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Abstract:  

Objective: The overall goal of this work is to understand the potential role of platelet 

rich plasma in regenerative endodontic therapy. 

Materials and methods: Human platelet lysate (HPL) commercially obtained was used 

as a source of human growth factors present in concentrated platelet enriched plasma.  

HPL at various concentrations (10-100%) was mixed with ProRoot MTA and in vitro 

studies were conducted to test the effects of the HPL addition. In these in vitro studies 

biocompatibility of human osteoblastic cells (HOBs) was evaluated with a 

spectrophotometric MTT assay that measures cellular mitochondrial activity as well as 

with a differentiation assay that measures alkaline phosphatase (ALP) activity. Cells 

were studied either in the presence of the MTA loaded with the HPL or with 

“conditioned” media that represents media that was first incubated with the loaded MTA 

without cells and should be reflective of a growth factor enriched medium due to the 

release of the factors present in HPL that are released from the MTA. Controls in all 

these experiments were obtained from ProRoot MTA mixed with distilled water in an 

identical proportion as the HPL loaded MTA samples. In some experiments ProRoot 

MTA was mixed with bovine serum albumin at various concentrations in order to further 

quantify the amount of protein that can be released from MTA under the incubation 

conditions employed in the HPL experiments. Setting times of the various MTA 

preparations were assessed with a Gillmore apparatus.  

 

Statistical analysis: Data were analyzed by ANOVA; p<0.05 was used as a 

significance level. 
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Results:  HPL at concentrations of 10 and 50% in the standard MEM culture medium 

did result in significant increases (compared to standard MEM medium with no added  

HPL) in MTT activity of HOB cells. However, when HPL was added to the ProRoot 

MTA, there were no significant differences in HOB cell activity or ALP activity compared 

to cells incubated with ProRoot MTA mixed with distilled water. The results were the 

same whether the cells were incubated directly with the HPL-loaded MTA samples or 

with “conditioned” media obtained from the HPL-loaded MTA samples.  

Spectrophotometric measurements of protein released from HPL loaded MTA samples 

revealed lack of delectable amounts except with samples loaded with 100% HPL after a 

7-day incubation period. Similar data were obtained when MTA was loaded with bovine 

serum albumin (BSA) as a control protein. In these experiments with BSA, it appeared 

that the amount of protein released with loads (40 and 400 mg/ml) increased over a 14-

day period of incubation. The addition of HPL did not affect the setting times of ProRoot 

MTA although the initial setting time for MTA mixed with 400 mg/ml BSA was the 

shortest. On the other hand, MTA mixed with 40 mg/m BSA had the longest initial and 

final sitting time.  

 

Conclusion: Gray ProRoot MTA Root Canal Repair Material is biocompatible in direct 

incubations with human osteoblastic cells. Under the standard growth conditions tested 

here, addition of HPL did not significantly affect the cellular responses to the MTA. Both 

time and concentration may affect the protein release from MTA. Further studies should 

be conducted to evaluate potential effects of MTA mixed with HPL under different cell 

growth conditions.  
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Introduction: 

Endodontics, according to American Association of Endodontics (AAE), is defined as “a 

branch of dentistry concerned with the morphology, physiology and pathology of the 

human dental pulp and periradicular tissues. Its study and practice encompass the 

basic and clinical sciences including the biology of the normal pulp and the etiology, 

diagnosis, prevention and treatment of diseases and injuries of the pulp and associated 

periradicular conditions.” (1). 

 

Multiple studies were conducted to investigate the etiology of pulpal disease. Kakehashi 

et al found that the microorganisms from the oral flora are the causative agents of the 

pulpal disease (2). Subsequently, more articles were published regarding the specific 

types of bacteria that are involved in pulp infection and subsequently periapical 

inflammation. The root canal infection is primarily caused by facultative anaerobes 

followed by obligate anaerobes (3).  In addition, Fabricius et al found that more 

facultative anaerobic bacteria are present at 7 days. After 90 days, 85% of the bacteria 

in the apical part of the root canal are strict anaerobes (4). 

 

Treatments of necrotic pulp include: non-surgical root canal treatment, surgical root 

canal treatment or extraction. The success and the survival rate of non-surgical root 

canal treatment is favorable. Salehrabi and Rotstein investigated the survival rate of 

non-surgical root canal treatment. They used an insurance database of 1,126,288 
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patients with 1,462,936 teeth. The survival rate is 97% for initial root canal treatment (5). 

Another study reported 92.9% survival rate after 5 years (6). 

 

Many factors affect the initial root canal outcome such as pulp necrosis, periapical 

lesion, coronal restoration, size of apical preparation, the presence of sinus tract, type of 

tooth, and tooth anatomy (7-12). One of the most important factors for successful root 

canal treatment is the apical seal (root end seal (13). However, root canal treatment is 

not always applicable especially in cases with open apex (opened root end). When the 

root gets necrotized before root completion, the odontoblasts will be destroyed and this 

results in an open root end. Subsequently, both chemo-mechanical material and 

obturation material cannot be kept inside the root canal (14). In this situation, 

apexification, or pulp regeneration are mandatory in order to have a good apical seal.  

