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Introduction 

Decalcification is an essential step routinely performed for histopathological 
observation of bone and bone-containing tissues. The purpose of decalcification 

is to remove calcium salts from mineralized tissue in such a way that the essential 

microscopic components are properly preserved for sectioning through routine 
histopathological methods (1). Calcification can be used to examine oral 

pathology (2) and bone metastases (3). Numerous methods have been employed 

for decalcification, including heat, microwave, electric current, and chemical 
agents. Among these methods, chemical agents are the most common tool in 

routine histopathological analysis (4,5). The most extensively employed 

chemical agents for decalcification are either acids, which form soluble calcium 
salts, or chelating agents such as ethylene diamine tetraacetic acid (EDTA), which 

function by binding to calcium ions on the surface of apatite crystals (6). Each 

method has its own advantages and drawbacks. Faster, acidic solutions may 
adversely affect the tissues, resulting in minimal to severe damage to the staining 

characteristics of the organic components. On the other hand, chelation preserves 

the organic phase of tissues sufficiently intact but is a slow process and not ideal 

for routine use (7). Thus, an ideal decalcifying approach should preserve tissue 

morphology and antigenicity within a reasonable time limit. Selecting the 

appropriate decalcification protocol involves balancing the speed of 
decalcification with the preservation of tissue morphology and staining quality. 

According to the authors' literature search, the effects of decalcifying 

reagents and practical details of decalcification for canine osseous tissue are 
largely unknown. Thus, we presented a comparative evaluation of four different 

decalcifying agents for canine mandibular tissue, focusing on the decalcification 

time, ease of tissue slicing, the agents’ impact on histological staining 
characteristics, and antigenic preservation. 

 

Methods 

All animals were housed and euthanized following the National Institutes of 

Health guidelines for the care and use of laboratory animals. Four healthy male 
Mongrel dogs (2 ± 0.1 years old) were housed in individual cages, provided with 

controlled temperature (20 ± 2 °C), lighting (12 hr light: 12 hr dark photoperiod), 

and free access to water ad libitum, as well as commercially balanced dry food 

(France). After two weeks of adaptation, a total of 32 samples of mandibular bone 

tissue (Eight from each animal) were harvested under general anesthesia, which 

was induced and maintained under the supervision of a veterinarian. All surgical 
procedures were performed under aseptic conditions.  

Fixation of the harvested bone tissue was accomplished using 10% neutral-

buffered formalin (ThermoFisher Scientific, Waltham, MA) for 72 hr followed 
by overnight rinsing in running water for the next 24 hr. Decalcification of the 

samples was performed using either 5% nitric acid (5% NA), 10% formic acid 

(10% FA), 20% formic acid (20% FA), or 10% EDTA (pH 7.4) at room 
temperature (Table 1). For decalcification, the tissue samples were completely 

immersed in approximately 100 ml of the solution, with the solution volume 

being 10 times the tissue volume, and received repeated agitation each day. In 
addition, decalcifying solutions were changed every other day, except for 10% 

EDTA, which was replaced weekly. The total time required for complete 
decalcification was recorded precisely. To achieve randomization, each 

decalcifying solution contained eight fixed samples (Two from each animal) to 

account for variability between the animals. 

 
The endpoint of the decalcification process was determined using the following 

methods (6): 

1. Physical Method: Bending and needling of the bone tissue using a surgical 
blade (Without applying force) 

2. Chemical Evaluation: Calcium-oxalate test, which detects insoluble calcium 

oxalate salt precipitated as small white spots in the solution 
3. Radiographic Assessment: Evaluating bone samples for relative opacity to 

suggest complete decalcification 

Decalcification with inorganic acids was neutralized by a 12 hr-incubation 
with sodium sulfate before dehydration. 

After determining the endpoint time of decalcification, the specimens were 

washed in PBS, followed by routine dehydration and paraffin embedding 
processes, as described elsewhere (8). The prepared blocks were then stored at 

room temperature for further use. 

The efficiency of decalcifying agents was assessed at four levels during the 
investigation: first, the speed of decalcification was evaluated according to the 

endpoint criteria; second, ease of sectioning was assessed during the microtome 

cutting process; third, morphological preservation was evaluated with Alizarin 
red S (AZR) staining; and fourth, antigenic preservation of osteocalcin (OCN) 

was assessed via immunohistochemistry (IHC) staining. 

Sections of 6 µm thickness were acquired with a microtome (HM 325 
Microm). Afterward, tissue slides underwent AZR staining, as described earlier 

(9). 

Table 1. The constituents and preparation method of decalcifying solutions 

Decalcifying agent 

Decalcifying 

solution 1 

Decalcifying 

solution 2 

Decalcifying 

solution 3 

Decalcifying 

solution 4 

5% NA 10% FA 20% FA 10% EDTA 

Method of 

preparation 

5ml nitric acid 

was added to 

100 m DW. 

10ml formic acid 

was added to 100 

ml Distilled 

water (DW). 

20ml formic 

acid was 

added to 100 

ml DW. 

