 7).  

					Acemannan is a compound with many benefits. According to Yuli et  

					al.,3 active substances from aloe vera can attack pathological cells such  

					as cancer cells without affecting normal cells. This is supported by work  
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