 

Apexification is a method to induce a calcified barrier in a root with an open apex or the 

continued apical development of an incompletely formed root in teeth with necrotic pulp 

(1). Calcium hydroxide (Ca(OH)2) and MTA are the most common materials that are 

used for apexification. In a study that examined the success rate of Ca(OH)2, the 

healing percentage of teeth that were treated in one visit was 93.5% and for those 

treated in 2 visits it was 90.5% (15). Regarding the use of MTA as an apical plug, Mente 

et al in a retrospective study of 56 teeth found that the healing percentage is 84% (16). 

All of the cases without periapical radiolucency at the time of treatment healed. On the 

other hand, 74% of the cases with periapical radiolucency were healed (8). The success 

rate of MTA and Ca(OH)2 is comparable but the MTA needs less time (17). In general, 



 3 

the overall survival rate of such procedure is 97.1% and the success rate is 94.6% (18). 

However, apexification treatment is limited by its inability to increase root thickness. 

Consequently, these teeth are more susceptible to fracture (19).  

On the other hand, regenerative endodontics is “biologically based procedures designed 

to physiologically replace damaged tooth structures including dentin and root structures, 

as well as cells of the pulp-dentin complex” (1). There are two different techniques that 

utilize stem cells. The first technique is cell homing which is more popular presently. It is 

recruitment of the cells from the tooth or the tissue around it. This technique has many 

challenges such as the number of cells that are available. Additionally, studies showed 

that the tissue that forms inside the root is bone/cementum tissue instead of dentine 

tissue (20, 21).  

Three factors necessary for tissue engineering to occur are: stem cells, growth factors, 

and scaffold (22). The stem cells are either cell homing or cell based. The cell homing is 

the procedure that recruits cells from the tooth or the adjacent tissue. The cells in this 

technique come from pulp, apical papilla, periodontium, and/or bone. The cell-based 

method relies on extracting the cells and treating them in the lab before injecting them 

inside the tooth. 

 

Regarding scaffolds, there are three main types of scaffolds that are being used in 

regenerative endodontics. These include:  blood clot, platelet-rich plasma (PRP), and 

plasma-rich fibrin (PRF). Torabinejad et al (23) compared using blood and PRP in 

regeneration cases. Histologically, there was no significant difference in the hard tissue 
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that formed.  PRP showed no superiority in new tissue formation compared with 

inducement of a blood clot (24). In an outcome study of 20 necrotic teeth treated for 

pulp regeneration using blood clot or PRP there were no significant differences between 

the use of PRP or blood clot (25).  

 

There are four results that should be achieved to consider any pulp regeneration 

successful. First, elimination and/or preventing periodontal disease is the most 

important objective in all the types of endodontic treatments. Additionally, the root 

should increase in thickness, increase in length, and have apical closure. The studies 

that measured the outcome used different success criteria. Also, the follow up time, type 

of x-ray used and the pre-operative tooth diagnosis affect the success rate. Additionally, 

most studies are case reports or case series. Therefore, the reported outcome has a 

wide range of criteria. Bukhari et al reported 75% healed completely, 10.7% failed and 

14% presented with incomplete healing (26). Alobaid et al reported 97% survival rate 

and 87% success rate (27). In a review with meta-analysis the pooled success rates of 

pulp regeneration were 91.3% and the survival rate was 87.8% (10). 

 

The protocol of the American Association of Endodontic (AAE) for pulp regeneration 

aims to disinfect the root canal, increase the growth factor concentration, save and 

increase the amount of stem cells, and coronal seal. In the first visit, the caries must be 

removed, irrigated with 1.5% sodium hypochlorite (NaOCl) followed by 17% 

Ethylenediaminetetraacetic acid (EDTA) before use of the intracanal medication. In the 

next visit, intracanal dressing must be removed using 17% EDTA. Then, the bleeding 
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must be initiated by over-instrumentation. Finally, there must be placement of a 

biocompatible coronal restoration.  

 

Mineral Trioxide Aggregate (MTA) is one of the dental materials that is used because of 

its properties. MTA was first introduced in the endodontic field by Mahmoud Torabinejad 

at Loma Linda University in 1993. ProRoot® MTA consists of 75% Portland cement, 

20% bismuth oxide and 5% calcium sulfate. Portland cement includes tricalcium silicate, 

dicalcium silicate, tricalcium aluminate, tetracalcium aluminoferrite, calcium sulfate 

dehydrate and bismuth oxide and hydrophilic fine particles that set in the presence of 

moisture (28, 29). It was first developed as a dental root repair material. Later, this 

material has been used in different situations such as root end surgery, direct pulp 

capping, and in pulp regeneration. Several studies have shown that MTA has better 

sealing ability, is biocompatible, and promotes tissue regeneration when it is used in 

contact with PDL or pulp tissue such as in direct pulp capping (30-36). The main 

disadvantage of gray ProRoot MTA is discoloration (37, 38). Therefore, multiple 

Portland cement base materials were invented such as white MTA. Yet, white MTA may 

cause tooth discoloration especially in contact with blood (39, 40). 