100 g EDTA was 

added to 1000 ml 

DW and the pH of 

solution 

determined as 7.4. 
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Morphological preservation of the bone tissue was evaluated based on the 

following criteria: 

1. Preservation of bone organization, including bone trabeculae, bone marrow 
spaces, and osteocytes within their lacunae 

2. Preservation of the osteoblastic cell layer 

3. High preservation of staining characteristics 
Ease of sectioning and morphological preservation were scored within the 

range of 1-4, where 1 was considered poor, 2 fair, 3 good, and 4 excellent. 

IHC processing was carried out on specimens placed on adhesive-coated 
glass slides (3-aminopropyltriethoxysilane, Sigma-Aldrich) to prevent 

detachment. The primary rabbit antibody against osteocalcin (ab93876, Abcam, 

USA) was used, as described earlier (8). All slides were independently evaluated 
and graded under an optical microscope (Olympus, Japan) by two independent 

observers. The slides were graded based on the intensity of immunoreactions 

using a four-tier grading system: 4 (Strong), 3 (Moderate), 2 (Mild), and 1 
(None). Initially, the slides were evaluated to determine the range of 

immunoreactivity for each type of decalcifying solution, with the strongest 

reactivity being graded as 4.  
Statistical analysis was performed using the SPSS 11.5 software package for 

Windows. The efficiency of the decalcifying solutions was analyzed statistically 

using one-way ANOVA. The Kruskal-Wallis test was used to determine if there 

were significant differences between the solutions tested for each parameter 

evaluated across the four experiments. Differences with P < 0.05 were considered 

significant. 

 

Results 

The mean decalcification time for each experimental group was recorded as 

follows: 8.1 days for 5% NA, 30.4 days for 10% FA, 17.8 days for 20% FA, and 

67.6 days for 10% EDTA. The mean decalcification time was significantly 
shorter with 5% NA compared to 10% EDTA (P < 0.001), 10% FA (P <  0.01), 

and 20% FA (P < 0.05). In addition, the decalcification time for 20% FA was 

significantly shorter than for 10% EDTA (P<0.01) and 10% FA (P < 0.05). The 
mean decalcification time for 10% FA was also significantly shorter than for 10% 

EDTA (P < 0.01) (Figure. 1). 

 
After paraffin embedding, tissues decalcified with 5% NA showed greater 

ease in microtome cutting compared to those treated with 10% EDTA (P<0.001), 

10% FA, and 20% FA (P < 0.05). Tissues treated with 10% FA and 20% FA 

showed tolerable ease in sectioning, which was significantly higher than that for 

10% EDTA (P < 0.01). The hardest specimens to cut were those decalcified with 
10% EDTA (Figure. 2). 

 

AZR staining (Figure. 3) indicated that decalcification with 10% EDTA 

provided the best preservation of cellular structures compared to 10% and 20% 

FA (P < 0.05) and 5% NA (P < 0.001). No significant difference was observed in 
the preservation of cellular structures between tissues decalcified with 10% and 

20% FA. In contrast, tissue morphology and the uniformity of soft tissue were 

mostly affected in tissue sections decalcified with 5% NA, which was 
significantly lower than in tissue sections decalcified with 10% and 20% FA (P < 

0.01) (Figure. 4). 

 

 
Antigenic preservation of OCN in decalcified tissue sections was evaluated 

by observing positive immunoreacted cells with brown cytoplasm, indicating the 

accumulation of OCN protein (Figure. 5). 
 

 

 

Figure 1. Decalcification time (in days) with four different decalcifying agents (5% 

NA; 10% FA; 20% FA and 10% EDTA). **P<0.01 and ***P<0.001 compared to 10% 

EDTA group, ##P<0.01 and #P<0.05 compared to 10% FA group, +P<0.05 compared to 

20% FA group. The values represent mean ± standard error of mean.  

 
Figure 2. Decalcifying solutions scores as measurement of ease of sectioning (5% NA; 

10% FA; 20% FA and 10% EDTA). **P<0.01 and ***P<0.001 compared to 10% EDTA 

group, #P<0.05 compared to 10% FA group, +P<0.05 compared to 20% FA group. The 

values represent mean ± standard error of mean. 

 

Figure 3. Representative images of AZR-stained canine osseous tissue sections 

decalcified with four different decalcifying agents (5% NA; 10% FA; 20% FA and 10% 

EDTA). 

 

Figure 4. Histological images analysis of morphological preservation of bone tissue 

decalcified with four different decalcifying agents (5% NA; 10% FA; 20% FA and 10% 

EDTA). **P<0.01 and ***P<0.001 compared to 5% NA group, #P<0.05 compared to 

10% FA group, +P<0.05 compared to 20% FA group. The values represent mean ± 

standard error of mean. The values represent mean ± standard error of mean. 

 

 

Figure 5. Representative images of IHC staining of OCN expression in canine 

mandibular tissue, decalcified with four different decalcifying solutions (5% NA; 10% 

FA; 20% FA and 10% EDTA). Positive immune-reacted cells appeared to have their 

cytoplasm in brown which was an indicator of accumulation of OCN protein. 
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Stronger immunoreactivity was observed during decalcification with 10% 

EDTA compared to 10% and 20% FA (P < 0.01) and 5% NA (P < 0.001). 