 

Platelet-rich plasma (PRP) is useful in tissue engineering and regenerative medicine. 

Multiple reasons make PRP a perfect material to be used in regeneration. First of all, it 

has many growth factors such as platelet-derived growth factor (PDGF), transforming 

growth factor (TGF), platelet factor interleukin (IL), platelet-derived angiogenesis factor 

(PDAF), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), 
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insulin-like growth factor IGF and fibronectin (41). Furthermore, it has multiple 

coagulation factors (42). An in vivo study showed that PRP increases mesenchymal 

stem cells expansion compared to fetal calf serum (FCS) (43). However, most of the 

clinical studies that tested PRP are limited to case series and a few controlled studies 

(44). 

 
 
Human Platelet Lysate (HPL) is a derived cell culture growth supplement. It is obtained 

from human blood platelets after freezing and thawing. It has many growth factors and 

cytokines that are necessary for cell growth. Studies showed that HPL can replace fetal 

bovine serum (FBS) in human cell propagation for tissue engineering (45). 

 

Dental pulp stem cells (DPSC) were evaluated when they are exposed to HPL. DPSC 

cultured with i HPL showed increased cellular proliferation compared to cells expanded 

in FBS (46, 47). The HPL concentration also is very important. Chen et al showed 5% 

HPL significantly increased cells proliferation. On the other hand, 10% HPL has a 

negative effect. Additionally, 5% HPL resulted in highly mineralized differentiation (47).  

 

NanoCalcium Sulfate is a Biocompatible scaffold material with improved physical 

properties (48) . Barone et al (49) mixed HPL with NanoCalcium Sulfate. Their MTT 

essay’s results showed that the NanoCalcium Sulfate mixed with HPL resulted in 

significantly higher cell activity of HOBs compared to NanoCalcium Sulfate without HPL. 

This study also showed that PDGF, one of the major growth factors present in HPL, can 

be released in a timely manner by the NanoCalcium Sulfate. 
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Aim of the study: 

There appear to be no published studies on the incorporation of regenerative platelet 

derived proteins with MTA. Therefore, the first aim of this study was to study the effects 

of MTA mixed with HPL on cell activity and differentiation of human osteoblastic cells. 

The second aim was to investigate the kinetics of the release of the regenerative 

proteins from MTA.  In this aim, bovine serum albumin was used in some of the studies 

as a prototype of regenerative proteins in addition to HPL itself.  

 

 

 

NULL HYPOTHESIS:  

No differences in osteoblastic cell activity/differentiation are present between gray 

ProRoot® MTA mixed with HPL, albumin and gray ProRoot® MTA mixed with distilled 

water.  Measurable amounts of protein cannot be released from MTA mixed with 

clinically relevant amounts of protein.  
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Materials and Methods: 

Cell Culture: 

Human osteoblastic cells were obtained from a commercial supplier (ScienCell, CA) 

They have originated from adult calvarial bone and have been characterized by the 

supplier as osteoblastic based on high alkaline phosphatase activity and ability to 

mineralize in vitro.  In our laboratory, the cells were maintained in sterile culture with α-

minimum essential medium (α-MEM) (GIBCO, Life Technologies) containing 5% heat-

inactivated serum (Neuromics, MN) at 37C with 5% CO2. Fourth to ninth passaged cells 

were employed in this study. 

Experiments:  

1. Evaluation of HPL effect on the cells (Figure 1): 

The HBOs that were cultured in MEM were divided into 3 tubes. Each tube 

contains 1ml of MEM and HBOs. The tubes were centrifuged and the MEM was 

removed without touching the cells. In the first tube, 0.5 ml HPL and 0.5ml MEM 

was added and mixed with a pipette to make the sample homogenous. In the 

second tube, 0.1ml HPL and 0.9ml MEM were added and also mixed with 

pipette. In the third tube, 1ml MEM was added and mixed with a pipette. This 

protocol resulted in 3 test groups (10% HPL, 50% HPL, and one control with just 

MEM). 200μl samples of each group were placed in a 96 well plate. The plate 

was incubated for 2 days at 37C. The MTT assay was conducted. 

MTT cell activity assay: 

After 2 days of incubation as described above, the MEM was removed from each 

well. 20μl of MTT reagent (Sigma, MO) and 200μl clear (without phenol red) 
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medium were added. Then, aluminum foil was used to cover the plate to reduce 

the light exposure. The plate was incubated for 2-4 hours. After clear medium 

and MTT reagent were removed, 200μl DMSO detergent was added and 

incubated for 10 minutes. The detergent mixtures were transferred to mini tubes 

and centrifuged for 5 minutes. The top 100μl was transferred to a new 96 tissue 

culture well plate. Finally, the absorbance reading was obtained by 

spectrophotometry at 450 nm wavelength.  
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Group A 

50% MEM+50% HPL 

Cells (HBOs) 

Group B 

90% MEM+10% HPL 
 

Cells (HBOs) 

Only MEM 
 

Cells (HBOs) 

Group C 

 
Figure 1: after centrifuge the cells, MEM was removed and different HPL concentrations were added with MEM to 

the cells in tubes. Then, we mixed the cells with medium by the pipette tip until they became homogenous. 
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2. Comparisons were made between MTA mixed with distilled water and MTA 

mixed with HPL: 

Under a laminar flow hood to provide aseptic conditions, ProRoot® gray MTA 

(GMTA; Dentsply Endodontics, Tulsa, OK) was mixed with distilled water 

according to manufacturers’ instructions (3:1 powder: liquid ratio) and ProRoot 

MTA was also mixed with 100% concentration HPL (Zen-Bio) (3:1 powder: liquid 

ratio). The mixture was created using a cement spatula and glass slab to make a 

thick mix that was carried with the spatula to the casts. A small amalgam plugger 

was used to condense materials into casts of polyvinyl siloxanes (PVS). seven 

half spheres of 5 mm in diameter of each mixture were obtained. The samples 

were incubated in 100% humidity at 37°C for 48 hours to insure their setting. 

After 2 days, MTA pellets were placed in 96 wells plates with sterile forceps. 

Human osteoblastic cells (HOBs) were isolated from the culture flask, and 10% 

(FCS/α-MEM) was used for dilution. 200μl of this dilution was seeded in 96 well 

tissue culture plates in order to have a concentration of 200,000 cells/ml or 

40,000 cells/well. Cells were seeded over the MTA and without it for the control 

group. Plates were placed in the incubator at 37°C and 5% CO2 for 2 days for 

MTT and 3 days for Alkaline Phosphatase (ALP).  Each experiment was 

repeated three times. 

The MTT assay was conducted following the same steps described above.  

Alkaline Phosphatase (ALP) Assay: 

After 3 days of incubation with the MTA pellets as described above, ALP activity 

was performed using the following protocol. The medium was removed from all 
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wells and 200μl of 1% Triton-X-100 was added into each well. The plate was 

then placed in the refrigerator at 4°C for 1 hour to allow cell lysis. Then, 50μl of p-

nitrophenol phosphate solution (Sigma) was added in each well followed by 50μl 

of 2-amino-2-methyl-1-propanol buffer (Sigma) and incubated for 1 hour at 37°C. 

In order to stop the alkaline phosphatase reaction, 50μl of 0.5M NaOH was 

added into each well. The absorbance was read by spectrophotometry at 405nm 

wavelength.  

3. Evaluation of the effect of different MTA mixtures: (Figure 2) 

The cements were mixed following the same protocol as mentioned in the 

previous experiment. Two concentrations of HPL were mixed with MTA:  

A. 100% Concentration HPL. 

B. 50% Concentration HPL. 

For the experiment that used 100% concentration HPL, ProRoot® gray MTA 

was mixed with distilled water and 100% concentration HPL. The materials 

were placed into polyvinyl siloxanes (PVS) casts. Only one-half sphere of 5 

mm in diameter of each mixture were obtained. To insure MTA setting, they 

were incubated for 2 days. Then, 3 tubes were filled with 2ml MEM. 

Subsequently, MTA pellets (MTA that was mixed with 100% HPL and with 

distilled water) were placed in different tubes. At the same day, HBOs were 

added into 96 well plate with normal MEM. All the tubes and the 96 well plate 

were incubated for 2 days. After 2 days, the MEM in the 96 well plate was 

replaced by 200 μl of the medium which was incubated with MTA. Regarding 

the control group, normal fresh MEM was used. Therefore, we had 3 groups 
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at this experiment: control group that has no MTA, medium that extracted 

from the tube which has MTA mixed with distilled water, and medium from the 

tube that has MTA mixed with 100% HPL. The 96 well plate was incubated 

again for 2 days. After 2 days, the MTT assay was conducted following the 

same protocol as in the previous experiment. After 3 days of incubation at 

37C, ALP also was tested using the protocol that was used in the previous 

experiment.  

For the experiment that used 50% concentration HPL, MTA was mixed with 

distilled water for group 2 and MTA was mixed with 50% concentration HPL 

for group 3. Group 1 is the control group. The same protocol and tests were 

done as the first set of experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

MTA pellet (MTA+ distilled water for 
group 2 and MTA+ HPL for group 3) 

2 ml MEM 

Figure 2 explains the material and method for the second experiment. The pellets were 

incubated for 2 days at 37C and 200 μl of MEM was used in the experiments with HOBs. 
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4. Measurement of the coated ProRoot® gray MTA with HPL: 

The ProRoot® gray MTA was mixed using distilled water (1:3 powder: liquid 

ratio) for both experimental groups using the same steps as described above. 12 

MTA pellets were obtained. After two days, these MTA pellets were dipped in 

50μl of distilled water, 100 % HPL concentration, or in 50% HPL concentration for 

1 hour. The MTA pellets were then placed in a 96 well plate and HBOs were 

added. For the control group, HBOs without MTA were used. The plate was 

incubated for 2 days at 37C. 