Moderate immunoreactivity was noted during decalcification with 10% and 20% 
FA, with no significant difference between the two. Decalcification with 5% NA 

showed significantly lower immunoreactivity compared to 10% and 20% FA (P 

< 0.01) and almost failed to preserve antigenicity (Figure. 6). 

 

Discussion 

In the present study, the effects of four different decalcifying solutions on the 

decalcification time, ease of sectioning, and quality of AZR and IHC staining 
were compared using canine mandibular bone tissue. Regarding the 

decalcification time and ease of sectioning, 5% NA yielded better results than 

10% and 20% FA and 10% EDTA (pH 7.4). For the preservation of morphology 
and antigenicity of the tissue samples, 10% EDTA (pH 7.4) was found to be the 

most optimal solution, followed by 10% and 20% FA and 5% NA. 

Previous studies comparing different decalcifying solutions with respect to 

factors such as time period and morphological preservation reported diverse and 

sometimes, controversial results, which can be confusing in laboratory practices 

(10,11). The type and concentration of the decalcifying solution are crucial 
variables that significantly impact the decalcification time, ease of sectioning, 

and morphological and antigenic preservation throughout the bone tissue. 

However, regardless of the decalcifying agent, these factors also depend largely 
on the type of tissue being decalcified. Therefore, this issue should also be 

considered.  

EDTA is one of the most commonly used decalcifying agents in 
histopathological laboratories due to its satisfactory antigenic preservation, as 

shown in this study. However, the advantage of EDTA is often overshadowed by 

its time-consuming incubation process (12). The decalcification time reported for 
10% EDTA varies widely, depending on the sample size and host (13). Liu et al. 

reported a 21-day decalcification period for rat femurs (13). However, another 

study described a 100-day lag for the decalcification of rat hind paws (1). This 
variation may result from differences in specimen size and the presence of skin 

surrounding the specimen. In this study, decalcification of canine alveolar bone 

using 10% EDTA took approximately 67 days, making it the most laborious 

compared to the other solutions. 

Efficacious IHC requires selecting a decalcifying solution that preserves the 

results. Several studies have examined the immunoreactivity of various 
molecules after using either acid or chelating demineralizing solutions (14). For 

example, an assessment of different decalcifying protocols on Osteopontin 

(OPN) and OCN immunostaining in bone specimens from an arthritis rat model 
using confocal immunofluorescence showed that the optimal solution for 

detecting OPN and OCN was 5% NA, followed by 10% EDTA (pH 7.4) (1). Our 

results also indicated that the highest quality in preserving the antigenicity and 
morphology of canine mandibular tissue was achieved with 10% EDTA (pH 7.4). 

The superior results may be attributed to the chelating agent's mechanism of 

capturing metallic ions, such as calcium, layer-by-layer from the outer layer of 
the apatite crystals to the deeper layers. In this way, the crystal size decreases 

gradually and steadily, leading to an excellent preservation of tissue components 

(11). 
However, immunostaining details and morphological preservation were 

adversely affected with 5% NA, according to our findings. These variations might 

be due to differences in the type of tissue and host. On the other hand, 5% NA 

significantly reduced the decalcification time to the minimum level and provided 

the highest ease during tissue sectioning. 
Formic acid is well-accepted and widely used for decalcification, likely due 

to its time-saving nature and ability to preserve morphology, as noted in various 

studies (15,16). Bogoevski et al. reported that FA is a good alternative to EDTA, 
although EDTA remains the best option for tissue preservation quality (17). In 

this study, the decalcification time significantly increased from 5% NA to 10% 

EDTA, while 10% and 20% FA showed intermediate results, with a significant 

decrease in time from 10% FA to 20% FA. Indeed, a 100% increase in the 
concentration of FA resulted in a significant reduction of about 39% in the 

decalcification time. This effect may be attributed to the increased speed of 

penetration throughout the samples. Despite the rapid action of 5% NA, FA 
operates more slowly, which helps in better preservation of bone tissue structure 

(13).  

Regardless of the solution used, decalcification methods are generally 
accelerated by supplementary factors such as increased controlled temperature 

(17). This study focused on different decalcifying agents and did not employ such 

factors, thereby standardizing the procedure. Other limitations include the use of 
only one decalcifying agent per experiment, which may have restricted the 

potential for novel findings. Moreover, using different fixatives prior to 

decalcification could yield altered results. To date, no original research has 
compared mineralizing solutions specifically for decalcifying canine osseous 

tissue, making this study the first to address this issue. 

 

Conclusion 

According to the results of this study, decalcification with 10% EDTA (pH 7.4) 

was preferable due to its maintenance of the integrity and antigenic reactivity of 

canine mandibular tissue, making it the best choice for cases where time is not a 

critical factor. Conversely, 20% FA demonstrated a balance between tissue 

integrity and decalcification time, suggesting its suitability as a stable 
decalcifying agent for routine histopathological diagnoses. In contrast, 5% NA 

may be considered when only general staining protocols are required. 
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