5. HPL standard curve and protein release: 

For the HPL standard curve, 100%, 50%, and 25% concentrations of HPL and 

one negative group was added into the 96 well plate. The 96 well plate was 

divided to 2 sides. The right side, MEM was added to the different concentrations 

of HPL. In the left side, PBS was used instead of MEM. The plate was read in the 

same day using spectrophotometry at 300nm.  

For protein release, MTA was mixed with 100%, 50%, 25% concentration HPL, 

and with distilled water following the same protocol as mentioned before. They 

were then incubated for 2 days at 37C.Tthe MTA pellets were then put in 96 well 

plate and 200μl PBS was added. The samples were incubated. After 2,5, and 7 

days, spectrophotometry at 300 nm was used to obtain the absorbances of the 

samples. 
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6. Standard curve and evaluation of protein releasing from MTA that was mixed 

with different concentrations of bovine serum albumin: 

Albumin solutions were made with phosphate-buffered saline (PBS). The highest 

concentration that was used in this study was 400mg/ml. Before evaluation of the 

protein release, a standard curve was generated. Then, MTA was mixed with 

distilled water, 400mg/ml, 40mg/ml, 4mg/ml, 0.4mg/ml, and 0.04mg/ml 

concentration of albumin. Three MTA half spheres samples were obtained for 

each group. The samples were incubated for 2 days at 37C to insure their 

setting. Then, MTA pellets were inserted in 96 well plate and 200μl PBS were 

added. The samples were then incubated. A spectrophotometer was used to 

read the sample at 300 nm after 1 day, 3 days, 7 days, and 14 days.  

7. Initial and final setting:  

Five different MTA mixtures were tested:  

a. MTA mixed with distilled water 

b. MTA mixed with 100% HPL concentration 

c. MTA mixed with 50% HPL concentration 

d. MTA mixed with 400 mg/ml bovine serum albumin 

e. MTA mixed with 40 mg/ml bovine serum albumin 

The sitting time was measured by a Gillmore Apparatus (Figure 3). MTA in each 

group was mixed with 3:1 powder liquid ratio. The mixing time was 3 minutes ± 

30 seconds. 4 samples of each groups were created and placed in a plexiglass 

well holder with 10 mm internal diameter for each sample. The MTA samples 
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were tested first with the 1/4 lb. needle to test the initial setting time. The needle 

was placed on the surface of the MTA for 10 seconds. The needle was lowered 

every 2 minutes until no mark is visualized on the surface of the MTA. Then, the 

1 lb. needle was lowered every 5 minutes until no indentation is detected to 

measure the final sitting time. 

  

 

Figure 3: Gillmore Apparatus includes two stainless steel needles with flat end. 

The first needle is 1/12” (2.12mm) dia. 1/4 lb. (113g) wight. The second one is 

1/24” (1.06mm) dia. 1lb (453.6g) weight for final set. 
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Results: 

1. Evaluation of HPL effect on HOB cells: 

Both groups with HPL were significantly higher than the group with only MEM. 

Cells incubated with 10% HPL had higher levels than those with 50% HPL but 

they were not significant differences between the two HPL groups (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 :  MTT results of cells incubated for 2 days in MEM, 50% HPL, and 10% HPL. 

Data are the mean+/- std dev.  Both the experimental groups are significantly (P<0.05) 

higher than the control group. 
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2. Comparisons between MTA mixed with distilled water and MTA mixed with HPL: 

For both MTT and ALP parameters, there were no significant differences found 

between the MTA mixed with distilled water, MTA mixed with 100% HPL, and 

negative control group (P value >.05). Further details are explained in table 1, 

table 2, Figure 5, and Figure 6). 

 

  N Total Mean Median Standard 

Deviation 

Control 7 6.424 
 

0.918 0.922 0.061 

MTA mixed with distilled water 7 5.987 
 

0.855 0.843 0.058 

MTA mixed with 100% HPL 7 6.059 0.866 0.871 0.086 

 

 

 

  N Total Mean Median Standard 

Deviation 

Control 6 1.31 
 

0.218 0.219 0.035 

MTA mixed with distilled water 6 1.1 
 

0.183 0.169 0.045 

MTA mixed with 100% HPL 6 1.182 0.197 0.183 0.062 

Table 1: MTT results comparing MTA mixed with distilled water and MTA that mixed with 

100% HPL. 

 

Table 2: ALP results comparing MTA mixed with distilled water and MTA that mixed with 

100% concentration HPL. 
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Figure 5: MTT results of HBO cells cultured with MTA mixed with distilled water and MTA mixed 

with 100% concentration HPL. Data are the means+/- std. dev.  No statistically significant 

differences (P>0.05) were observed. 
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3. Evaluation of the effect of different MTA mixtures:  

a. 100% concentration HPL: 

When MTA pellets were cultured with MEM and then this “conditioned” MEM 

was used for the HOB incubations, there were no significant difference 

between the groups in both MTT and ALP assays (P value>0.05). Table 3, 

Table 4, Figure 7, and Figure 8 show the results of spectrophotometric 

analyses.  
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Figure 6:   ALP activity of HBO cells incubated with MTA mixed with distilled water 
and MTA mixed with HPL. Data are the means+/- std. dev.  No significant differences 

(P>0.05) were observed. 
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  N Total Mean Median Standard 

Deviation 

Control 4 3.436 
 

0.859 0.866 
 

0.0304 
 

MTA mixed with distilled 

water 

4 3.611 
 

0.90275 0.939 
 

0.1244 
 

MTA mixed with 100% HPL 4 3.27 0.8175 0.8235 0.0703 

 

 

  

 

 

Table 3: MTT results when MTA pellets were incubated in MEM for 2 days. HBO cells were then 

incubated with the “conditioned” medium for 2 days before MTT measurements were conducted.   
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Figure 7: MTT results when MTA pellets were incubated with MEM for 2 

days and the HBO cells were incubated with the “conditioned” medium for 2 

days before the MTT assay was conducted.  Data are the means+/- std. dev.  

No statistically significant differences (P>0.05) were observed.   



 22 

 

 

 

  

 

 

  N Total Mean Median Standard 

Deviation 

Control 4 9.698 
 

2.4245 2.38 
 

0.27676524 
 

MTA mixed with distilled 

water 

4 9.982 
 

2.473 2.536 
 

0.230690269 
 

MTA mixed with 100% HPL 4 11.2786 2.814 2.786 0.21580296 
 

Table 4: ALP results when MTA pellets were mixed with 100% concentration HPL 

compared to MTA Mixed with distilled water and incubated in MEM for 2 days and with 

control group. 
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Figure 8:  ALP results when MTA pellets were incubated with MEM for 2 days and the HBO cells 

were incubated with the “conditioned” medium for 2 days before the MTT assay was conducted.  

Data are the means+/- std. dev.  No statistically significant differences (P>0.05) were observed.  
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b. There were no significant differences between MTA+ 50% concentration HPL, 

MTA + distilled water in both MTT and ALP (P value>0.05) (Table 5, Table 6, 

Figure 9, and Figure 10)  

 

  N Total Mean Median Standard 

Deviation 

Control 4 2.319 
 

0.58 0.594 
 

0.041995039 
 

MTA mixed with distilled 

water 

4 2.417 
 

0.604 0.607 
 

0.02128184 
 

MTA mixed with 50% HPL 4 2.532 0.633 0.614 0.092563492 
 

  

  

 

 

 

 

 

 

Table 5: MTT results of MTA mixed with 50% concentration HPL compared to the 

other groups. 
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Figure 9: MTT results when MTA pellets were incubated with MEM for 2 days and 

the HBO cells were incubated with the “conditioned” medium for 2 days before the 

MTT assay was conducted.  Data are the means+/- std. dev.  No statistically 

significant differences (P>0.05) were observed 
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N 

 

Total 

 

Mean 

 

Median 

Standard 

Deviation 

 

Control 

 

4 

 

4.031 

 

1.00775 

 

1.1145 

 

0.24405788 

 

MTA mixed with distilled water 

 

4 

 

4.552 

 
 

1.138 

 

1.1545 

 

0.214409266 

MTA mixed with 50% HPL 4 4.396 1.099 1.083 0.26672458 

 

 

 

 

 

 

 

 

 

 

Table 6: ALP results of MTA mixed with 50% concentration HPL compared to the other 

groups. 
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Figure 10: ALP results when MTA pellets were incubated with MEM for 2 days and 

the HBO cells were incubated with the “conditioned” medium for 2 days before the 

ALP assay was conducted.  Data are the means+/- std. dev.  No statistically 

significant differences (P>0.05) were observed 
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4. Measurement of the coated ProRoot® gray MTA with HPL: 

There was no significant difference between the groups when MTA was dipped in 

HPL or distilled water (P >0.05) (Table 7 and Figure 11) 

  N Total Mean Median Standard 

Deviation 

Control 4 0.356 
 

0.089 
 

0.0865 
 

0.014628739 
 

MTA dipped in distilled 

water 

4 0.318 
 

0.0795 
 

0.0765 
 

0.009255629 
 

MTA dipped in 100% HPL 4 0.341 
 

0.08525 
 

0.0835 
 

0.00846069 
 

MTA dipped in 50% HPL 4 0.307 
 

0.07675 
 

0.0785 
 

0.004716991 
 

 

 

Table 7: MTT results of MTA that was dipped in 100%, 50% concentration 

HPL, or distilled water 
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Figure 11: MTT results with HBO cells that were incubated with MTA that was dipped in 

100%, 50% concentration HPL, or distilled water. Data are the means+/- std. dev. No 

statistically significant differences (P>0.05) were observed.   
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5. HPL standard curve and protein release:  

Figure 12:  Standard curve of HPL.  
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Figure 12: Standard curve of HPL with different concentrations in 

PBS. 

 



 30 

Regarding the protein release in PBS, 100% concentration HPL release more protein 

than other groups but it was not significantly different between the groups (p 

value>0.05) at all time intervals (2,5, and 7 days). 
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Figure 13: Protein release from MTA mixed with distilled water, 100% HPL, 50% HPL. Based on 

the absorbance readings, after 7 days, there was evidence of small release of protein in the MTA 

loaded with 50% and 100% HPL.  
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6. Figure 14 shows the standard curve of different concentrations of bovine serum 

albumin (BSA). The concentrations that were used in this study were 400 mg/ml, 

40 mg/ml, 4 mg/ml, 0.4 mg/ml, and 0.04 mg/ml BSA 

Regarding the evaluation of BSA protein release from MTA mixed with different 

amounts of BSA: 

After 1 day, all the groups showed the same amount of absorbance.  

After 3 days, the 400mg/ml BSA group had significantly higher absorbance than 

other groups. In the group of MTA that was mixed with 400mg/ml BSA, 0.259 mg 

protein was released representing 1.75% of the initial loading.  

After 7 days, the 400mg/ml BSA group was significantly higher than other groups 

with no significant differences between the other groups. In the group of MTA 

that was mixed with 400mg/ml BSA, 2.59 mg (17.5% of the initial loading) was 

released. After 14 days, the 400mg/ml BSA group had significantly higher 

release than all the other groups. Additionally, it was higher than its released 

amount at 7 days. Moreover, after 14 days, the 40 mg/ml BSA group was 

significantly higher than the lower concentration groups. In the group of MTA that 

was mixed with 400 mg/ml BSA, 5.18 mg protein (35% of the initial loading) was 

released. In the group of MTA that was mixed with 40mg/ml BSA, 0.296 mg 

protein (20% of initial loading) was released (Figure 15- 18). 
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Figure 14: Standard curve for bovine serum albumin used to assess protein released 
from MTA 
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Figure 15: Data are the mean+/- std. dev. No significant differences between all 
groups after 1 day 



 34 

 

 

 

 

 

 

 

Figure 16: MTA mixed with 400mg/ml BSA released more protein than other groups. Data are 

the mean+/- std. dev. No significant differences between all groups after 3 days. 
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Figure 17: MTA mixed with 400mg/ml released more protein than other groups. Data are the 

mean+/- std. dev. No significant differences between all groups after 7 days 
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Figure 18: MTA mixed with 400mg/ml BSA released significantly (P<0.05) more protein than 

other groups. MTA mixed with 40 mg/ml BSA had a small, nonsignificant increase compared to 

the distilled water group. Data are the mean+/- std. dev.  
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7. Initial and final setting time:  

MTA mixed with 40 mg/ml BSA had the longest initial and final setting. MTA 

mixed with 400 mg/ml BSA had the shortest initial sitting time followed by MTA 

mixed with 100 % HPL. The data are shown in Table 7. 

 Initial sitting time (minutes) Final sitting time 

(minutes) 

MTA + distilled water 23 57 

MTA + 100% HPL 20 50 

MTA + 50% HPL 22 65 

MTA + 400 mg/ml BSA 18 40 

MTA + 40 mg/ml BSA 28 70 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8:  initial and final setting times in minutes. 
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Discussion: 

Within the limited circumstances of this study it failed to show any significant 

differences between MTA that was mixed or dipped with HPL and MTA that was 

mixed or dipped with distilled water. On the other hand, a study done by Liu et al 

showed significant differences between MTA that was mixed with fibroblast 

growth factor‐2 (FGF-2a) and MTA mixed with distilled water (50). However, the 

material and methods between these two studies are different which might be 

reflected in the results. In the Liu et al study, the exact type of MTA that was 

used in that study was not mentioned. Song et al showed that the amount of iron 

in gray MTA was significantly higher than in white MTA. Also, the amount of 

bismuth oxide in gray MTA-Angelus is lower than its amount in ProRoot MTA 

(51). Additionally, MTA-Angelus releases more calcium ions and has higher pH 

than ProRoot MTA (52). In a sealing ability study, It was shown that  there is a 

difference between ProRoot MTA and MTA-Angelus in sealing furcation 

perforation (53). Therefore, the type of MTA can affect the results. In addition, Liu 

et al (50) mixed MTA with FGF‐2 to form a sample with 2 mm thickness. On the 

other hand, the MTA spheres used in our study were 5 mm in thickness Also, 

MTA samples were incubated for only 1 day in Liu et al study to insure their 

setting while we incubated the MTA for 2 days to insure the setting. In the 

present study, human osteoblasts were used but in Lui et al human pulp stem 

cells were used. Finally, the assays that were used in Liu et al are different than 

the assays in this study.  
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Ko et al evaluated MTA that was mixed with bone morphogenetic protein 2 

(BMP-2). Their study showed higher results of MTA with BMP-2 

 compared to MTA that was mixed with distilled water but it was not significant 

different (54). 

 

There are multiple reasons why MTA mixed with HPL was not able to show 

significant differences in HOB responsivity. The first reason can be related to the 

size of the MTA sample. MTA pellets were placed directly in the 96 well plate. 

Therefore, they could have occupied most of the space in the plate. 

Subsequently, the cells may have had restricted space to multiply and grow. This 

can explain the reason of the second experiment. In the second experiment, the 

MTA pellets were incubated with MEM for 2 days and the “conditioned” MEM 

was used for the incubations with the cells. However, this experiment did not 

show significant differences due to HPL released as well.  

 

The second reason for lack of significant effects can be because of the 

concentration of HPL used in our experiments. Becherucci et al (55) showed that 

5% is sufficient to increase cell proliferation. Therefore, different HPL 

concentrations were tested in this study. However, there were no significant 

differences. However, there is a major difference between our methods and the 

method of Becherucci et al. They applied HPL directly to the cells. Therefore, it is 

directly attached to the cells and they insured all of the growth factors were 

released. On the other hand, we do not know how much growth factor was 
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released from MTA.  Also, mesenchymal stromal/stem cells were used in 

Becherucci et al study. 

In addition, the amount of HPL that was used in our studies may be not enough 

to show significant differences. The cement: liquid ratio is 3: 1. This is crucial and 

fixed by the company. Therefore, it cannot be modified. We can just increase the 

concentration to compensate the small volume of the liquid. In our study, each 5 

mm half sphere MTA has only 24μl HPL and this might not result in an 

appropriate concentration of growth factors to affect HOBs cell activity.   

 

Also, the hardness of MTA pellet may prevent the growth factors from being 

released. Because the MTA is well condensed, growth factors might not be 

released. Barone et al (49) found that HPL with NanoCalcium Sulfate increased 

the cell activity compared to NanoCalcium Sulfate without HPL. However, there 

is a deferent between MTA and NanoCalcium Sulfate. NanoCalcium Sulfate is 

not as condensed as MTA. It is more porous than MTA. Therefore, it can work as 

reservoir for HPL. To compensate for this, we dipped the MTA pellet in HPL to 

coat it from outside. However, this approach did not result in any significant 

differences.  

 

HPL which is not active can also explain why we did not see higher absorbance 

reading in the group of MTA which mixed with HPL. 10% and 50% HPL was 

applied to HBOs directly and the MTT assay was conducted. The MTT results 

were significantly higher for the HPL groups indicating the bioactivity of the HPL. 
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It does not, however, rule out the fact that the proteins in the HPL can become 

inactivated due the presence of the MTA, possibly during the setting reactions.  

 

Another plausible reason for a lack of effect of HPL mixed, or dipped, with MTA is 

the actual amount of proteins incorporated into the MTA with our application of 

HPL is not sufficient to produce an effect on the HOBs.  

In order to determine the ability of MTA to release the HPL that was incorporated 

in it by our mixing protocol, we attempted to evaluate the release kinetics after 2, 

5, and 7 days. Using the standard curve generated by us for HPL, no detectable 

amounts of released protein could be measured spectrophotometrically during 

this time period.  

 

Fetal bovine albumin (BSA) was used because of 2 reasons. Firstly, we can 

measure the amount of protein in each milliliter.  Secondly, we can control the 

amount and concentration of the protein that is to be added to MTA unlike with 

the HPL which was already concentrated.   In this study 400 mg BSA /ml PBS 

was used as the initial, highest concentration since above this level there was not 

complete solubility of the protein.  

 

Many concentrations were evaluated. At this limited situation, both concentration 

and time are important. 400 mg/ml started to show release at 3 days. On the 

other hand, 40 mg/ml needed 14 days to show evidence of a measureable 

release. 
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Setting time is an important factor for outcomes of dental treatment. Therefore, it 

was calculated in this study. Our results are in disagreement with Torabinejad et 

al (34) and Islam et al (56). In both studies, the setting times were longer than 

what we have in this study. These studies have briefly described the methods 

and the protocol they used. For example, the weight of the needle was not 

included in Torabinejad et al (34). In Islam et al (56), the time of the needle being 

kept in the surface of the specimens and the time until the needle was lowered 

again were not included in this study.  

 

The setting time of the MTA depends on multiple factors. The mixing time should 

be less than 4 minutes (57). This information is not included in Torabinejad et al 

(34) and Islam et al (56). For the purposes of this thesis, however, the actual 

setting time of MTA is not as relevant as the fact that the setting times (initial and 

final) were not significantly affected by the presence of either HPL or BSA in their 

preparation. A much-increased setting time could have been a confounding 

factor in the interpretation of our results as well as a factor for clinicians not 

embracing the concept of incorporating proteins for regenerative purposes.  
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Conclusion: 

Gray ProRoot MTA Root Canal Repair Material was biocompatible in direct 

incubations with human osteoblastic cells. Under the standard growth conditions 

tested here, addition of HPL did not significantly affect the cellular responses to 

the MTA. Both time and concentration may affect the protein release from MTA. 

Further studies should be conducted to evaluate potential effects of MTA mixed 

with HPL under suboptimal cell growth conditions as well as other preparations of 

enriched platelets that might prove to yield more optimal growth factor 

concentrations for regenerative responses.  
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